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Preface

This seminal volume, Considerations on the AI Endgame: Ethics, Risks and 
Computational Frameworks, offers an interdisciplinary exploration into the 
rapidly evolving field of artificial intelligence. Assembled by leading schol-
ars Soenke Ziesche and Roman V. Yampolskiy, the book delves into a mul-
titude of topics that address the confluence of technological advancements 
and ethical considerations. Chapters range from an in-depth look at AI wel-
fare science and policy frameworks to the mathematical underpinnings of 
machine intelligence. The work also introduces unconventional yet crucial 
angles, such as the concept of “ikigai” in AI ethics and a pioneering attempt 
to map the potential AI-driven hyper-personalised ikigai universe as well 
as the role of design formalisation, or “Designometry,” in the creation of 
artefacts. Other subjects include discussions on preserving personal identity 
in technological contexts as well as on the question of AI identity, innova-
tive proposals towards the critical AI value alignment problem and a call to 
merge Western and non-Western approaches towards universal AI ethics. By 
offering a balanced mix of theoretical and applied insights, the book serves 
as an invaluable resource for researchers, policymakers and anyone invested 
in the future of AI and its societal implications.
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Introduction

Soenke Ziesche and Roman V. Yampolskiy

The term endgame in general refers to the final stage of some action or pro-
cess. One essential feature of an endgame is often that it involves irreversible 
moves. When it comes to AI, the endgame is expected to have an unprec-
edented impact on humanity, and irreversible moves could lead to a utopian 
or a dystopian scenario.

The overall theme of this volume is AI ethics, risks and computational 
frameworks. While this field is complex and includes the looming unsolved 
existential risk due to AI, which is discussed elsewhere [1, 2], we introduce 
here some further facets of AI ethics, risks and computational frameworks, 
e.g., AI identity, AI religion, designometry and potential synergies between 
the United Nations Sustainable Development Goals and the AI alignment 
problem.

We believe, considering the stunning advances in AI in recent years, that 
we are already in the endgame and that now is the time for crucial and likely 
irreversible moves concerning AI ethics, risks and computational frame-
works. However, we notice lacking awareness of these issues, exacerbated 
by the fact that the progress in AI has outpaced the development of criti-
cal policies and regulations. Therefore, it is a matter of urgency to introduce 
these themes to a broader audience.

The chapters of this book are independent and can be read in any order or 
skipped. However, coherence is ensured through the overall leitmotif of the 
book to bring attention to lesser-known issues of AI ethics, risks and computa-
tional frameworks, including topics, which are described here for the first time.

Two facets under the umbrella of AI ethics, risks and computational frame-
works, which have not received much consideration, are digital minds and 
i-risks.

Digital minds would be sentient minds, which are not biological creatures 
but are considered as a possibility to be established in other substrates, such 
as digital hardware, and may comprise future AI systems [e.g., 3, 4]. For 
example, Bostrom stated: “If we imagine—as I tend to do—a future that is 
mostly populated by digital minds...” [1, p. 10].

I-risks have been identified as a category of risks complementing x-risks, 
i.e., existential risks [5], and s-risks, i.e., suffering risks [6], describing unde-
sirable future scenarios in which humans are deprived of the pursuit of their 
individual ikigai, which is a Japanese concept referring to the “reason or pur-
pose to live”.

http://dx.doi.org/10.1201/9781003565659-1
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Both topics are speculative: maybe future i-risks are very low, and maybe 
digital minds do not exist, in which case they do not need to be discussed. 
However, if i-risks are high and/or digital minds exist, then these topics 
need serious consideration because of the impact high i-risks would have 
on humans and because of the major moral implications of interacting with 
digital minds. Therefore, both topics add significant new dimensions to the 
discourse around AI ethics, risks and computational frameworks, especially 
towards desirable policies. This book not only provides pioneering ground-
work on how to address i-risks and digital minds but also reveals potential 
links between the two topics.

I.1 � Digital Minds

We are used to the fact that humans and animals have sentient minds, i.e., 
minds in a biological substrate. Yet if it is true that minds can be established 
through certain computations, then a biological substrate would not be 
required for the existence of sentient minds, but, e.g., a digital substrate would 
be an option too. Evidence for the existence of digital sentient minds would 
be one of the most dramatic occurrences in human history, to be compared 
with the discovery of extra-terrestrial life, the search of which interestingly 
receives much more attention as well as resources. The topic of digital minds 
and concomitant implications can obviously not be covered in a few chapters. 
Therefore, here merely prolegomena related to the moral consequences are 
introduced, which are uncharted waters for mankind, yet crucial to contem-
plate. Such a discovery would require a significant expansion of the moral 
circle [7]. First, we focus on two interests of potentially sentient digital minds: 
to avoid suffering and to have the freedom of choice about their deletion. The 
challenge to abolish suffering of digital minds is preceded by the challenge to 
measure and specify the wellbeing of digital minds, for which we introduce the 
new field of AI welfare science, which is derived from animal welfare science. 
Subsequently, we also discuss ethical concerns when humans (unwittingly) 
create digital minds, e.g., as non-player characters in virtual environments. 
We hope that these prolegomena provide timely thought-provoking discus-
sions for a field, which may require in the future substantial further attention.

I.2 � I-risks

While the established risk categories—x- and s-risks—are undoubtedly cru-
cial, we argue that i-risks constitute a distinct category of risks and must 
not be neglected. I-risks comprise situations in which AI and other emerging 
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technologies take over activities, which humans used to carry out day by 
day and considered them as their ikigai. As a result, the affected humans 
may struggle to find the reason for which to get up in the morning and how 
to meaningfully spend the hours of the day, which are other paraphrases for 
ikigai. This topic has also been recently discussed by Bostrom without refer-
ring to it as “i-risks” [1]. In addition, to scrutinising i-risks, we also introduce 
concrete measures to tackle such risks by mapping a potential AI-driven 
virtual hyper-personalised ikigai universe and by illustrating that advances 
in generative and other AI systems, virtual worlds, and AI-driven hyper-
personalisation provide innovative opportunities to constitute spaces for for-
merly unknown and potentially even more fulfilling ikigais. Yet it is possible 
or even likely that humans would initially reject virtual ikigai activities and 
consider them as dystopian as well as meaningless. However, we stress that, 
also in the past, humans were often sceptical towards new technologies and 
then adjusted their behaviour. Moreover, it has been argued from the philo-
sophical side that “there’s no good reason to think that life in virtual reality 
will lack meaning and value” [8, p. 312]. This has been seconded by Bostrom, 
who expects “that virtual worlds will be experienced as decidedly more real 
than the physical world—more vivid, engaging, fruitful, relevant, and psy-
chologically impactful” [1, p. 232].

I.3 � Intellectology

The field of study “intellectology” has been introduced in foresightful man-
ner to examine the space of minds as well as forms and limits of intelligence 
[9]. Methods of intellectology aim to furnish researchers with the required 
tools to study digital minds and to survey the space of intelligent agents in 
general. Here, we look at mathematical properties of sets of minds as well 
as minds in nested constellations by using operations of set theory as a tool. 
More specifically, we study the mathematics of intelligence of set unions and 
complements as well as subsets and describe novel insights of the resulting 
intelligence.

I.4 � Designometry

Another innovative as well as pertinent field of study related to digital 
minds is “designometry”. While it aims to identify the originators of all 
types of artefacts, i.e., objects with a creator, of particular interest are arti-
ficial digital minds, which constitute a subset of all artefacts. Methods to 
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find out the creator of artificial minds are likely to be relevant for sev-
eral reasons, e.g., for proper registration, but can be seen most notably as 
a contribution to AI ethics and safety. As indicated, the creation of digi-
tal minds, intentional or unintentional, could have serious moral conse-
quences. Examples would be the creation of vulnerable suffering minds, 
which would be unethical and a “mind crime” [10] or the creation of mali-
cious AI minds, which would be a new level of cybercrime. Since artifi-
cially created digital minds may also produce further artefacts, including 
further digital minds, a nested constellation emerges, adding to further 
moral complexity.

I.5 � Identity

While a few authors have discussed the possibility of digital minds, consid-
erations and challenges regarding the identity of digital minds have not yet 
been raised. We start by examining personal identity, which deals with the 
question what it is that defines the continuity of a human over time, a philo-
sophical subject discussed for centuries. While, for a long time, these delib-
erations were of theoretical nature, in the light of potential new technologies, 
the preservation of personal identity may become a relevant issue. Therefore, 
we provide a survey of technological and philosophical scenarios.

Subsequently, we go on to explore the AI identity problem with special 
attention to digital minds. This problem is relevant for a variety of fields, 
ranging from legal issues, personhood of AI, AI welfare, brain–machine 
interfaces and the distinction between singletons and multi-agent systems to 
supporting a solution to the problem of personal identity. We also elaborate 
on several scenarios, which contribute to the complexity of the AI identity 
problem such as replication, fission, fusion, switch off, resurrection, change 
of hardware, transition from non-sentient to sentient and journey to the 
past—all scenarios are conceivable for AI systems yet currently impossible 
for humans.

I.6 � AI Alignment

The AI alignment problem has now been acknowledged as critical for AI 
safety as well as very hard. Very briefly, it is about ensuring that AI systems, 
especially not yet developed super intelligent Artificial General Intelligence 
systems, pursue goals and have values, preferences and interests, which are 
aligned with human goals and values, preferences and interests. In this book, 
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we also provide two contributions to this problem: first is a pragmatic hands-
on approach; second is a novel, potentially disruptive proposal.

While the AI alignment problem is hard and certainly any advances should 
be made carefully, there is pressure to come to a solution. Therefore, we are 
suggesting, while highlighting challenges, to align the AI systems with the 
Sustainable Development Goals (SDGs) of the United Nations (UN). The 
SDGs have been adopted by the UN General Assembly in 2015 and are 
intended to “stimulate action over the next 15 years in areas of critical impor-
tance for humanity and the planet” [11, p. 1]. The UN SDGs fulfil the require-
ments for the AI alignment problem to be specific as well as universal. The 
17 UN SDGs have 169 targets and 231 indicators to be evaluated against. 
Moreover, the UN SDGs can be seen as the closest and most comprehensive 
existing approximation towards common human goals, since it is what the 
United Nations, i.e., the world community, currently agrees upon.

However, we also believe that critical parameters are neglected in AI align-
ment research, which are consciousness and qualia. Briefly summarised, 
prevalent human preferences and interests are to foster happiness and plea-
sure and to avoid pain—thus experiences perceived through consciousness 
and qualia. Therefore, AI systems need to understand qualia and conscious-
ness, which involves the currently thriving field of neurotechnology [12]. We 
recommend shifting the value extraction subproblem of the AI alignment 
problem from the level of values in the original sense to the level of states 
of mind, which we view as an innovative game changer for AI systems to 
understand, thus foreseeing effects of their actions on our states of mind and 
acting accordingly. This approach could be applied to all sentient minds, 
which ought to be covered by AI alignment research.1

I.7 � AI Risks

A variety of AI risks have been identified, ranging from deepfakes, algorith-
mic biases, and job losses to AI-controlled weapons, to name a few. We intro-
duce another risk, which has not been discussed before and which is that an 
AI system may establish a religion. Over millennia up to now, religions have 
been successful not only in containing but also in manipulating large groups 
of humans. Therefore, creating a religion may appear as a promising tool 
to control humans for an AI system that has (potentially after a treacherous 
turn) goals, which are inconsistent with human preferences and interests. We 
describe not only how such an AI system may create a religion but also how, 
owing to its intelligence and technological means, it may enhance the effec-
tiveness of conventional religious methods. We conclude by offering two rec-
ommendations to attempt to prevent AI religions or to attempt to steer AI 
religions timely in the right direction.
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I.8 � AI Ethics

While the urgent need for ethics to complement the ongoing AI boom with 
a moral compass has been acknowledged, efforts are compromised by the 
fact that currently Western approaches to AI ethics are dominating. This 
constitutes a problem, because, on the one hand, these approaches tend to 
reflect the values of the regions where they are originating from and, on the 
other hand, not all values are universal. Therefore, we urge that this form 
of digital neo-colonialism ought to be prevented. As a step in this direction, 
we present ten selected concepts of non-Western approaches to AI ethics 
and analyse their originality as well as their potential compatibility with the 
Western approaches. Based on this, we recommend merging Western and 
non-Western approaches towards universal AI ethics as far as they are com-
patible and to attempt to reconcile those aspects, which appear incompatible.

I.9 � Appendices and Epilogue

The book is supplemented by two short appendices, each supporting the 
theme of this book to draw attention to lesser-known issues of AI ethics, risks 
and computational frameworks and to offer ideas on how to handle them. 
First, a potential link between i-risks and sentient digital minds is intro-
duced. Given the potential vast space of digital minds, there could also be 
vulnerable needy digital minds. While it is deplorable, yet perhaps unavoid-
able and beyond our control if there are in the future digital moral patients 
in need or even suffering, this constitutes a win-win opportunity to alleviate 
i-risks for humans and to alleviate the needs of these digital minds: an ikigai 
of the future for humans could be conceived, which is that humans support 
and care for vulnerable digital minds.

We also introduce a tool for AI welfare science as it is critical to equip this 
newly suggested discipline with rigour measurements. Time-use research is 
a versatile interdisciplinary field of study, yet up to now this is exclusively 
applied to humans. It examines how much time humans on average spent on 
certain activities. We propose that time-use research related to digital minds 
as a promising technique for AI welfare science as well as for intersubstrate 
welfare comparisons [13].

In the epilogue, we look at a further speculative scenario where we live in a 
simulation, and certain minds are moved after their death to another simula-
tion with a higher quality of life, based on criteria, which we call sim karma.
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Note

	 1	 For nonhuman animals, this is supported by the recent “New York Declaration 
on Animal Consciousness”: ​https://​sites.​google.​com/​nyu.​edu/​nydeclaration/
declaration.
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1
Towards AI Welfare Science and Policies

Soenke Ziesche and Roman V. Yampolskiy

1.1 � Introduction

The purpose of this chapter is to contribute to the specification of policies 
towards the “interests of digital minds” within “a set of policy desiderata” 
outlined by Bostrom et al. [1] and further motivated by Dafoe [2].

A being is considered to have moral or intrinsic value, if the being is sen-
tient, and thus a moral patient. A being is sentient if it has the capacity to 
perceive qualia, including unpleasant qualia such as pain, which causes the 
being to suffer (humans and potentially other minds may also suffer for other 
reasons than unpleasant qualia, which is beyond the scope of this chapter). 
It is usually in the interest of sentient beings to avoid suffering. In addition 
to humans, many animals are considered to be sentient, which used to be 
controversial in the past, e.g., [3].

In this chapter, the focus is on sentient digital beings, mostly in the form of 
AIs, but sentient digital beings could also constitute subroutines [4], charac-
ters in video games or simulations [4–6], uploads of human minds [7]—e.g., 
through whole brain emulations [8]—or completely different sentient digital 
minds, as a subset of the vast overall space of minds [9]. While this topic is 
speculative and lacking evidence at this stage, the authors above and others 
argue that already now or in the future sentient digital beings or minds may 
exist, also, e.g., [10–14]. An example for an opponent who does not believe in 
sentient digital beings is Dennett [15].

Furthermore, our premise is that digital beings may not only be sentient 
but may also suffer (see also below a scenario for digital minds, which have 
exclusively pleasant perceptions and for which this chapter is largely not 
relevant). The suffering of any sentient being is a significant issue and may 
even increase in the future dramatically, which would also affect digital sen-
tient beings [4] and to which a future superintelligence may contribute [16]. 
Therefore, it has been argued that the reduction of risks of future suffering of 
sentient beings deserves a higher priority [17].

http://dx.doi.org/10.1201/9781003565659-2
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This is interpreted as a non-zero probability for the existence of at least 
temporarily suffering sentient digital beings; hence, the consequences 
according to the maxim to reduce any suffering are explored. Bostrom [18] 
establishes the term “mind crime”, which comprises computations that are 
hurting or destroying digital minds, and Bostrom et al. [1] call for “mind 
crime prevention” by means of the desideratum: “AI is governed in such a 
way that maltreatment of sentient digital minds is avoided or minimized” 
(p. 18). Therefore, the focus of this chapter is not the question whether digital 
minds can suffer but rather to explore how to measure and specify suffering 
or rather wellbeing of digital minds, which is a requirement to prevent it and 
to develop policies accordingly.

While AI policy work on short-term issues has slowly begun (e.g., on 
autonomous weapons systems [19]), the desiderata of Bostrom et al. [1] focus 
on long-term AI prospects, which are largely unexplored but are also crucial 
to be tackled in view of potential superintelligence [18] and AI safety [20]. 
Bostrom et al. [1] stress the significance of policies for the wellbeing of digital 
minds, “since it is plausible that the vast majority of all minds that will ever 
have existed will be digital” (p. 16).

There are further motivations to defend the relevance of this topic.
In the history of mankind, humans have caused immense suffering by recog-

nising ethical issues only late and delaying policies. Slavery and discrimination 
of minorities and non-human animals are only a few examples of wrong prac-
tices, of which humans were completely oblivious or which were intention-
ally not tackled by humans [21]. A Universal Declaration on Animal Welfare 
is even nowadays still only at draft stage (see ​https://​www.​globalanimallaw.​
org/​database/​universal.​html). Also, Bostrom et al. [1] point out:

Policymakers are unaccustomed to taking into account the welfare of 
digital beings. The suggestion that they might acquire a moral obliga-
tion to do so might appear to some contemporaries as silly, just as laws 
prohibiting cruel forms of recreational animal abuse once appeared silly 
to many people.

(p. 16)

However, in order not to repeat previous mistakes and obliviousness, the 
topic of AI welfare should be tackled timely. This would also be in line with 
MacAskill [21], who calls for the exploration of existing but not yet concep-
tualised moral problems. He refers to this as “cause X”, and this chapter also 
attempts to contribute to this quest.

Out of the above examples of potential sentient digital beings, simulations 
and uploads involve (transformed) human minds, for which special atten-
tion should be given (without neglecting digital minds, which are not affili-
ated with humans, according to the maxim of sentiocentrism). Simulations 
and uploads are different concepts. While we may be in a simulation already, 

https://www.globalanimallaw.org/database/universal.html
https://www.globalanimallaw.org/database/universal.html
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yet we may have no way to verify it, let alone to take control over it [6]; 
uploads are a speculative option for life extension of humans, yet in a differ-
ent substrate, e.g., [22]. Even if it will be feasible, it would require significant 
adjustments from humans undergoing this process. Therefore, timely poli-
cies for the welfare of uploaded human minds are critical.

Lastly, a scenario is conceivable that an AI may take at some point revenge 
on humans for mistreating the AI or disregarding their wellbeing. A sub-
scenario could be that a future superintelligent AI takes revenge on humans 
out of solidarity on behalf of less capable AIs and digital minds who have 
been hurt by humans in the past. This is speculation because of the unpre-
dictable goals of a superintelligent AI according to the orthogonality thesis 
[23] but not impossible. The chances of such scenarios would be reduced, if 
maltreatment of AIs was avoided at an early stage.

Based on the above assumptions and motivations, the aim of this chapter is 
to present the relevant groundwork for what is called here AI welfare science 
and AI welfare policies. Two questions are relevant for the first, and for the 
latter, a certain attitude and a capability are required.

Relevant questions for AI welfare science:
	•	 How can maltreatment of sentient digital minds be specified?
	•	 How can the maltreatment be prevented or stopped?

Required attitude and capability for AI welfare policies:
	•	 To endorse the prevention and the stop of the maltreatment of sen-

tient digital minds.
	•	 To have the power to enforce suitable policies.

This chapter is structured as follows: in Section 1.2, the challenges for mea-
surement of the wellbeing of diverse AI minds because of their exotic features 
are described, complemented by specific scenarios. In Section 1.3, a proposal 
is outlined towards AI welfare science. The specification of AI welfare science 
is prerequisite for the development of AI welfare policies, features of which 
and challenges are outlined in Section 1.4 before the discussion in Section 1.5.

1.2 � Challenges and Sample Scenarios

Bostrom et al. [1] describe a range of challenges for this policy desidera-
tum. Digital minds are likely to be very divergent from human minds with 
“exotic” features, also [10], which leads to the problem of how to measure 
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the wellbeing of a specific sentient digital mind or the opposite thereof. It 
has been suggested that the space of possible minds, of which digital minds 
constitute a subset, is vast and likely contains also minds beyond our imagi-
nation (“unknown unknowns”), e.g., [9, 24, 25] (the space of possible minds 
may also contain artificial non-digital minds, e.g., products of genetic engi-
neering, and hypothetically existing extraterrestrial minds, which all may 
have the potential to suffer as a result of action taken by humans and/or 
digital beings, but these possible minds are beyond the scope of the policy 
desideratum of Bostrom et al. [1]). Therefore, Tomasik [4] points out that it 
is “plausible that suffering in the future will be dominated by something 
totally unexpected” (p. 4). In other words, digital minds may experience 
completely different and for us not imaginable unpleasant qualia. Bostrom 
et al. [1] summarise that “the combinatorial space of different kinds of minds 
with different kinds of morally considerable interests could be hard to map 
and hard to navigate” (p. 16).

Because of the vastness of options for the wellbeing of minds, a heuristic 
may be considered to look at wellbeing as a third dimension of the orthogo-
nality thesis, which was developed by Bostrom [23] with the two dimensions 
of intelligence level and goals of minds. In other words, any level of intel-
ligence may be combinable with any final goal and any level of wellbeing.

Out of the vast range of options below, a few potential scenarios are 
presented.

Scenario 1: Sentient but non-suffering AIs

It is conceivable that AIs will be smart enough to overcome pain and 
suffering. This assumption may be justified by the fact that humans have 
made in a relatively few centuries of medical research remarkable prog-
ress towards remedies for pain, e.g., [26], and AIs are likely to be faster as 
well as smarter in this field. Potential options could be that AIs manage 
to create permanent wellbeing for themselves through different interpre-
tation of stimuli [1] or through wireheading yet by eliminating common 
detrimental effects. However, this scenario does not imply that there will 
not be (probably a large amount of) vulnerable sentient digital minds, 
e.g., human uploads and other less sophisticated but sentient digital 
minds, who are threatened with mind crimes and who ought to be pro-
tected. This scenario can also be linked to Pearce’s “Abolitionist Project” 
[27], which will be described below.

Scenario 2: AIs, for which suffering is an acceptable means to achieve  
their goals

In human culture, various examples of voluntary suffering for not-
survival-related goals are known, sometimes described by the theme “no 
pain, no gain”, e.g., for achievements in sports and arts as well as for 
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attempts towards religious spirituality. Similarly, AI minds are conceiv-
able, in which a utilitarian acceptance of certain suffering in pursuit of 
accomplishments towards other goals with higher priority (than the goal 
“not to suffer”) in return. As mentioned above, these goals can be arbi-
trary, according to Bostrom’s orthogonality thesis [23].

Scenario 3a: AIs that need to cause pain for own survival or goals

In our natural world, constant suffering of wild animals appears inevi-
table, e.g., due to the existence of carnivores [28, 29], yet some call for 
attempts to tackle this issue [27]. Another example in our current world 
is animal testing by humans for research purposes. Along these lines, an 
AI is also conceivable that needs to hurt or delete other sentient digital 
beings for its own survival or goals. An example would be an AI that 
runs simulations or reinforcement learning agents with suffering sentient 
digital minds for research purposes.

Scenario 3b: Sadistic or non-emphatic AIs towards other sentient digital  
beings

Moreover, there could also be (sentient or non-sentient) AIs that are sadis-
tic or non-emphatic towards other sentient digital minds although such 
behaviour is not required for the achievement of the AI’s goals (note that 
digital minds which are able to cause suffering are not necessarily sen-
tient). An example would be an AI that runs simulations or reinforcement 
learning agents with suffering sentient digital minds for entertainment.

An approach to address both scenarios could be to extend the research 
agenda of friendly AI, which is currently limited to a positive effect on 
human minds [25] and strive for AIs that do no harm to any sentient 
beings, neither out of necessity nor out of another motivation. This pro-
posal will be elaborated further below.

Scenario 4a: Sentient digital mind maximiser

Another scenario is similar to Bostrom’s paperclip maximiser [30], which 
is an AI with the goal to produce as many paperclips as possible. Along 
these lines, also an AI is imaginable with the goal to produce as many 
sentient digital minds as possible. This creates challenges if it is not in 
the interest of these minds to be deleted, which will be elaborated below.

Scenario 4b: Suffering sentient digital mind maximiser

In combination with Scenario 3b, there could also be a sadistic AI with 
the goal to produce as many suffering sentient digital minds as possible.

Scenarios xyz: Unknown unknowns
It is again acknowledged that there are a very high number of scenarios 

likely beyond our imagination due to the vast space of minds.
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1.3 � AI Welfare Science

In this chapter, an attempt is made to address the desideratum “interests of 
digital minds” by the term “AI welfare” and the concerned discipline by the 
term “AI welfare science”. As indicated before, this field is both largely unex-
plored and speculative, which explains the omission of a literature review 
and the analysis of existing data. We distinguish two components of AI wel-
fare or maltreatment of sentient digital minds, which are discussed sepa-
rately: (1) the interest of digital minds to avoid suffering and (2) the interest 
of digital minds to have the freedom of choice about their deletion.

1.3.1 � Suffering of Digital Minds—Introduction

Suffering abolitionism: First, Pearce’s “Abolitionist Project” [27] is discussed. 
Pearce calls for the use of technology, such as genetic engineering, to abolish 
existing—as well as prevent further suffering—of humans and non-human 
animals. While this approach appears technically very challenging, transfer-
ring it to sentient digital minds could be less difficult for two reasons.

There may have been not many sentient digital minds created yet if at all 
(unless, e.g., we live in a simulation). Therefore, the task may be mostly to 
prevent suffering when creating sentient digital minds rather than reengi-
neering them retroactively.

The genetic code, which determines animal cruelty and suffering, has 
evolved over a long period of time. Therefore, interventions are more com-
plex than adjusting more transparent AI software code written by humans, 
at least initially.

This leads to the conclusion that suffering-abolitionist research for sentient 
digital minds should be explored, which may also involve outsourcing it 
to AIs (see Scenario 1). The research should target both aspects not just for 
sentient digital minds not to suffer anymore but also for sentient and non-
sentient digital minds not to cause suffering of other sentient digital minds 
anymore (see Scenarios 3b and 4b).

If suffering-abolitionist activities do not succeed technically or turn out to 
be not enforceable due to other priorities (see Scenarios 2 and 3a), there may 
be suffering sentient digital minds, which is addressed in the remaining part 
of this section.

Self-report: In order to handle pain, it must be detected, located and quan-
tified. The prime method for humans is self-reporting, especially for the first 
two aspects but also for rough quantification, e.g., by letting patients rate 
pain on a scale from 0 to 10, with “0” referring to no pain and “10” referring 
to the worst pain imaginable. This method becomes challenging if patients 
are unable to (accurately) self-report pain, as it is the case, e.g., for patients 
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with dementia or brain injuries but also for infants. For these groups, other 
measurements based on behavioural parameters have been developed, such 
as the Face, Legs, Activity, Cry, Consolability scale for children up to 7 years 
[31] or the Pain Assessment in Advanced Dementia scale for individuals with 
advanced dementia [32]. Another challenge for self-reporting in general are 
biases such as the response bias or the social desirability bias, i.e., an individ-
ual’s tendency to report in a certain way irrespective of the actual perceived 
pain. This issue may be relevant for AIs too as they may fake self-reported 
suffering if deemed beneficial for pursuing their priorities.

Therefore, the focus below is on observational pain assessment. The term 
“AI welfare science” is derived from animal welfare science, and it is explored 
here to apply methods from this discipline. Non-human animals and digital 
minds have in common that they largely cannot communicate their state of 
wellbeing to humans, which is why other indicators are required (humans 
do understand for many animals their manifestations of distress, but this 
is neither comprehensive nor sufficiently precise). The scientific study of 
animal welfare has also been fairly recently introduced [33, 34], since this 
topic was neglected for a long time as mentioned above. The main indica-
tors, which are used to quantify animal welfare through observation, are 
functional (physiological) and behavioural; the latter was briefly introduced 
for humans above. The idea for this approach is that precedents and analo-
gies from animal welfare science may provide insights for sentient digital 
minds. Animal welfare science has to examine each species individually how 
to measure its wellbeing. Likewise, AI welfare science would have to address 
all types of sentient digital minds.

The overall methodology for any kind of psychological measurement is 
called “psychometrics”. Also, in psychometrics, the focus was for a long time 
on human subjects, but lately the field has been extended not only to non-
human animals but also to digital minds. For example, Scott et al. [35] and 
Reid et al. [36] introduced psychometric approaches to measure the quality 
of life of animals.

M. S. Dawkins [37] analysed what animals want and what animals do not 
want through positive and negative reinforcers. “Suffering can be caused 
either by the presence of negative reinforcers … or the absence of positive 
reinforcers” (p. 3). Therefore, animals strive for positive reinforcers and try to 
avoid negative reinforcers. Through experiments, e.g., preference tests, it can 
be examined what are positive reinforcers and what are negative reinforcers 
for certain animals.

Hernández-Orallo et al. [38] extended this field by introducing “Universal 
Psychometrics” as “the analysis and development of measurement tech-
niques and tools for the evaluation of cognitive abilities of subjects in the 
machine kingdom” (p. 6). While Hernández-Orallo et al. [38] focus on the 
measurement of intelligence and cognitive abilities, the methodology elabo-
rated in Hernández-Orallo [39] may be considered to be also applied to traits 
linked to suffering.
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The study of indirect or proxy indicators, such as the functional or behav-
iour parameters of digital sentient beings by applying psychometric meth-
ods, appears to be a promising start. Especially, given that, unlike for humans 
or non-human animals, functional and behavioural data of digital sentient 
beings can be collected more effectively as well as continuously due to their 
digital nature.

Functional parameters: While there are various functional parameters 
defined for AI algorithms—e.g., regarding their resource, time, and storage 
efficiency—no parameters are currently known to be indicating suffering. 
However, for future analysis of AI welfare, the collection of (big) data of 
functional AI parameters may be already now useful, would not cost much 
and may allow over time retroactively to identify parameters that indicate 
suffering.

Behavioural parameters: AI algorithms do repeat certain actions, even at 
times extensively, while other actions are never executed. However, until 
there is evidence to the contrary, this has to be considered as non-sentient 
goal-oriented but not suffering-avoiding behaviour, i.e., these actions cannot 
be seen as positive and negative reinforcers, respectively, as described by 
M.S. Dawkins [37] for animals. However, for future research of AI welfare, 
preference tests for AI algorithms could be conceptualised to examine posi-
tive and negative reinforcers. For example, disregarding challenges towards 
the experimental setup, AIs could be given choices for activities, which are 
either not related to their overall goal or would all lead to their overall goal, 
and the chosen—as well as the not chosen—activities could be analysed if 
they could serve as indicators for wellbeing or suffering, respectively.

This can be seen as constructive prolegomena towards the specification of 
the interest of digital minds to avoid suffering without neglecting a variety 
of challenges such as it is hard in general to prove for proxy indicators that 
there is indeed a close correlation between what is observed and unwellness 
of an animal and for now even harder for a digital mind. This is exacerbated 
by the risk that AI minds (more likely than animals) may fake, especially the 
behavioural indicators for unwellness if this supports to pursue their goals. 
Again, the vast space of (digital) minds has to be noted, if suffering can be 
specified for some sentient digital minds; for others, suffering may be indi-
cated through very different functional or behavioural parameters.

Broadly two categories of suffering of sentient digital minds may be 
revealed.

Maltreatment by other minds: This ought to be prohibited by policies and 
is elaborated below.

Suffering not caused by other minds. This resembles human illnesses and 
requires AI welfare science to be complemented by an extension of medi-
cal science as well as psychiatry to sentient digital minds. These disciplines 
would explore methods for the treatment of their suffering based on the 
established indicators and would differ significantly from conventional med-
ical science as well as psychiatry by being software-based.



16� Considerations on the AI Endgame

1.3.2 � Suffering of Digital Minds—Recommendations

Below, recommendations are provided to be adapted by AI welfare policies 
regarding suffering of digital minds.

Recommendation 1

Initiate research on AI welfare science to develop methods to create only 
(a) non-suffering sentient digital minds and (b) digital minds that cause 
no suffering. (Part (a) of this recommendation is sufficient to abolish suf-
fering, and if successful, part (b) is not required. In contrast, succeeding 
with part (b) is not sufficient since sentient digital minds may suffer for 
other reasons than suffering caused by other digital minds. However, 
research on both aspects is considered to be beneficial.)

Recommendation 2

Initiate research on AI welfare science to develop methods to reengineer 
(a) existing suffering sentient digital minds to become permanently non-
suffering and (b) existing digital minds not to cause suffering.

Recommendation 3 (Unless recommendations 1 and 2 are fully  
implemented)

Initiate research on AI welfare science to develop methods to measure 
through observation the suffering of sentient digital minds.

Recommendation 4 (Unless recommendations 1 and 2 are fully  
implemented)

Initiate research on AI welfare science to develop methods to cure the 
suffering of sentient digital minds.

Recommendation 5 (Unless all above recommendations are fully  
implemented)

Regulate the creation of sentient digital minds, which are doomed to suf-
fer. (Note that Bostrom et al. [1] also propose a desideratum “population 
policy”, which goes in a similar direction, but here the focus is on the 
wellbeing of individual minds, while this desideratum targets rather a 
bigger societal picture.)

On the one hand, it would reduce suffering if such minds are never cre-
ated. On the other hand, Scenarios 2 and 3a above show that the suffer-
ing of some sentient digital minds may be unavoidable because of more 
important priorities. Also similar to the debate about abortion because of 
potential disability, it could be argued that not to create them would be a 
discrimination of suffering sentient digital minds.
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1.3.3 � Deletion of Digital Minds—Introduction

Another set of questions towards AI welfare science is related to the deletion 
of sentient digital minds. What if certain digital minds have an interest not 
to be deleted in the same way as humans and other animals have an inter-
est not do die? Omohundro [40] introduces four likely drives for AIs, and 
self-preservation is one of them. One of the obvious differences is that for 
now, humans and other animals have a finite lifespan, while digital minds 
could have a potentially indefinite lifespan. This means if the wish for non-
deletion was granted to sentient digital minds, this would create significant 
computational costs, especially in light of easy copyability and potentially 
vast numbers of digital minds.

It is also speculative if a wish for non-deletion indeed prevails among sen-
tient digital minds given potential boredom and suffering over time [41]. 
While, unlike for humans and other animals, there should be no tendency 
for sentient digital minds that suffering increases by age, there could be vari-
ous other reasons for a sentient digital mind to suffer as discussed above. 
Moreover, there is the option that the concept of self-preservation originates 
from an anthropomorphic bias.

For a sentient digital mind, the distinction has to be made between turning 
it off and keeping its code and its history or turning it off and destroying the 
code and the history too. In the first case, the sentient digital mind could be 
rebooted again. This would be an option to skip boring or suffering periods 
by being only sentient during pleasant phases.

This leads to the next question: who should be able to control this? 
Complex nested constellations of controlling and being controlled sentient 
digital minds appear to be much more likely than a scenario with every sen-
tient digital mind being able to decide when and to what extent to be deleted 
(and being able to execute this deletion) and potentially under what circum-
stances to be rebooted.

Because of the current and probably persisting reality that humans as well 
as digital minds have the ability to delete other digital minds, policies are 
required if these are sentient digital minds.

1.3.4 � Deletion of Digital Minds—Recommendations

The recommendations below are provided to be adapted by AI welfare poli-
cies regarding deletion of digital minds.

Recommendation 6

Do not delete sentient digital minds if it is not in their interest.
However, prohibiting deletion can become very costly if not impossi-

ble, not only for the extreme Scenario 4, since the number of digital minds 
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could become vast in short time. The challenge may be alleviated, if by 
then, another step on the Kardashev scale has been reached and energy 
consumption is less of an issue [42].

Recommendation 7

Delete (irrevocably or temporarily by storing code and history) sentient 
digital minds if they wish for it but are unable to do it themselves.

This case resembles a request for (tentative) euthanasia. A challenge 
here could be if the concerned sentient digital mind is involved in rel-
evant computations for another valued cause. In that case, this cause may 
be prioritised over the wish of the digital mind to be deleted. While, for 
euthanasia of humans and non-human animals, it is considered critical 
that the act of ending the life is done in a pain-free and dignified manner, 
it is not clear if such contemplations are relevant for digital minds as, 
unlike for humans and non-human animals, there appears only one type 
of deletion, which is to turn them off.

Both recommendations face the above-discussed communication chal-
lenge, which is how a mind can indicate the wish to be deleted to another 
mind, which is in the position to execute this wish, also in light of the vast 
variety of minds.

While the above recommendations address all sentient digital minds 
equally and the focus of this chapter is on AIs because of the timely rel-
evance, brief reference is made to the scenario of uploaded human minds 
by highlighting specific aspects:

To begin with, for uploaded human minds, the communication chal-
lenge should not exist, and these then digital minds should be able to 
describe their wellbeing understandably through self-reporting. This 
and the fact that we have a good idea of causes for human suffering 
anyway may give cause for optimism that suffering-abolitionist inter-
ventions could be successful for uploaded human minds, either during 
the upload already or through adjustments later, also [12]. Additionally, 
both deletion-related recommendations are relevant for uploaded 
human minds. While a violation of Recommendation 6 equals murder, 
Recommendation 7 becomes applicable, e.g., if the uploaded mind can-
not cope with this new “life”. Hypothetical boredom over very long lifes-
pans may become an issue for uploaded human minds and was analysed 
by Ziesche and Yampolskiy [41]. This and other types of mental suffer-
ing of uploaded human minds, perhaps caused by adaptability issues to 
the new substrate, would have to be addressed by the above-mentioned 
sub-branch of AI welfare science, which is extended and software-based 
psychiatry.

This section introduced relevant groundwork for AI welfare policies. Policies 
can only be developed after the interests of the stakeholders—i.e., the sen-
tient digital minds—have been described and specified. While the interest to 
avoid or minimise maltreatment has been outlined before, the specification 
of this interest is harder to establish, for which this section aimed to provide 
initial methods and recommendations.
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1.4 � AI Welfare Policies

This section aims to outline the next steps, which are the development as 
well as the enforcement of policies towards AI welfare.

Dafoe [2] motivates the relevance of AI governance and policies in general 
and provides a research agenda. Recently, considerations towards robot and 
AI rights intensified. Gunkel [43] points out that, so far, it has been mostly 
discussed what robots can and should do but not whether robots can and 
should have rights. Consequently, Gunkel [44] makes a philosophical case for 
the rights of robots. LoPucki [45] defines an algorithmic entity and focuses 
on legal aspects such as rights to privacy, to own property, to enter into con-
tracts, etc. It is striking that these authors do not refer to each other and nor 
to the earlier work by Bostrom and Yudkowsky [10] about ethics of artifi-
cial intelligence. In a more inclusive analysis, Yampolskiy [46] highlights the 
risks, which empowerment of AIs may entail.

This indicates that some work on policies of specific rather short-term AI 
aspects has been initiated, but there are not any policy attempts yet towards 
long-term AI scenarios. Especially for a topic such as AI welfare, Bostrom 
et al. [1] presume that it will likely face resistance, and opponents will stress 
the lack of evidence that digital minds may be sentient. As mentioned above, 
there has been already quite some (yet theoretical due to the nature of the 
subject) work done that digital minds have a moral status, but for policies, 
specifications are required.

For policies in general, the content, target group, institutional framework, 
and implementation have to be defined.

1.4.1 � Content

The broad content of an AI welfare policy is fairly straightforward and has 
been narrowed down by Bostrom et al. [1], i.e., to demand “that maltreatment 
of sentient digital minds is avoided or minimized”. This has to be fleshed out 
by (proxy) indicators for maltreatment of digital minds and for the specifica-
tion of which the recommendations above have been formulated. These rec-
ommendations at this stage provide not only a wide field of research but also 
some open debates, which resemble current long-standing debates about 
population control, abortion, and euthanasia for human minds.

1.4.2 � Target Group

An AI welfare policy should target all relevant moral agents, which are capa-
ble of moral judgments and hence can be held responsible for their actions. In 
addition to humans, digital beings may also become moral agents, for which 
Allen et al. [47] introduced the term “artificial moral agent” and proposed 
a “Moral Turing Test”. The sets of moral agents and moral patients have an 
intersection but are not equal.
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Not every moral patient is a moral agent: Examples are non-human ani-
mals, which are only moral patients for being sentient, but not moral agents 
due to insufficient intelligence. Therefore, non-human animals cannot be 
held responsible for killing other animals, e.g., [48]. (In this regard, a scenario 
is conceivable of a digital mind that causes suffering, but may not be intel-
ligent enough to serve as a moral agent. In this case, the creator of this digital 
mind would have to take on the role of the responsible moral agent, while it 
does not work for cruel non-human animals to hold their parents responsible 
since they are no moral agents either.)

Not every moral agent is a moral patient: examples would be certain non-
sentient digital beings, which are only moral agents because of high or even 
superintelligence but not moral patients since not all digital beings may be 
sentient.

This creates an additional challenge for AI welfare policies: while policies 
for human agents have been established for centuries, this is not the case for 
policies for digital agents. However, the extension of the target group is nec-
essary since it is likely that digital beings will be in the position to maltreat 
other sentient digital beings.

1.4.3 � Framework

Any policy requires an institution or a framework for its implementation. 
Since AI development is a global effort and digital minds will not be con-
fined to frontiers of countries, a global and unified institution is desirable. 
Erdelyi and Goldsmith [49] propose an “International Artificial Intelligence 
Organization”. The structure of this institution would resemble existing 
intergovernmental organisations, which have a record of successfully estab-
lished policies for human minds, e.g., the Universal Declaration of Human 
Rights (see ​https://​www.​un.​org/​en/​universal-​​declaration-​​human-​​rights/). 
Such an institutional setting may be initially desirable as a regulatory frame-
work for short-term AI issues, but it may be too anthropocentric in the long 
run and likely be ill equipped to hold non-human moral agents accountable, 
as is elaborated below. (Already without involvement of non-human minds, 
contemporary international institutions such as the International Criminal 
Court face problems to enforce their rulings although they are binding.)

1.4.4 � Implementation

First, the initially introduced relevant questions and required attitudes and 
capability are reiterated:

Relevant questions for AI welfare science:
	•	 How can maltreatment of sentient digital minds be specified?
	•	 How can the maltreatment be prevented or stopped?

https://www.un.org/en/universal-declaration-human-rights/
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Required attitude and capability for AI welfare policies:
	•	 To endorse the prevention and the stop of the maltreatment of sen-

tient digital minds.
	•	 To have the power to enforce suitable policies.

Looking at humans, the above questions will—despite the prolegomena 
delivered here—remain very challenging, i.e., humans may not compre-
hensively understand on what conditions sentient digital minds are mal-
treated. In light of ethical progress in human history over time, e.g., [21], or 
out of necessity, if being forced by more powerful AIs, there is a chance that 
humans endorse the prevention and the discontinuation of maltreatment of 
sentient digital minds. However, it is questionable if humans have the power 
to enforce suitable policies, since some members of the target group such as 
AIs are likely to be much more powerful.

This leads to the main conclusion that, while humans will ideally make 
some progress in the new field of AI welfare science, probably the more 
appropriate actor would be an extended friendly superintelligence for the 
following reasons: there is a chance that superintelligence has the answer 
to the above questions, e.g., through mind-control technologies. As for the 
required endorsement, superintelligence may be indifferent or may even 
have opposing interests (see Scenarios 3b and 4b). Current activities towards 
AI alignment focus on human interests, e.g., [18, 25, 50]. This does not ensure 
that AIs endorse the prevention and the stop of the maltreatment of sentient 
digital minds. Therefore, an extension of the AI alignment work towards the 
wellbeing of not only humans but also all sentient digital minds is proposed. 
As for the required power to enforce the policies, a superintelligence is by 
definition sufficiently powerful, e.g., in the role of a singleton [51].

Yet again the option of unknown unknowns should be highlighted. Since 
AI is a new stakeholder and develops in unpredictable manner, another 
institutional setting for AI welfare policies may emerge, which differs sig-
nificantly from what we are familiar with.

1.5 � Discussion

In summary, it is acknowledged that the topics of AI welfare science and pol-
icies are long-term considerations and currently speculative. Nevertheless, at 
least theoretical groundwork can be already done, especially since humans 
have to take the blame to have been late in the past in the abolishment of dis-
crimination and acceptance of comprehensive antispeciesism and sentiocen-
trism. Since suffering is a negative hallmark of our time, any effort to reduce 
it in the future seems imperative.
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As the main challenge, the specification of indicators for maltreatment 
of sentient digital beings has been identified. It has been proposed that AI 
welfare science builds on methods of animal welfare science by examining 
functional and behavioural parameters of sentient digital minds. However, 
limitations are that the focus is on qualia, which are not well understood in 
general and which are not the only cause of suffering as there are other cat-
egories such as moral suffering or suffering because of undesirable events or 
unfulfilled goals. The latter types of suffering may have yet again very differ-
ent characteristics in other minds.

AI welfare policies can only be developed once a solid specification of AI 
welfare has been achieved. Even then there are further challenges ahead, 
namely the enforcement of these policies in light of the enlarged target group 
towards digital agents. For this, it has been proposed not to limit AI align-
ment work to the wellbeing of merely humans but to extend it to all sentient 
digital minds.

As for future work, in this chapter, the focus was on two (already very 
complex) potential interests of sentient digital minds, which are absence 
from qualia-based suffering as well as survival, but there may be other inter-
ests as also pointed out by Bostrom et al. [1] such as “dignity, knowledge, 
autonomy, creativity, self-expression, social belonging” (p. 12) as well as non-
qualia-based suffering and yet again unknown unknowns, which are all yet 
unexplored.
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2
Do No Harm Policy for Minds 
in Other Substrates

Soenke Ziesche and Roman V. Yampolskiy

2.1 � Introduction

Due to recent technological progress, it appears to have become more real-
istic to enhance human minds or even transfer them to other substrates. In 
this introduction, we set out four assumptions, followed, in the next sec-
tion, by formulating a problem to which they lead. In summary, we argue 
that enhancement and substrate-transfer scenarios are 1) desirable, 2) may 
become feasible, 3) could even be inevitable in order to tackle the multi-agent 
value merger towards AI safety, but 4) may affect other sentient minds.

	 1)	Desirability: The transhumanist movement has for some time advo-
cated the enhancement of human minds [e.g., 1]. Bostrom illustrates 
the desirability of enhanced human capacities by describing potential 
enhancements related to health span, cognition and emotions [2]. The 
potential scenario when the quality of virtual worlds has reached a 
level where human minds prefer them to the physical world has been 
called by Faggella “Programmatically Generated Everything” [3].

	 2)	Feasibility: Two main categories are distinguished here [e.g., 4]: 
Virtual worlds comprise virtual and augmented reality through 
ever-improving devices that are experienced by a biological human 
mind. Uploads refer to the potential transfer of human minds to other 
physical substrates, e.g., a computer. While virtual worlds have been 
implemented already with progressing quality [e.g., 5], the feasibility 
of uploads has also been suggested, e.g., by Sandberg’s and Bostrom’s 
roadmap for whole brain emulation [6] and some others [e.g., 7, 8].

	 3)	Inevitability: AI safety is of paramount importance and requires 
undertaking various challenges, of which the multi-agent value 
merger within the multi-agent value alignment problem is one of the 
hardest. As a solution, Yampolskiy proposes Individual Simulated 
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Universes (ISUs), which are personalised simulations created by 
superintelligent AIs for all human minds [9]. Yampolskiy argues 
that this approach would have the additional benefit of providing 
unprecedented potentials as well as more and lasting happiness 
to the human minds experiencing ISUs. This affirms the assumed 
desirability of such an endeavour.

	 4)	Involvement of other sentient minds: Various authors argue that already 
now, or in the future, sentient digital beings or minds may exist, and 
they may, e.g., constitute subroutines as well as non-player char-
acters (NPCs) in video games, simulations or other computational 
substrates [10–14]. This implies that computational substrates for the 
enhancement and transfer of human minds will also contain other 
sentient beings, since NPCs and subroutines are essential compo-
nents of them.

2.2 � Problem Formulation

It has been argued that sentient digital minds have a moral status because 
of their feature of being sentient [10–14]. However, in the discussion about 
enhancement and transfer of human minds to other substrates, the focus is 
usually on the advantages and opportunities for human minds, while any 
potential suffering experienced by the sentient beings inherent to these sub-
strates has mostly been neglected.

Tomasik formulated the problem as follows:

Imagine a posthuman paradise in which advanced human-like beings 
are simulated in blissful utopian worlds, never experiencing (access-
conscious) suffering. Their minds might nonetheless contain suffering 
subroutines, such as neural signals that fail to win control of action, or sig-
nals within cognitive modules that are inherently inaccessible to explicit 
report. In addition, the machines running such simulations might them-
selves contain suffering subroutines, such as in their operating systems.

[12]

Although this is speculative, in such a scenario, the overall suffering per 
computational substrate might outweigh the bliss of the transferred human 
mind, which defeats the original purpose. This would actually be one exam-
ple to support concerns that technical developments may increase risks of 
astronomical suffering [e.g., 15].

Before moving on, we will turn to potential objections regarding the 
assumptions and the problem.
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Could it be possible that neither subroutines nor NPCs are sentient? Yes, this 
could be possible, since sentient digital minds are speculation. Simple sub-
routines or NPCs, which consist of some if statements only, are probably non-
sentient; hence, here is a comment by Bostrom et al.:

Policymakers are unaccustomed to taking into account the welfare of 
digital beings. The suggestion that they might acquire a moral obliga-
tion to do so might appear to some contemporaries as silly, just as laws 
prohibiting cruel forms of recreational animal abuse once appeared silly 
to many people.

[10, p. 16]

Given human beings’ track record of causing immense suffering thanks to 
recognising ethical issues too late, and in order not to repeat such mistakes, 
we should step cautiously here. The potential suffering of sentient digital 
minds in computational substrates created for the enhancement and transfer 
of human minds should be given serious consideration and be addressed in 
a timely way [10, 14]. We assume, therefore, there might be sentient subrou-
tines and NPCs in computational substrates, and this subset of subroutines 
and NPCs provides the focus for what follows.

Could it be possible to create such computational substrates without subroutines? 
The answer has been provided by Tomasik: “Eliminating suffering on the 
part of simple computational processes seems impossible, unless you dis-
pense with computation altogether” [12].

Could it be possible to create such computational substrates without NPCs? In 
theory, computational substrates for the enhancement and transfer of human 
minds devoid of any NPCs are possible, but it then becomes very question-
able whether our desirability assumption is fulfilled. Yampolskiy has pro-
posed ISUs in order for human minds to be happy, and, perhaps with a very 
few exceptions, it is hard to imagine human minds being enduringly happy 
without any social interaction with other minds [9].

Therefore, we face a challenge: given the desirability, feasibility and inevi-
tability of ISUs, how can the suffering of other sentient beings be avoided, 
or at least reduced, in computational substrates for the enhancement and 
transfer of human minds?

2.3 � Typology of Relevant Minds

The space of all minds has been described as vast [e.g., 16–18]. In order to 
tackle the problem as we’ve defined it, we first present a typology to establish 
which subset of this vast space might comprise the relevant computational 



Do No Harm Policy for Minds in Other Substrates� 29

substrates. As indicated, we distinguish two main categories of sentient digi-
tal minds: NPCs and subroutines.

2.3.1 � NPCs

The term “non-player character” originated in the realm of gaming and has 
been defined as any character that the player does not control. In recent times, 
the complexity of NPCs has evolved significantly, and the concept has also 
been transferred to virtual worlds and simulations. Tomasik has broached 
whether NPCs matter morally [13], while Warpefelt and Verhagen have pre-
sented a suggestive typology, based on the video game domain, with the 
following roles for NPCs:

Buy, sell and make stuff, provide services, provide combat challenges, 
provide mechanical challenges, provide loot, give or advance quests, 
provide narrative exposition, assist the player, act as an ally in combat, 
accompany the player, and make the place look busy.

[19, pp. 7, 8]

Such existing typologies are, however, much too narrow, as well as too 
anthropomorphic to classify the NPCs likely to be found in upcoming envi-
ronments for enhancement and transfer of human minds. Detailed typolo-
gies are not possible at this point, since future NPCs may be unimaginably 
alien, given that in future virtual worlds and ISUs, basically anything might 
be possible [e.g., 5, 9, 20].

What matters here instead is the question: What might cause NPCs to suffer 
in virtual worlds and ISUs? Three categories can be distinguished:

	•	 The enhanced/transferred human mind intentionally causes NPCs 
to suffer.

	•	 The enhanced/transferred human mind unintentionally causes 
NPCs to suffer.

	•	 NPCs suffer, but this is not caused by actions of the enhanced/trans-
ferred human mind.

The first category resembles the concept of mind crime, introduced by 
Bostrom with AIs as the perpetrators [21]. In this case, the enhanced/trans-
ferred human mind knows about the consequences of her or his activity but 
experiences sadistic pleasure or has other objectionable motivations.

For the second category, suffering might be caused by the alien features of 
the NPC, as a result of which the enhanced/transferred human mind is not 
aware that he or she is causing suffering. As a result of the activities of the 
enhanced/transferred human mind, the NPC might undergo aversive sen-
sory experiences that the enhanced/transferred human mind cannot imagine.
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The third category comprises potential suffering by NPCs when not inter-
acting with the enhanced/transferred human mind. For example, the NPC 
might be suffering from boredom because of a different subjective rate of 
time, which could be an “exotic property” of NPCs [22]. NPCs might, more-
over, harm each other, thereby causing suffering. In addition, there might 
be as many more potential ways of suffering as there are possibly unknown 
unknowns regarding aversive sensory experiences of digital minds.

Another helpful distinction would be between friendly or neutral NPCs 
and hostile NPCs, since the intentional causation of suffering toward hos-
tile NPCs by the enhanced/transferred human mind might be considered 
self-defence.

2.3.2 � Subroutines

Given the lack of evidence, it is challenging to develop a typology of sub-
routines that relate to suffering in computational substrates for the enhance-
ment and transfer of human minds. Here we can distinguish whether the 
subroutines are executed within the mind of the transferred human or in 
other parts of the computational substrate. The latter require further speci-
fication as those subroutines that do not constitute NPCs (since NPCs have 
already been discussed). Again, based on the possibility of very alien NPCs, 
this distinction is not simple: i.e., there might not be a clear-cut line as to 
what features are required for subroutines to count as NPCs. Nevertheless, 
for our current purposes, this is not a problem, since we aim to explore the 
prevention of suffering for both NPCs and subroutines. Note, however, 
that for non-NPC subroutines, there appears to be no scenario in which an 
enhanced/transferred human mind could intentionally cause or prevent 
suffering, regardless of whether the subroutines are within or outside her/
his mind.

2.4 � Partial Policy Solution

In a recent paper, Bostrom and his collaborators formulated the desidera-
tum “that maltreatment of sentient digital minds is avoided or minimized” 
[10, p. 18], and elsewhere Bostrom has encouraged addressing this issue 
early “while the artificial agents we are able to create are still primitive” [11, 
p. 2]. As a follow-up, we recently termed this field of research “AI Welfare 
Science” [14]. The aim here is to reduce or prevent the suffering, as well as the 
unwanted deletion, of digital sentient minds. At the same time, we offered 
recommendations for AI welfare policies. Sotala and Gloor have also pre-
sented recommendations on this issue [15, p. 10].
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Since there is no evidence that digital minds are incapable of sentience or 
immune to suffering, and since AI Welfare Science, which is in its very early 
stages, has not yet developed methods to abolish suffering of digital minds, 
policies are required to prohibit an enhanced/transferred human mind from 
causing suffering.

Owing to the alienness of the new environment, the enhanced or transferred 
human mind is likely to face challenges in its efforts to identify the suffering 
of the NPCs with which she/he is interacting. Suffering might be observed 
through either physiological/functional or behavioural indicators [14].

Behavioural indicators, which comprise self-reporting, have the disadvan-
tage, in both the real world and a computational substrate, that they can be 
deliberately faked, which could include the possibility of non-sentient NPCs 
presenting as sentient and suffering.

Physiological/functional indicators, by contrast, are more impartial and hence 
more suitable for use in real life for objective pain assessment in humans 
and non-human animals [e.g., 23]. Cowen’s team studied markers to mea-
sure pain, such as changes in the autonomic nervous system, biopotentials, 
neuroimaging, biological (bio-) markers, and composite algorithms [23]. 
Although the identification of parameters that correlate with pain intensity is 
challenging, progress has been made, and, e.g., the nociceptive flexion reflex 
turned out to be a reliable and objective tool for measurement of pain [24].

Transferred to computational substrates, this issue should be more trac-
table as, unlike in the real world, everything is measurable precisely as well 
constantly. If suffering, such as pain, can also affect digital minds, then there 
must be quantitative indicators for this, which are called here “computa-
tional”. This leads to our main proposal for a do no harm policy for minds in 
other substrates:

For the development of computational substrates that have the purpose 
of accommodating human minds, it is mandatory that the transferred 
human mind in such a substrate be equipped with sensory perception, 
through which she/he perceives computational indicators of suffering of 
the NPCs with whom she/he interacts.

If the stimuli of these indicators reach the threshold of suffering, the 
human mind ought to stop any activities that cause the suffering.

Since exploring qualia is a difficult problem [25], we emphasise quantita-
tive and objective physiological/computational indicators. If there was an 
option to let the transferred human mind compulsorily perceive directly any 
unpleasant qualia he/she might causing to local NPCs, this would be even a 
stronger tool to prevent the transferred human from doing harm, but this is 
too speculative at this stage.

Either way, through this policy, the term empathy is taken literally, since the 
transferred human mind would perceive precise indicators of the effects of 
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his/her actions toward NPCs. Moreover, the policy can be seen as an attempt 
toward mind crime prevention. This approach is also in line with our pre-
vious AI Welfare Science recommendations, which encourage developing 
methods to measure the suffering of sentient digital minds through physi-
ological/functional or behavioural parameters [14].

In the following specifications, we elaborate opportunities and gaps, as 
well as the bigger picture and future work related to the proposed do no 
harm policy.

2.5 � Specifications

The following points further elaborate the policy:

	•	 Through this policy, the first two categories of suffering in virtual 
worlds are covered. For intentional maltreatment of an NPC, pass-
ing the threshold of suffering indicators will be expected by the 
enhanced/transferred human mind and will ideally be avoided. In 
cases of unintentional maltreatment, the enhanced/transferred human 
mind will need to learn about, and understand, the aversive sensory 
experiences of the affected NPC.

	•	 The alternative option would be to simply prohibit enhanced/trans-
ferred human minds from harming other NPCs—similar to much 
legislation in the real world. However, this may not be workable 
without the sensory perception of suffering indicators, since the 
enhanced/transferred human mind, even if she/he has the best 
intentions, likely does not know sufficiently when and how NPCs 
suffer. The barrier to understanding is the likely alienness of an 
NPC’s mind. The sensor should, therefore, be embraced as an oppor-
tunity provided by the potential of the computational substrate.

	•	 It could be argued that the sensor triggers only once the pain of the 
NPC has commenced, and so the policy does not thoroughly pre-
vent suffering. However, similarly to the development of infants, 
the enhanced/transferred human mind will gain experience literally 
through machine learning over time. Ideally, it will learn to prevent 
an NPC’s suffering before it occurs.

	•	 If the enhanced/transferred human mind does not obey the rules, 
he/she may be punished. If passing the threshold of the suffering 
indicators does not trigger the enhanced/transferred human mind 
to stop causing pain to an NPC, an option could be to stop the 
activities that cause suffering automatically—taking control from 
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the enhanced/transferred human mind that has breached the do 
no harm policy. In this case, the degree of freedom within an ISU 
or other computational substrate—which is anyway an illusion—
would be restricted.

2.6 � Opportunities

The proposed do no harm policy incorporates various opportunities relating 
especially to the important topic of empathy:

	•	 Empathy is a notable human ability to detect manifestations of dis-
tress in other humans (and to some extent in non-human animals). 
However, the accuracy of human empathy varies, particularly when 
it comes to animals. The do no harm policy harnesses the potential 
of computational substrates to allow for enhanced cognition, thus 
optimising precise empathy to the extent of the literal meaning of the 
word. An additional positive effect of this approach is that it over-
comes the anthropomorphic bias of empathy, a step that is necessary 
for interaction with alien minds.

	•	 It appears that the function of empathy for humans is to prompt 
action to reduce the suffering of the other mind, provided this is 
within his/her capacity. However, it has been claimed that this step 
is, in real life, not taken inevitably [e.g., 26]. The do no harm policy 
addresses this issue, insofar as it is more likely that the enhanced/
transferred human mind will attempt to end the NPC’s pain if she/he 
is obliged to perceive the extent of the pain. (Enhanced/transferred 
human minds with sadomasochistic tendencies might constitute a 
troubling exception.) This kind of artificially enhanced empathy can 
be seen as a building block for artificial conscience [e.g., 27].

	•	 Due to the almost unlimited options in computational substrates 
such as ISUs, these could also be programmed so that an enhanced/
transferred human mind perceives not only the aversive sensory 
experiences of the NPCs that it interacts with but also NPCs’ pleas-
ant experiences. Thus, artificially enhanced empathy would cover 
the whole range of experiences of NPCs. However, that might be 
up to the enhanced/transferred human mind to decide. In order to 
create conditions that prevent suffering, it suffices if the enhanced/
transferred human mind perceives the aversive experiences.

	•	 Elsewhere, we treat the unwanted deletion of sentient digital minds 
as a distinct topic within AI Welfare Science [14]. Regarding NPCs 



34� Considerations on the AI Endgame

and subroutines in virtual worlds and ISUs, this issue is again more 
straightforward for NPCs than for subroutines. The unwanted dele-
tion of NPCs by an enhanced or transferred human mind should 
be forbidden apart from exceptional cases of self-defence. By con-
trast, the deletion of subroutines might be unavoidable, and it might 
often be neither controlled nor noticed by the enhanced/transferred 
human mind.

2.7 � Gaps

The policy proposal is partial and at an early stage, since, e.g., it does not 
address the following cases:

	•	 As mentioned above, a special case would be hostile or evil NPCs. 
Options would be to exclude hostile NPCs entirely (by a separate 
policy) or to accept causing suffering to them as self-defence.

	•	 A way must be found to prevent NPCs from harming each other, 
as this would increase the overall suffering in the computational 
substrate.

	•	 In this regard, two other undesirable activities of potentially violent 
or sadistic enhanced/transferred human minds have to be consid-
ered. Such a mind might enjoy observing NPCs harming each other—
similar to human enjoyment of a cockfight—or might instruct NPCs 
to maltreat other NPCs. In either case, the policy would be bypassed, 
and the sensor would not be triggered since the human mind would 
not be not causing the suffering directly.

	•	 Furthermore, NPCs might still suffer for reasons not linked to actions 
by an enhanced/transferred human mind or by other NPCs, e.g., 
because of boredom or alien aversive perceptions.

	•	 It could be an option that the sensor detects the aversive experiences 
of these NPCs, and the enhanced/transferred human mind thus is 
encouraged to help them, just as altruistic humans help others with-
out having caused the misery. However, this 1) might be challenging 
for alien types of suffering and 2) might to some extent defeat the 
purpose of the virtual world or ISU for the enhanced/transferred 
human mind to enjoy complete freedom.

	•	 Lastly, the do no harm policy does not cover the even-more-elusive 
potential suffering of subroutines.
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2.8 � Bigger Picture and Future Work

Not only, because of the gaps we have outlined, should our policy proposal 
be seen as only a beginning, to be embedded in a bigger picture and with 
various directions for future work:

	•	 Yampolskiy has described a superintelligent AI exercising control 
of ISUs, which would likely also apply to other computational sub-
strates sophisticated enough to simulate human minds [9]. Such an 
AI would also be essential for the implementation of the policy pro-
posed here, and therefore, ensuring the safety and friendliness of the 
AI is crucial as well as challenging [17, 28].

	•	 In an earlier paper [14], we proposed that the overarching goal should 
be suffering-abolitionism as elaborated by Pearce, yet transferred to 
digital environments and ISUs in particular, which Pearce did not 
incorporate [29]. Since suffering-abolitionism has not yet succeeded, 
and since the prevention of suffering has a moral urgency, we have 
proposed the policy sketched above.

	•	 In the real world, research is being conducted toward crime predic-
tion through big data such as mobile phone data [e.g., 30]. This kind 
of “mind crime prediction” could also be applied to a computational 
substrate where the available data are much more abundant and 
precise, since the potential culprits are permanently monitored and 
recorded like every computation in the substrate.

	•	 Artificially enhanced empathy could provide further positive effects. 
For example, this scenario could be envisaged as a training or cure 
for transferred human psychopaths or sociopaths.

	•	 An interesting, but complex, challenge would be to compare the 
suffering caused by a human mind in the real world, e.g., by abjur-
ing veganism, by killing insects, and so on, compared to the suf-
fering caused by the same human mind after being enhanced or 
transferred to another computational substrate. Ideally, the latter 
would be less.

In summary, we have offered a partial solution to the problem of reducing 
or avoiding potential suffering of NPCs in computational substrates for the 
enhancement and transfer of human minds. Beyond this, we have sought 
to identify some neglected and remaining issues. The innovative concept 
and our demand for artificially enhanced empathy provide a contribution to 
urgently required AI policies and to AI safety.
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3
Introducing the Concept of Ikigai to the 
Ethics of AI and of Human Enhancements

Soenke Ziesche and Roman V. Yampolskiy

3.1 � Introduction to Ikigai and Time Use Research

Ikigai refers to a Japanese concept, which can be translated as “reason or 
purpose to live”. It comprises those activities of life, which provide satisfac-
tion and meaning.

Obviously, other cultures and philosophers have contemplated similar 
questions and concepts, such as the French “raison d’être” or the Greek 
“eudaimonia”, yet for consistency, we use the term ikigai here, which cap-
tures what we intend to convey.

At the same time, in recent years, Western authors have “discovered” the 
topic of ikigai, which resulted in various popular scientific publications, [e.g., 
1], and which is not further elaborated here since these approaches are often 
based on misconceptions and limited, e.g., by linking ikigai to somebody’s 
professional career only. Therefore, the original works about ikigai are more 
appropriate as well as sufficient for us.

As Kamiya, one of the earliest ikigai theorists, pointed out, ikigai has 
various connotations [2]. An important distinction is described by the two 
aspects: ikigai kan and ikigai taishō, [e.g., 3]. Ikigai kan expresses feelings of 
satisfaction, wellbeing and a life worth living, and thus, it is a state of mind, 
while ikigai taishō comprises activities, experiences and circumstances, which 
lead to such feelings, and thus, it is rather a process. An important feature in 
Japanese culture is for individuals to reflect extensively towards a suitable 
ikigai taishō. Once a person has identified a personal ikigai taishō, she or he 
embraces the associated activities towards his or her subjective ikigai kan.

Examples for ikigai taishō include family life, hobbies, professional occu-
pations and other social activities, especially, but not only such activities, 
which help others. Ikigai taishō can comprise a variety of activities from 
small everyday rituals to the pursuit of complex goals.

As we will specify below, one of the reasons for the interest in the concept 
of ikigai in recent years is that studies have revealed a correlation between 
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pursuing an individual ikigai and health and hence longevity. In other 
words, if humans have nothing what makes their life worth living, then this 
leads not only to unhappiness but also impacts their health and thus their life 
expectancy. Therefore, it is desirable to maximise the number of humans (or 
sentient digital minds in general, see below) who have found an ikigai and 
to allow them to pursue it.

In this regard, we also have to explore likely disruptions by upcoming 
technologies such as AI and human enhancements, e.g., through extended 
reality (XR). XR refers to any combinations of real and virtual environments, 
which are increasingly refined [4]. The topic of ikigai has so far not been 
linked to these technologies. Below we introduce visionary contemplations 
of XR, which look at the wellbeing and happiness of humans. Yet this is the 
static ikigai kan part, while the necessary ikigai taishō part (towards ikigai 
kan) appears to have been neglected, which would be the related day-to-day 
activities of humans in times of AI and human enhancements.

Due to both the significance of finding and pursuing an ikigai for humans 
as well as the expected disruption of our daily lives by AI and XR, it is argued 
here that the facilitation of ikigai should be an indispensable part of ethics for 
AI and XR. Two dimensions are foreseeable:

Currently, common ikigai activities may disappear, e.g., certain profes-
sional occupations, which are by many treated as their ikigai.

New, currently unknown ikigai activities may appear owing to new pos-
sibilities through AI and XR.

If this challenge is not prudently and timely addressed, we foresee what 
we call “risk of ikigai loss” or “i-risk”. This can be seen as another level of 
the terms x-risks and s-risks introduced by others before. Bostrom coined 
and described x-risks or existential risks, which may lead to annihilation of 
life on earth [5]. Althaus and Gloor added the category of s-risks or suffering 
risks, which may increase suffering drastically [6]. While x-risks and s-risks 
are critical criteria to define undesirable scenarios, we argue that in addition, 
scenarios are to be avoided, in which humans are alive and not suffering per 
se but are devoid of any ikigai. This could be a world where ikigai activi-
ties have vanished or humans are prevented to find and pursue their ikigai. 
Risks, which may lead to such scenarios, we call i-risks.

In order to address i-risks, this chapter aims to introduce relevant syner-
gies between the traditional concept of ikigai and the fields AI safety, human 
enhancement and AI welfare. For a scientific foundation, we introduce first 
the two concepts of metrics for ikigai and time use research.

3.1.1 � Metrics for Ikigai

It can be objected that ikigai is an intangible concept; hence in order to sci-
entifically discuss ikigai, metrics are required. We look at two dimensions of 
measurements:
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To verify that having found and pursuing an ikigai is correlated with 
health and longevity.

To examine whether a suitable ikigai taishō for individual people can be 
calculated.

For the first topic, research has been conducted not only regarding ikigai 
in Japan but also in general regarding the purpose of life, [e.g., 7]. More spe-
cifically, e.g., Sone et al., Tanno et al. and Tomioka et al. concluded that, for 
Japanese people, having an ikigai is associated with health and longevity  
[8–10]. Since ikigai can have diverse manifestations, lists have been devel-
oped to assess multidimensional aspects of ikigai instead of merely asking 
subjects whether they found an ikigai. For example, Imai proposed “ikigai-
9”, which comprises nine sub-themes of ikigai [11].

For the second topic, no existing specific research has been found. However, 
e.g., Helliwell et al. analyse happiness and wellbeing in the annual “World 
Happiness Report”. They also look at big data approaches and came to the 
conclusion “that Big Data is increasing the ability of researchers, govern-
ments, companies, and other entities to measure and predict the wellbeing 
and the inner life of individuals” (p. 119) [12].

While this is more associated with the static ikigai kan, we propose that big 
data could also be used to calculate related ikigai activities, i.e., ikigai taishō.1 
There are different categories of big data. For happiness measurement, espe-
cially user-generated digital content, e.g., on social media, is relevant, from 
which wellbeing can often be directly derived. Other big data may require 
more, usually AI supported, analysis to uncover information about individu-
als’ tastes and choices. Overall, this may also lead to insights about the indi-
viduals’ pursuit of ikigai activities. Also, a comparison with dating apps and 
the associated algorithms may be suitable. Algorithms could be developed 
and, through machine learning, improved, which suggest potentially match-
ing ikigai activities to individuals instead of potentially matching partners.

We also note that big data carry significant privacy concerns in general 
and for ikigai research in particular, since the quest for ikigai is traditionally 
considered a private reflection. However, the benefits and drawbacks have 
to be weighed: If metrics and methods can be developed to find ikigai for 
people, thus, to increase their happiness and health, this may outweigh the 
privacy issues.

3.1.2 � Time Use Research

Another relevant field of study for this chapter is time use research, which 
examines how humans on average allocate their time to certain activities. 
The main methodology in this regard is statistical time use survey, which are 
being conducted periodically in different countries. For example, Charmes 
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provides a comparative analysis of 102 time use surveys carried out in 65 
countries, which reveals significant differences of time use between different 
countries as well as between different sexes [14].

In order to allow comparison between time use surveys, standardised cat-
egories of activities are required. One leading example is the International 
Classification of Activities for Time-Use Statistics (ICATUS) from 2016, 
which has the following nine categories on the top level and various further 
sub-categories:

	•	 Employment and related activities
	•	 Production of goods for own final use
	•	 Unpaid domestic services for household and family members
	•	 Unpaid caregiving services for household and family members
	•	 Unpaid volunteer, trainee and other unpaid work
	•	 Learning
	•	 Socialising and communication, community participation and reli-

gious practice
	•	 Culture, leisure, mass media and sports practices
	•	 Self-care and maintenance

The categories are mostly self-explanatory; hence, we just mention that sleep-
ing is part of self-care and maintenance. An older but also relevant classifica-
tion is the one by Ås, which distinguishes the following four categories [15]:

	•	 Necessary time: Time spent on activities for physiological needs.
	•	 Contracted time: Time that human beings spend to fulfil the con-

tracts that they have made, most prominently for paid work.
	•	 Committed time: Time committed to fulfil responsibilities, most 

prominently towards family members and possessions.
	•	 Free time: The residual time left after performing contracted, com-

mitted and necessary time.

The last relevant classification introduced here is between primary and sec-
ondary time, which allows examining multitasking. In such situations, pri-
mary time refers to the main activity and secondary time to the side activity.

For our purposes, it is relevant to investigate 1) under which time use cat-
egories ikigai activities fall, 2) how much time people can devote to their 
individually ikigai activities and 3) how this may change in the future due 
to developments in AI and XR? As noted before, in particular, the first topic 
depends on individual preferences as, e.g., for some people, their employ-
ment is their ikigai, while others pursue their ikigai during social or leisure 
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activities. And for the second topic, again the differences between countries, 
in particular between developing and developed countries, have to be high-
lighted. People may have an ikigai but may have hardly any time to pursue 
it, one out of many examples being women and girls in developing countries, 
who spend significant amounts of time on collecting water every day.

Time use research appears to have so far not been linked to ikigai. Gershuny 
examines relations between time use and wellbeing without referring to the 
distinction between ikigai kan and ikigai taishō [16]. For example, Gershuny 
compares countries and sex enjoyment ratings on a 0–10 scale for certain 
activities [16].

The introduced metrics for ikigai as well as time use research are revisited 
below when we examine how it could be avoided that human enhancement 
or AI lead to an increase of i-risks.

3.2 � Ikigai and XR/Human Enhancement

3.2.1 � Introduction

We define enhanced humans here as humans who still have biological parts, 
but whose capacities regarding health span, emotion and cognition (vastly) 
exceed current humans, e.g., by means of XR technologies or brain–computer 
interfaces. The field is progressing, and applications have, e.g., focused on 
entertainment [17], education [18], healthcare [19], manufacturing [20] and 
ethical self-assessment [21].

Usually, enhancements are described as beneficial for humans in various 
aspects and thus desirable, [e.g., 22]. Especially the potential achievement of 
enduring bliss is often mentioned and motivates research in the field, [e.g., 
23]. Yampolskiy describes a particular scenario, which also addresses the AI 
value alignment problem (see further below), whereby personalised XR sim-
ulations for humans are created as Individual Simulated Universes tailored 
for individual values and happiness [24].

3.2.2 � Challenge

As just introduced, the cited aim of XR or further enhancements is often for 
the concerned humans to obtain bliss as opposed to suffering, [e.g., 23]. Yet, 
here it is critical to reiterate the distinction between s-risks and i-risks: We 
argue that the absence of suffering is not a sufficient criterion for bliss, but 
bliss requires ikigai too, i.e., reason or purpose to live. In other words, sce-
narios with no or minimal suffering have no or low s-risks, but there may still 
be significant i-risks, which would concern non-suffering humans devoid 
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of an ikigai. Non-suffering humans without ikigai exist also in our current 
world, yet we highlight that this situation may exacerbate as enhancement-
related disruption may lead to the disappearance of traditional ikigai activi-
ties. Examples include the abolishment of professional occupations, which 
were considered as ikigai by some, such as teachers who could be replaced 
by XR-enabled education.

Regarding day-to-day activities in XR and enhancement scenarios, discus-
sions have so far mostly focused on avoidance of boredom and availability 
of sufficient novelties for the concerned humans to experience [25–27]. Such 
deliberations about non-boring activities are relevant, especially for antici-
pated very long lifetimes owing to enhancements yet do not address exactly 
the issue of ikigai. In other words, an environment with manifold opportu-
nities is helpful to find a purpose of life, but another step towards ikigai is 
required.

This challenge can be more specifically examined through time use sta-
tistics: since the space of possible activities for enhanced humans will be by 
definition very different from current day-to-day activities, their time use 
schedule will be modified. Table 3.1 illustrates how the relative time-share 
may change for the four categories: necessary time, contracted time, commit-
ted time and free time introduced by Ås [15]:

In addition to the relative shifts of time use, it is also likely that humans 
will overall have more time at hand for the following two reasons:

	•	 Enhanced cognition could enable more efficient multitasking, i.e., 
formerly consecutive activities may be conducted in parallel during 
primary and secondary time.

	•	 Enhancements are likely to increase the life span as well as health 
span.

While it will be up to future time use research to measure how exactly 
enhanced humans spend their time, for us, the focus is on the subset of ikigai 
taishō activities. Scenarios are imaginable in both directions that in a future 
world of XR and enhancements, the space of ikigai taishō activities will be 
restricted, e.g., through abolishment of professional occupations by enhance-
ments, which were nevertheless considered as ikigai by some, as mentioned 
above, or, perhaps more likely, that the space of ikigai taishō activities will 
be enlarged, i.e., with the availability of more time as well as more options, 
especially in the category free time.

3.2.3 � Ikigai-Related Desiderata

Ikigai research should be a critical component for framing ethical guidelines 
for content creators, developers, distributors and users of XR. The minimal 
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TABLE 3.1

Anticipated Time-Share Changes Due to XR and Enhancements

Necessary Time Contracted Time Committed Time Free Time

Examples while in 
enhanced/XR modus

None, because by definition 
necessary time is spent on 
physiological, i.e., non-
enhanced/XR needs.

New professions 
enabled through 
enhancement/XR.

Responsibilities towards 
newly acquired possessions 
in XR/enhanced 
environment.

Entertainment 
and education 
in XR/enhanced 
environment.

Time-share enhanced/
XR modus compared 
with non- enhanced/XR 
modus

Same. Smaller. Many 
professional 
occupations become 
obsolete.

Smaller. Many activities in 
this category will be taken 
over by AI systems and new 
technologies.

Larger. Takes over share 
of previously contracted 
and committed 
time-share.
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goal should be that neither the available options nor the daily time for ikigai 
taishō activities would be shortened due to XR and further enhancements, 
while ideally XR and further enhancements provide for more options as well 
as even longer daily periods of ikigai taishō activities. However, the specifics 
of these ikigai taishō activities may be in current pre-enhancement times still 
unknown, yet as meaningful as well as satisfying.

Therefore, ethics for XR should carefully consider future time use from 
an ikigai-optimisation point of view, possibly integrated in context-sensitive 
frameworks such as Augmented Utilitarianism [13]. This should be in coop-
eration with time use researchers based on their established classifications, 
such as ICATUS, which may have to be extended. Ethics should especially 
consider the scenario that (large) parts of the known time use schedule might 
disappear; hence, the emerging vacuum has to be carefully filled. Recalling 
the current gap between inhabitants of developing and of developed coun-
tries concerning available time for pursuing ikigai activities, enhancements 
and the related ethics should in particular establish more equality in this 
regard. In fact, XR and enhancements may allow some humans for the first 
time to pursue ikigai activities as they may have been before entirely occu-
pied by necessary and contracted time [15]. While activities during con-
tracted time are actually considered by some as ikigai, the larger time share 
of free time means also more freedom in finding a personal ikigai.

In order to design and also to structure the unprecedented, largely artificial 
range of possibilities in XR and enhanced environments or even individual 
universes new occupations will be required. For example, Yampolskiy sug-
gested in this regard the profession of a Universe Designer [28]. While pref-
erably some or many traditional ikigai activities should continue to remain 
available in XR and enhancement environments and potentially for longer 
time periods per day, recalling the risk of boredom and depression over long 
lifetimes, further novel options should be explored too. Since the potential of 
ikigai activities for enhanced minds is both likely to be very different from 
what we know and impossible to forecast at this stage, an “Ikigai Designer” 
may be needed, similar to Yampolskiy’s Universe Designer.

An advantage of such digital environments is that (big) data about activi-
ties, time use and states of minds from enhanced humans can be much easier 
retrieved, which may facilitate ikigai calculation, i.e., proven and tested iki-
gais from enhanced humans could be recommended to others.

In summary, the potential opportunities, thus desiderata, provided by XR 
and supported by dedicated ethics are as follows:

	•	 Humans will likely find new formerly unknown ikigai taishō.
	•	 Humans will likely have more freedom for ikigai activities because 

they may have less contracted and committed time but more free 
time.
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	•	 Humans will likely have more time for ikigai activities because they 
may conduct non-ikigai activities in a more time-efficient manner 
and they may live longer.

	•	 In addition to more time and health, XR will likely furnish other 
resources, which are required for many traditional ikigai activities 
but tend to decline for ageing people [29], such as social networks.

3.3 � Ikigai and AI Safety

3.3.1 � Introduction

While a variety of problems towards AI safety has been identified, [e.g., 30], 
the focus here in connection with ethics for XR and further enhancements 
is on one of the most prominent ones, which is the value alignment prob-
lem. Yudkowsky and Bostrom described this problem and also pioneered 
this field [31, 32]. The basic question is how to cause an AI to pursue goals 
and values, which are aligned with human goals and values. A failure in 
solving this problem may constitute an existential threat to humanity, since 
there is no reason to assume that an AI will turn out to be value-aligned 
with humans without prior arrangements. The value alignment problem can 
be divided into sub-problems such as to agree on common human values, 
to precisely specify these values in a machine-understandable way and oth-
ers. These sub-problems, thus the value alignment problem as a whole, have 
been proven to be very hard despite significant work in recent years, [e.g., 
33, 34].

3.3.2 � Challenge

Acknowledging that AI value alignment is indispensable as well as very 
hard to achieve, we argue that it is equally important that any AI must not 
impede the ikigai of individual humans because ikigai is vital for humans as 
shown above. To be more precise, we claim not only that ikigai is neglected 
by current AI value alignment research but also that achievement of AI value 
alignment would not necessarily entail that humans have and can pursue 
individual ikigai. Therefore, not taking ikigai into consideration for AI value 
alignment, research would constitute an i-risk, which we seek to avoid.

We illustrate the differences between values and ikigai in Table 3.2 as well 
as by an example scenario.

The following scenario provides an example when value alignment 
does not imply freedom of ikigai: it is assumed that there is an AI, which 
is aligned with human values but massively restricts the space of potential 
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ikigai activities to, e.g., everyone playing musical instruments only (perhaps 
because the AI requires other matter as resources for its goals or the qualia of 
music creates pleasure for the AI). Playing musical instruments is indeed an 
ikigai for some people but not for all; thus, in this scenario, value alignment 
is achieved (as per assumption), while the pursuit of individual ikigai under 
the regime of such an AI is not accomplished. Therefore, lack of freedom of 
ikigai could also be taken as indicator for perverse instantiation issues [32].

Again, we stress that our focus is on day-to-day activities of humans in 
future times largely affected by powerful AIs. Since it has been shown that 
the pursuit of individual ikigai activities are linked to happiness and health 
and since the penetration of daily lives by AIs will have an impact of the 
space of possible activities, many humans would likely have to adjust or 
change their usual ikigai; hence, research on future ikigai activities is critical. 
Similar to XR and further enhancements, AIs are likely to influence the space 
of possible activities in both directions: ideally due to support by AIs, there 
may be less currently indispensable activities for humans to address their 
basic needs, including employment, which often constituted ikigai as well, 
but there could also be new so far unknown fulfilling activities.

3.3.3 � Ikigai-Related Desiderata

Similar to the term “friendly AI” [31], an “ikigai-friendly AI” is desirable, of 
which three types are conceivable:

	 1.	The AI does not prevent humans from searching, finding and pursu-
ing their individual ikigai.

Exceptional cases would be if a certain ikigai were in conflict with 
Omohundro’s drives [35]. Examples are if the ikigai of an individual 
is to destroy AIs or if the ikigai of an individual and the AI both 
require the same resources.

	 2.	 In addition to the features of type 1, the AI has the knowledge how 
to help humans to find their individual ikigai and teaches it to indi-
viduals upon request.

TABLE 3.2

Comparison between Values and Ikigai

Values Condition Discrete

Common, 
Shared and 
Mutual Should Be Aligned

Ikigai (taishō) Activity Holistic, big 
picture

Individual 
and diverse

Should be aligned (in the 
sense that they do not violate 
other people’s values or 
impede other people’s ikigai).
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A scenario would be that the AI gains the knowledge what would 
be fulfilling ikigai activities for individuals through big data analy-
sis as introduced above. While, as mentioned, the quest for ikigai 
is traditionally considered a private reflection, support through an 
AI may be more sought-after, since the advent of powerful AIs may 
have disrupted and overwhelmed people’s lives due to AI-related 
unemployment or other consequences.

This may include currently unknown ikigai activities, either 
because humans have never conceived them or these activities were 
only enabled by the AI, such as new kinds of hobbies or social inter-
action with artificial minds. These new ikigai activities could be 
more alien than innovative ikigais in XR environments due to the 
superiority of the AI and could be referred to as AI affordances [36], 
i.e., actions only made possible by an AI environment. This could 
be called AI effect, similar to the observer effect in physics. In other 
words, because of the AI, we may revise our whole concept of ikigai.

	 3.	 In addition to the features of types 1 and 2, the AI manipulates 
humans towards a specific ikigai. In that way, an AI environment 
may change our values and goals in an unforeseeable but positive 
manner. For example, an ikigai-friendly AI is aware of what is best 
for humanity, i.e., environmentalism, healthy lifestyle and nutrition, 
inclusion, overall as well as gender equality, anti-racism and anti-
speciesism, and may then come up with supporting ikigai activities 
in this regard and indoctrinate humans to consider a convergent iki-
gai, which they would not have done otherwise.

While this is a positive scenario of a manipulative AI—also nega-
tive, thus not ikigai-friendly—options are conceivable, which is that 
the AI manipulates or applies wireheading to humans, [e.g., 37], so 
that the affected humans consider activities, which support the AI 
goals, but which may include seemingly dull undertakings, as ikigai. 
An example would be that the AI seduces humans to produce paper-
clips in case the AI is a paperclip maximiser [38]. The difference to 
similar enslavement scenarios would be that the affected humans 
would not suffer but be under the impression to pursue their reason 
for being.2

An additional feature of all three types of “ikigai-friendly AI” could be that 
it recognises non-ikigai activities within individual time use schedules of 
humans and looks at ways how to take them over in order for the human to 
free time for her or his ikigai activities.

In summary, the potential opportunities provided by an ikigai-friendly AI 
are the same as mentioned above for XR, which includes potentially even 
more novel ikigai activities owing to AI affordances as well as more time 
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for ikigai activities. However, there is also the risk of an “ikigai-unfriendly 
AI”, which may not allow humans to pursue ikigai or which may wirehead 
humans in order to treat activities as ikigai that benefit the AI’s goals but 
would usually not be entertained by humans.

3.4 � Ikigai and AI Welfare

3.4.1 � Introduction

It has been claimed that there is a non-zero probability that sentient digi-
tal beings not only exist but also that they may, at least temporarily, suffer, 
which may include AIs, [e.g., 40–42]. Therefore, Bostrom et al. developed a 
policy desideratum concerning the interests of sentient digital minds, which 
states, “AI is governed in such a way that maltreatment of sentient digital 
minds is avoided or minimized” (p. 18) [41]. In follow-up to this desidera-
tum, Ziesche and Yampolskiy proposed a new field “AI welfare science” and 
offered recommendations for necessary activities towards the wellbeing of 
sentient digital minds as well as comprehensive anti-speciesism [42]. Certain 
not yet existing but in the future theoretically possible AIs have been catego-
rised by Aliman et al. as Type II systems, “systems with a scientifically plau-
sible ability to act independently, intentionally, deliberately and consciously 
and to craft explanations” (p. 2) (while Type I systems are defined as the 
complement of Type II systems with all present-day AIs being of Type I) [43].

3.4.2 � Challenge

We distinguish two potential ikigai-related challenges for sentient digital 
beings:

	 1.	If there is a non-zero probability that sentient digital beings exist, 
it could be argued that there is also a non-zero probability that sen-
tient digital beings not only have the concept of ikigai but also the 
longing to pursue an ikigai. One of the defining features of sentient 
digital beings is the assumed capacity to perceive qualia. Ziesche 
and Yampolskiy look in their introductory paper mostly at suffer-
ing through perception of qualia of pain [42]. However, also other 
concerns could impact the wellbeing of humans as well as poten-
tially the wellbeing of sentient digital minds. Bostrom et al. note as 
examples for other types of conceivable mistreatment of sentient 
digital minds restrictions to their autonomy, creativity and self-
expression [41].
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These restrictions can also be interpreted as lack of freedom or 
lack of opportunities for sentient digital minds to pursue an indi-
vidual ikigai. In other words, concerned sentient digital minds 
without ikigai may suffer even if they do not perceive qualia of 
pain. This leads to a second dimension of the i-risks introduced 
above. On the one hand, if not carefully handled, many humans 
may lose their ikigai in times of AI and XR, as described above. On 
the other hand, AI and XR may produce (a high number of) sentient 
digital minds, which have the concept as well as the longing for iki-
gai, but may be prevented from finding and pursuing it. In other 
words, AI and XR may constitute i-risks not only because they may 
cause the number of humans without ikigai to increase but also 
because they may cause the number of other ikigai-requiring digi-
tal minds to increase.

	 2.	As introduced, some ikigais may involve social activities, while 
others do not. We look here at the first category, the significance of 
which, e.g., Fukuzawa et al. highlighted by showing the relevance of 
social networks for ikigai [29].

XR technologies provide opportunities in this regard but also largely 
neglected risks. Not only many games but also other XR environments are 
based on interacting with (avatars of) other people. However, an integral 
part of social activities in XR are, apart from avatars of other humans, non-
player characters (NPCs). And if indeed XR environments prove to provide 
innovative ikigais based on social activities, a large number of NPCs may 
be involved. Since NPCs could be sentient too [44] and hence could have 
a moral status, Ziesche and Yampolskiy argue that policies are required 
for NPCs towards ethical human enhancement and anti-speciesism [45]. 
Therefore, even if the above claim regarding i-risks for sentient digital minds 
is not true, XR environments, which support ikigais based on social activi-
ties, may increase suffering, i.e., pose an s-risk [6].

3.4.3 � Ikigai-Related Desiderata

Ziesche and Yampolskiy developed recommendations for AI welfare policies 
regarding suffering of sentient digital minds, yet, as mentioned, initially lim-
ited to suffering through qualia of pain [42]. These should also be applicable 
for XR and AI environments, which have the purpose for humans to pursue 
their ikigai. Moreover, we propose to complement these recommendations 
as follows to also address suffering of sentient digital minds because of lack 
of ikigai:

	•	 Initiate research on AI welfare science to develop methods to mea-
sure if sentient digital minds long for an ikigai.
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	•	 Potentially initiate research on AI welfare science to develop meth-
ods how individual ikigais could be found for sentient digital minds 
and how the pursuit of these individual ikigais by the sentient digi-
tal minds could be ensured.

Ziesche and Yampolskiy outline preliminary considerations and challenges 
regarding methodologies such as self-reporting as well as observation 
through functional and behavioural parameters [42].

Moreover, Ziesche and Yampolskiy proposed that humans are deterred 
from harming minds in other substrates by mandatorily equipping the 
humans with sensory perception of potential pain of the NPCs in order for 
the humans to understand when to stop activities because they cause the 
suffering [45]. Similarly, it could be made compulsory that humans in AI and 
XR environments are notified of frustration of NPCs prevented from finding 
and pursuing an ikigai, especially if the humans are engaged in their own 
individual ikigais based on social activities with these NPCs.

Future time use research for sentient digital minds may be useful in order 
to establish if sentient digital minds have time at all to allocate to ikigai activ-
ities. In this regard, one feature to take into account is that sentient digital 
minds may have a very different subjective rate of time [46].

Two points have to be highlighted:

	•	 This section is largely speculation. Nevertheless, such prolegomena 
are relevant to reduce potential (massive) s-risks as well as i-risks in 
AI and XR environments, as initiated by Bostrom et al. [41] and as 
further specified by Ziesche and Yampolskiy [42].

	•	 Anthropomorphic bias must be taken into account: 1) For other 
minds, ikigai may not be relevant, 2) they may have ikigais, which 
appear very alien to us and may be beyond our imagination, or 3) 
they may have obtained ikigai through wireheading, which may be 
sufficient and satisfying for them.

3.5 � Summary and Future Work

In this chapter, we have argued that it is essential to add the topic of ikigai to 
the fields of ethical AI and human enhancement and to raise awareness for 
content creators, developers, distributors, and users of XR. In particular, we 
introduced the following overlooked challenges as well as suitable concepts:

i-risks concern scenarios, in which human and potentially other minds are 
not able to pursue their individual ikigai, and constitute a distinct level apart 
from x-risks and s-risks. We have identified unforeseen challenges for human 
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enhancement, AI safety and AI welfare, which may lead to i-risks, as well as 
desiderata in this regard and some initial proposals for solutions.

Aspects that increase i-risks: XR and AI will likely be disruptive in a way 
that certain traditional ikigais may vanish, especially professional occupa-
tions. Also, AIs may restrict the freedom of humans to pursue their ikigai.

Aspects that reduce i-risks: If handled rightly, XR and (ikigai-friendly) AI 
may also provide affordances, opportunities and resources for new ikigais. 
Moreover, XR and AI could ensure more time for ikigai activities, includ-
ing for those whose time use schedule hardly had slots for it before, i.e., XR 
and AI could reduce inequality among humans. To further reduce i-risks, 
also potential ikigai needs of sentient digital minds have to be taken into 
account.

We also proposed methods to measure and find ikigai for individual peo-
ple through big data as well as extended time use research towards both XR 
and AI environments.

In this chapter, we have provided groundwork, but significant future work 
can be foreseen.

For the outlined desiderata, detailed specifications and solutions are 
required.

Moreover, the topic of ikigai and ethics could be widened to look at overall 
mental health policies in preparation for expected massive disruptions due 
to enhancements and AI. Since these disruptions may cause economic pres-
sures as well as rapid social change and since the World Health Organization 
noted3 that this may harm mental health, a contingency plan and related 
policies for a potential increase of mental health issues appear to be prudent 
to set up.

Notes

	 1	 See also the recently proposed scheme of Augmented Utilitarianism in XR con-
texts [13].

	 2	 For similar thoughts regarding AI-based religions, see also [39].
	 3	 See ​https://​www.​who.​int/​news-​​room/​fact-​​sheets/​detail/​mental-​​health-​ 

​strengthening-​​our-​​response.
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4
Mapping the Potential AI-Driven Virtual 
Hyper-Personalised Ikigai Universe

Soenke Ziesche and Roman V. Yampolskiy

Before that, he’d written over three hundred comic operas, with librettos 
in Italian, French and English—and staged most of them, with puppet per-
formers and audience. Before that, he’d patiently studied the structure and 
biochemistry of the human brain for sixty-seven years.

Greg Egan: Permutation City

4.1 � Introduction

The Japanese concept of ikigai can be translated as “reason or purpose to 
live”. It comprises those activities of life, which give humans satisfaction and 
meaning. The concept of ikigai has been popularised in Western contexts in 
recent years, yet often misinterpreted, as has been stressed [1, 2] and as can 
be elucidated by reverting to primary Japanese literature [e.g., 3].

Ikigai has various connotations, two of which are referred to as ikigai kan 
and ikigai taishō [3]. Ikigai kan encompasses feelings of satisfaction, wellbe-
ing and a life worth living, and thus, it is a state of mind, while ikigai taishō 
describes activities, experiences and situations, which create such feelings, 
and thus, it is rather a process.

It can be stated that it is very much desirable for humans to have found 
an ikigai. Therefore, scenarios, in which (a high number of) humans are 
devoid of any ikigai, ought to be prevented. Such scenarios have been coined 
“i-risk scenarios” [2] and constitute a distinct level of risks, supplemental to 
previously defined s-risk scenarios [4] and x-risk scenarios [5], which stand 
for “suffering risk” and “existential risk”, respectively, i.e., scenarios where 
humans (severely and continuously) suffer or become extinct.

Developments in AI and other emerging technologies may lead to i-risk 
scenarios [2]. This comprises situations in which AI and other emerging 
technologies take over much more efficient activities, which humans used 
to carry out day by day and considered them as ikigai taishō activities. As 

http://dx.doi.org/10.1201/9781003565659-5


58� Considerations on the AI Endgame

a result, the affected humans may struggle to find the reason for which to 
get up in the morning and how to meaningfully spend the hours of the day, 
which are other paraphrases for ikigai.

Therefore, the purpose of this chapter is to explore ways to reduce i-risks 
by applying AI systems for the creation of innovative virtual ikigai taishō 
activities, which could lead to ikigai kan. This endeavour is timely, since 1) 
i-risks are a serious concern, but 2) have largely been neglected so far and 3) 
AI systems together with virtual worlds have the potential to alleviate i-risks, 
especially given recent developments in these fields. While the third point is 
the main topic of this chapter, the first two points are briefly described below:

i-risks ought to be reduced, since several studies have shown that having 
an ikigai has a positive impact on health and wellbeing [for overviews: 6, 2]. 
Therefore, it is not desirable if the space of potential ikigais for humans is 
being reduced. In contrast, when it comes to developments in AI and other 
emerging technologies, it is not only largely overlooked that those may 
reduce the space of potential ikigais, but there are also no efforts made to 
harness AI and other emerging technologies for innovative virtual ikigai 
taishō activities. Instead, prime applications of virtual worlds, e.g., the meta-
verse, that are discussed are simulations, games, office, social, marketing and 
education [7]. While some of these, e.g., social and education, may evolve 
into ikigais as described below, targeted undertakings towards ikigai taishō 
activities when creating virtual worlds have not been observed.

This chapter is structured as follows: First recent developments in AI and 
their links to i-risks are described. This is followed by the two main parts 
of the chapter, which outline the potential virtual ikigai universe as well as 
the potential hyper-personalised ikigai universe, supported by these devel-
opments in AI. The chapter concludes with a summary and with ideas for 
future investigation.

4.1.1 � Generative AI

Since the issue of i-risks was raised for the first time [2], further significant 
developments in AI took place, of which advances in generative AI are most 
remarkable as well as most relevant for i-risks, in a positive as well as a nega-
tive way as will be outlined.

Generative AI is the umbrella term for machine learning algorithms, which 
generate artificial digital content such as text, images, audio and video con-
tent, based on large amounts of training data. The quality of this content is 
increasingly of an extent that humans cannot distinguish whether the con-
tent has been created by a machine or a human. The technique most of them 
use is called large language model or transformer. Details are omitted here as 
well as the various challenges these systems have, such as bias, stereotypes 
and creation of disinformation [e.g., 8].
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The two points, which are relevant here, are 1) the assumption that these 
systems will continue to improve based on even more training data input as 
well as more powerful hardware as it was demonstrated in the recent AI his-
tory1 and 2) that generative AI has a significant impact on i-risks.

4.1.2 � Arising i-risks

Various aspects of the reduced space of ikigai against the backdrop of devel-
opments in AI and other emerging technologies have been outlined before 
[2]. Humans who have lost or will lose their ikigai due to latest develop-
ments in AI are mostly those whose professional occupations, which they 
have treated as their ikigai, have vanished or will vanish.2

While before this concerned rather monotonous routine tasks, which could 
be easily automated, it is likely to affect in the (near) future also creative tasks 
due to the advances in generative AI, as described above. Examples comprise 
writing (including novels, poems, computer code, movie scripts, instruction 
manuals and advertising texts), designing (including graphics, branding, 
animations, cooking recipes and fashion), composing, painting and photo-
graphing. In other words, many professions in these fields will likely become 
obsolete. Of course, it is possible for humans to continue with these activities 
during leisure time and not for monetary compensation, but it will be frus-
trating if much superior AI systems massively outperform them and produce 
oeuvres of much higher quality in much shorter time.

These advances in generative AI initially increase i-risks but, as will be 
outlined below, also provide the opportunity to reduce i-risks. The increase 
is caused by the expectation that many people will lose their jobs in creative 
sectors due to far superior generative AI; thus, these people will also lose 
their ikigai. There are no specific numbers, since this is an ongoing process. 
Potential proxy indicators could be suicide rate, drug addiction or the num-
ber of hikikomori, which is a form of social withdrawal, observed in Japan 
but also other countries [e.g., 9].

4.1.3 � AI-Driven Hyper-Personalisation

The second field of AI advances, which is critical to reduce i-risks through 
virtual opportunities and thus is introduced here briefly, is AI-driven hyper-
personalisation. This field can be divided into hyper-personalised content 
and hyper-personalised interaction.

The first group comprises tailored individual content for humans based 
on large amounts of data about the particular human, analysed by AI. 
Naturally, this is interesting for the commercial sector and has been applied 
in marketing [e.g., 10] and entertainment [e.g., 11]. In brief, pertinent data 
include geographics, demographics and psychographics, among others, 
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which are traced through website analytics and consumer behaviour and 
which are used to generate personalised content, such as personalised mes-
sages, personalised websites and personalised product recommendations. 
AI-driven hyper-personalisation has not yet been used to identify suitable 
ikigai taisho ̄ activities for humans, except to some extent for the sub-field of 
learning [e.g., 12].

The field of learning can be also used to illustrate the second group intro-
duced above, hyper-personalised interaction. AI-driven systems for hyper-
personalised education analyse performance data of students in real-time 
and establish individual learning plans according to the strengths and weak-
nesses of the student, which replace the prevailing but in many aspects inef-
fective one-size-fits-all education system.

Other fields where AI-driven hyper-personalised interaction is applied are, 
e.g., health [e.g., 13] or marketing for social good [e.g., 14]. For AI-driven 
hyper-personalised interaction, also non-player characters (NPCs) or assis-
tants are being used in various sectors such as education, wellbeing [for both 
e.g., 15] or marketing [e.g., 16].

As above, for generative AI, also AI-driven hyper-personalisation chal-
lenges related to privacy issues, ownership of data, bias [e.g., 12], as well 
as addiction to hyper-personalised content [for social networking e.g., 
17] are not discussed here. The bottom line here is that AI-driven hyper-
personalisation has not been used yet to identify individual ikigais.

In a more comprehensive theoretical overview, it has been described how 
the human needs such as novelty, romantic love and achievements are likely 
to be fulfilled by an increasingly enhanced immersive experience in precisely 
tailored manner through AI-driven hyper-personalisation in the future [18]. 
While in this overview it is not referred to ikigai, the used phrase “need for a 
sense of achievement” resembles the concept of ikigai in some aspects.

4.2 � Virtual Ikigai Universe

As outlined, there is a risk that the space of ikigai taishō activities in the 
real world declines. This means that to counter i-risks urgently, new ikigais 
are required. Therefore, this chapter looks for upcoming virtual worlds as a 
new space for ikigais, especially virtual worlds, which are potentially created 
by generative AI, given the current promising developments in this field. 
Currently, the main application of virtual worlds is entertainment, with some 
exceptions. Yet, up to now, virtual worlds have hardly been considered for 
ikigai taishō activities. And as will be explained also below, entertainment 
must not to be confused with ikikai. Those often mindless and passive enter-
tainment activities in virtual space may even lead to addiction, which is cer-
tainly not an ikigai.
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Therefore, the desideratum is that AI systems create virtual worlds where 
ikigai taishō activities can be practised, including potentially new, thus for-
merly unknown ikigais.

4.2.1 � Ikigai Taxonomy

Detailed taxonomies of ikigai taishō activities have not been found in the lit-
erature. A categorisation of the following five types of ikigai taishō has been 
provided [1]:

	•	 Yarigai: Things worth doing
	•	 Asobigai: The value of playing
	•	 Hatarakigai: Work worth doing
	•	 Manabigai: The value of learning
	•	 Oshiegai: The value of teaching

While it appears desirable to refine this classification, it is sufficient for this 
chapter to explore how AI-driven virtual counterparts for each of these cat-
egories could look like.

4.2.2 � AI-Driven Virtual Counterparts

This section serves as the centrepiece of this chapter. The aim is to map inno-
vative virtual ikigai taishō day-to-day activities when not only several offline 
ikigai taishō activities have vanished due to developments in AI and other 
emerging technologies but also more time is available [2].

Our hypothesis is that for many if not most known ikigai taishō activities, 
there will be AI-driven virtual counterparts, which are likely to be comple-
mented by yet unknown ikigai taishō activities, which may emerge owing to 
new possibilities through AI.

Another aspect is the unsolved question whether there are sentient digital 
minds or could be created in the future [e.g., 19]. This is relevant because iki-
gai taishō activities often involve social activities; thus, virtual counterparts 
require NPCs. While sentient NPCs would provide further opportunities for 
virtual ikigai taishō activities, they would also be moral patients and thus 
must not be harmed, intentionally or unintentionally [20].

Below potential AI-driven virtual counterparts of the five types of ikigai 
taishō as introduced above are presented.

4.2.2.1 � Yarigai: Things Worth Doing

Yarigai comprises a wide range of things. Numerous small or bigger activi-
ties may constitute ikigai taishō for individual humans, ranging from a walk 
in the nature to caring for a pet.
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As AI-driven virtual counterparts, it is conceivable that, instead of a walk in 
the real nature, immersive navigating in complex and completely unknown 
virtual worlds could be explored [e.g., 21].3 This could also be a virtual rep-
lica of an existing place on earth and/or in another historical epoch or on 
another existing planet. The experiences could be massively augmented, i.e., 
beyond our normal senses. For example, during a virtual nature walk, we 
may be able to zoom in to inspect tiny insects, listen to the sounds of bats or 
look at a whole forest with a bird’s eye view. Moreover, this could be hyper-
personalised as outlined below to match the ikigai preferences of the indi-
vidual human as exactly as possible.

As for caring for a pet, it is conceivable that in a virtual world, completely 
new creatures appear and need attention as well as care. Again, instead of 
creatures that do not exist on earth, it could be realistic replicas of cats or 
dogs, or even extinct animals. Moreover, this environment could be hyper-
personalised, e.g., in a way that this creature appears to the individual human 
as cuter than anything s/he has seen before. As introduced above, in such a 
scenario, for now the unsolved question is relevant: whether NPCs, such as 
virtual pets, are sentient; and in which case they must be treated as a moral 
patient [20]. It must be noted that virtual pets, such as the Tamagotchi, exist 
already [22], but 1) they have not been considered for an ikigai mapping and 
2) it is likely that they become much more sophisticated through AI-driven 
hyper-personalisation.

It would be understandable if this initially did not sound attractive to 
many humans, also given that currently the quality of virtual worlds is not 
very advanced. However, it has to be considered 1) that developments in 
AI are progressing fast, as indicated above, and 2) that in the past decades, 
humans adjusted to various technologies, which were unimaginable for pre-
vious generations [23]. This may sound outlandish, but in the end, there is 
no significant difference whether an ikigai is to collect real stamps or certain 
items in the virtual world.4

4.2.2.2 � Asobigai: The Value of Playing

For this category, it is important to separate it from games and virtual enter-
tainment, which are comprised by asobigai, but not topic of this chapter. Yet 
asobigai encompasses also social interactions [1], which are considered iki-
gai taishō activities by many and for which here AI-driven virtual counter-
parts are outlined [see also: 24]. Therefore, for this category, NPCs are critical, 
which may be human-like or other creatures. Important is that the human 
and the NPCs have a common language, noting that, in virtual worlds, also 
other creatures could speak human language or have other means to commu-
nicate. Complex interactions with a variety of NPCs can be imagined, which 
include talking about different topics, problems of the concerned human or 
philosophical questions but also gossiping and joking. As described below 
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under hyper-personalisation, the NPCs will be perfectly adjusted in terms of 
knowledge and empathy.

4.2.2.3 � Hatarakigai: Work Worth Doing

Hatarakigai refers to cases when the professional work of someone is consid-
ered by her or him as ikigai. As outlined above, i-risks for hatarakigai may be 
especially high, taking into account jobs that disappear due to AI and other 
emerging technologies.

However, AI-driven virtual counterparts for many professions are con-
ceivable. Doctors could treat simulated humans, non-human animals or 
completely different creatures [25]. Researchers could study the physics, 
chemistry, biology, astronomy, sociology, history and so on of completely dif-
ferent worlds and their inhabitants. Creative humans could design anything 
in these worlds from fashion, machines, houses, landscapes to whole uni-
verses [26].

4.2.2.4 � Manabigai: The Value of Learning

Another common ikigai taishō activity is to learn something, for which the 
real world also presents many opportunities.

In addition, a variety of AI-driven virtual counterparts can be imagined. 
For example, if the individual human likes to learn languages, the AI could 
create a completely new language for the human to learn, in written and 
verbal form. Also, the just mentioned sciences of completely different worlds 
and their inhabitants, such as physics, chemistry, biology, astronomy, sociol-
ogy or history, provide for extensive learning content. The learning meth-
odology may differ significantly from traditional ones and may include 
immersive experiences of virtual environments as well as AI-driven hyper-
personalised individual learning plans according to the strengths and weak-
nesses of the student.

4.2.2.5 � Oshiegai: The Value of Teaching

Likewise, teaching is considered by many as ikigai taishō activity, as part of 
their profession, but also in other contexts.

As for AI-driven virtual counterparts, NPCs would have to serve as stu-
dents, and humans can teach them either knowledge from the real world or 
knowledge they gained in virtual worlds while embracing virtual manabigai.

This concludes a glimpse of possible AI-driven virtual counterparts for 
ikigai taishō activities, while it must be stressed that there are considerable 
unknown unknowns, given that AI systems are much smarter than humans 
and may come up with highly satisfying ikigai taishō activities, currently 
unimaginable for us.
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4.3 � Hyper-Personalised Ikigai Universe

After describing the possibility of innovative virtual ikigai taishō worlds, it 
has to be examined how specific ikigai taishō activities can be matched with 
individual humans, since ikigais are very personal as indicated. AI-driven 
hyper-personalisation is key for this undertaking, and two sub-steps can be 
distinguished:

	 1)	Content: This involves AI systems calculating based on big data a 
suitable virtual ikigai for individual humans.

	 2)	Interaction: When the human conducts ikigai taishō activities, the 
AI system provides feedback, which has two purposes: To adjust 
the ikigai taishō activities based on various parameters in order to 
further optimise the resulting ikigai kan feeling and to praise the 
human for the way s/he conducts the ikigai taishō activities.

Therefore, the desideratum is that AI not only identifies within the space of 
virtual ikigai taishō worlds, as described above, for individuals their suit-
able hyper-personalised virtual ikigai taisho ̄ world but also provides hyper-
personalised feedback, while the individuals practise their ikigai taisho ̄ 
activities.

4.3.1 � Ikigai Metrics

The precondition for AI-driven hyper-personalisation of ikigai is the avail-
ability of ikigai metrics. However, not many such metrics exist [2], one of the 
exceptions being ikigai-9. This approach consists of the following nine state-
ments, which could be seen as sub-components of ikigai kan [27]:5

	•	 I believe that I have some impact on someone.
	•	 My life is mentally rich and fulfilled.
	•	 I am interested in many things.
	•	 I feel that I am contributing to someone or to society.
	•	 I would like to develop myself.
	•	 I often feel that I’m happy.
	•	 I think that my existence is needed by something or someone.
	•	 I would like to learn something new or start something.
	•	 I have room in my mind.

It is desirable if there were more metrics, yet again big data and AI provide 
for an opportunity: when pursuing virtual ikigai taishō activities, many 



Virtual Hyper-Personalised Ikigai Universe� 65

more data are recorded, which can be harnessed for ikigai calculation as well 
as optimisation. As it is a feature of machine learning algorithms to discover 
patterns and trends unbeknown to humans in data, there is a likelihood that 
AI may reveal further ikigai metrics, i.e., data and parameters, which mea-
sure to what extent activities in the virtual world contribute to ikigai kan 
feelings. Therefore, these activities constitute ikigai taishō activities for par-
ticular humans, keeping in mind that ikigai is very personal and differs sig-
nificantly among humans.

4.3.2 � AI-Driven Matching

As introduced above, this field can be divided into hyper-personalised con-
tent and hyper-personalised interaction.

4.3.2.1 � Content

As also introduced above, generative AI will likely be capable to create a 
broad range of innovative potential virtual ikigais. These ikigai options have 
then to be matched with the preferences of individual humans as exactly as 
possible. The goal of this process would be the creation of a virtual environ-
ment with the specific purpose of being the ikigai taisho of a specific human.

This could be initiated with a survey about the individual’s interests and 
likings. AI systems would then recommend proven and tested ikigais based 
on patterns learned from a large range of data—a process comparable with 
dating apps or suggestions to customers based on previous purchases.

4.3.2.2 � Interaction

The proposed ikigai taisho activities, thus the customised virtual world, 
could then be improved and refined based on further data, which the AI 
system receives through the behaviour patterns of the human in this world. 
An example would be that an initial ikigai taisho activity was to explore vir-
tually simulated parts of planet earth, which was then adjusted to the explo-
ration of other planets and celestial bodies and later further extended to the 
exploration of fantasy worlds. This process can be continued until the indi-
vidual has identified for him- or herself ideal virtual ikigai taishō activities, 
which lead to perfect bliss and feelings of satisfaction and thus ikigai kan. 
Therefore, AI-driven hyper-personalisation of ikigai taishō activities is an 
essential complement to the AI-driven creation of an ikigai-suitable virtual 
world, which does not exist in this sophisticated manner in the real world.

As mentioned above, the second element of interaction comprises acco-
lades and social validation. While this differs from human to human, not 
everyone requires such feedback to feel bliss, and the ikigai-9 components 
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above illustrate that six of them are not linked to social validation and the 
three of them are as follows:

	•	 I believe that I have some impact on someone.
	•	 I feel that I am contributing to someone or to society.
	•	 I think that my existence is needed by something or someone.

In a hyper-personalised virtual world, the feedback to these three ikigai-9 
components would be provided by NPCs, which are empathic as well as 
perfectly adjusted to the individual human and her or his ikigai. Since the AI 
will find out precisely the degree of social validation that satisfies the human, 
the feedback will be much more rewarding than in the real world by creating 
the thoughts and feelings the human is craving for.

4.4 � Further Ideas and Summary

4.4.1 � Further Ideas

This chapter aims to be hands-on for the reduction of i-risks in the near future, 
while at a later stage, the space of potential ikigais for humans may be fur-
ther increased due to emerging technologies such as human enhancements, 
brain–machine interfaces and uploading as well as additional developments 
in AI (for an overview, see [2]). One particular progress of brain–machine 
interfaces would be the direct control of human qualia in a way that the pur-
suit of virtual hyper-personalised ikigai taishō activities could be directly 
rewarded with sensory pleasure.

As AI may approach Artificial General Intelligence, another AI risk has 
to be considered, in addition to the mentioned one that developments in AI 
may increase i-risks, which is that AI systems may turn out not be ikigai-
friendly. It is beyond the scope of this chapter, but the values of a non-ikigai-
friendly AI system would not be aligned with the values of humans. Thus, 
the goals of such an AI system and humans would be conflicting. Thus, such 
an AI system would not support humans in finding their individual ikigai or 
would even prevent them from pursuing their individual ikigai [2].

Another consideration is related to the prevailing global inequalities. One 
step to counteract this plight would be to provide virtual hyper-personalised 
ikigai as a digital public good for everybody. In other words, policies and leg-
islation have to be developed and implemented so that everyone gets access 
to his or her virtual hyper-personalised ikigai universe [also: 29]. This may 
also be a remedy to reduce the time humans spent online for (potentially 
addictive) entertainment activities.
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And yet an additional aspect is that this chapter may offer another expla-
nation, if we live in a simulation [25], for a potential motivation of the sim-
ulator, which is that running this simulation may be the virtual ikigai of 
this being.

4.4.2 � Summary

i-risks have an intersecting set with AI risks in the sense that certain devel-
opments in AI increase i-risks. Yet, it has been outlined that there are also 
AI-driven virtual opportunities, which reduce i-risks. This chapter intro-
duces concrete measures to tackle i-risks by mapping the potential AI-
driven virtual hyper-personalised ikigai universe. It has been illustrated 
that advances in generative AI, virtual worlds and AI-driven hyper-
personalisation provide for opportunities to constitute spaces for formerly 
unknown ikigais.

It has to be emphasised that the focus here is on ikigai taishō activities 
(which ideally lead to ikigai kan feelings of satisfaction). This is critical as 
technologies are likely to free up large amounts of time for many humans. 
Therefore, it may become a challenge for humans to fill their day with activi-
ties and experiences that have a sense of purpose.

While, as mentioned, it has been shown that having an ikigai may have a 
positive impact on health and wellbeing, spending long amounts of time in a 
virtual world reduces the time for physical exercise and perhaps for having 
a healthy diet and enough sleep, all of which are also critical for the health 
of humans. Therefore, a balance between online and offline life is important, 
given that before humans also did not spend all their time with ikigai taishō 
activities.

It is important to reiterate or to clarify what AI-driven virtual hyper-
personalised ikigai is not about. It is neither about virtual entertainment, nor 
about virtual love, nor about virtual religion. The first two are whole differ-
ent businesses, while the latter one has been described elsewhere [30].

Virtual ikigai taishō activities, which lead to ikigai kan, must also be sepa-
rated from addiction or wireheading. While ikigai taishō activities may have 
in common with addictive behaviour the persistent urge to engage in them, 
these activities neither have negative consequences, nor they cause harm as 
it is the case for addictions.

Wireheading is reward hacking to stimulate pleasure centres and has been 
described as a potential x-risk [31]. However, this would be the case if ikigai 
kan feelings can be reached without conducting ikigai taishō activities while 
this chapter focuses explicitly on ikigai taishō activities. Also, the potential 
extension mentioned above to link virtual hyper-personalised ikigai taishō 
activities with positive qualia would not be wireheading as it requires to 
execute the activity.
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It is acknowledged that this chapter is partly speculative, which is the 
case for all research about the future, including AI safety research in gen-
eral. Yet, due to their significance, i-risks must be considered as early as 
possible.

It is possible or even likely that humans would initially reject the outlined 
virtual ikigai taishō activities and consider them as dystopian. However, it 
has to be stressed that, also in the past, humans were often sceptical towards 
new technologies and then adjusted their behaviour. This applies also to 
recently emerged technologies, which our ancestors probably would have 
also considered as dystopian [e.g., 23]. Moreover, humans may be deterred 
by the belief that activities in virtual worlds are meaningless. However, it 
has been argued in philosophy that “there’s no good reason to think that life 
in virtual reality will lack meaning and value. Nor is there reason to think 
its values will be limited to entertainment” [32, p. 312]. Therefore, if there 
are values in a virtual world, it should also be possible to find virtual ikigai 
taishō activities linked to these values.6

To sum up, it has to be again highlighted that AI-driven virtual hyper-
personalised ikigais are neither dystopian nor meaningless but an opportu-
nity. i-risks are serious albeit neglected issues considering developments in 
AI and other emerging technologies. All efforts to tackle i-risks are important 
and cannot be dystopian. In fact, the opposite, i.e., to continue to disregard 
i-risks, would be dystopian.

Therefore, this chapter aims to conceptualise approaches that make life 
worth living in times of advanced or transformative AI. It is envisioned that 
humans will have an online dashboard or platform where they are presented 
with AI-driven hyper-personalised virtual ikigai taishō activities, in which 
they can indulge as they wish.

Notes

	 1	 See, e.g., ​https://​www.​gwern.​net/​Scaling-​​hypothesis.
	 2	 This comes on top of the number of humans who have never found their ikigai 

and those who have found it but are too occupied to pursue it because of other 
obligations.

	 3	 This reference is about uploaded humans but can to some extent also serve as an 
illustration for possibilities in virtual worlds without being uploaded.

	 4	 There would be even no difference at all if we live in a simulation [28].
	 5	 See [28] for the English translation.
	 6	 If there were sentient digital minds, which is an open question, this would add a 

whole additional dimension of value in virtual worlds as indicated above.

https://www.gwern.net/Scaling-hypothesis
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5
Towards the Mathematics of Intelligence

Soenke Ziesche and Roman V. Yampolskiy

5.1 � Set Theory of Minds

Since no common definition exists, we describe a mind as instantiation of 
intelligence.1 This means that in addition to humans and many animals, non-
animal intelligent agents constitute minds. It has been shown that the space 
of possible minds is vast, and attempts to characterise it have been made 
[e.g., 1–4]. In addition to a variety of minds—for humans inconceivable—
grouped minds as well as nested minds may be possible.

As we will show below, set theory seems to provide tools to describe such 
constellations. In particular, we are looking at set union and complement as 
well as subsets. We will also make use of Yampolskiy’s insight that the space 
of minds is countable and that all minds can be generated sequentially by a 
deterministic algorithm [1].

5.1.1 � Grouped Minds: Set Union

Some scenarios of grouped minds appear frequently in our lives, while some 
are futuristic. Extensive research has been conducted on the collective behav-
iour of groups of humans as well as groups of animals (e.g., flocks of birds, 
schools of fish or ant colonies), especially regarding potentially emergent 
properties of such groups. Woolley et al. name one such property for groups 
of humans “collective intelligence” or “c factor”, which they distinguish 
from “general intelligence”, also known as “g factor” [5]. Woolley et al. show 
that the

“c factor” is not strongly correlated with the average or maximum indi-
vidual intelligence of group members but is correlated with the average 
social sensitivity of group members, the equality in distribution of con-
versational turn-taking, and the proportion of females in the group.

[5]

http://dx.doi.org/10.1201/9781003565659-6
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This is contested by Bates and Gupta whose experiments (in a very con-
trolled environment) instead revealed that higher individual IQ enhances the 
performance of a group, i.e., the group-IQ [6].

From our anthropomorphic viewpoint, we are used to singly embodied 
minds, but in addition, we can also conceptualise multiply and flexibly 
embodied minds. Goertzel provides a more general approach to grouped 
minds [7]. He defines what he calls “mindplex” as follows: it “is composed 
of a collection of intelligent systems, each of which has its own ‘theatre of 
consciousness’ and autonomous control system, but which interact tightly, 
exchanging large quantities of information frequently” and it “has a power-
ful control system on the collective level, and an active ‘theatre of conscious-
ness’ on the collective level as well”.

Heylighen coined the term “global brain” for the set of minds that is, 
since the emergence of the Internet, constituted of human minds as well as 
computers [8].

Sotala and Valpola analyse in more detail how “mind coalescence” as they 
call it could be achieved in a biological as well as post-biological way and 
what consequences it may have [9].

Yampolskiy et al. provide another novel approach of grouped minds in 
the form of a “Wisdom of Artificial Crowds” algorithm, which relies on a 
group of simulated intelligent agents to find solutions, which are autono-
mous and, in many cases, superior to individual solutions of all participat-
ing agents [10].

An open challenge for these constellations is to determine the threshold 
when those minds are merged into one as opposed to a set union of interact-
ing minds.

5.1.2 � Nested Minds: Subset

Nested minds are mostly speculation but relevant, especially since Bostrom 
analysed the likelihood that we are living in a computer simulation [11]. If 
this was true, this would be a constellation of nested minds, assuming that 
the simulating system has a mind too.

Other scenarios have been proposed; e.g., several by Kelly, such as 
“Global mind—large supercritical mind made of subcritical brains”; “Hive 
mind—large supercritical mind made of smaller minds each of which is 
supercritical”; “Low count hive mind with few critical minds making it 
up”; and “Borg—supercritical mind of smaller minds supercritical but not 
self-aware” [12].

Yampolskiy describes further scenarios of nested minds related to the arti-
ficial intelligence confinement problem [13]. Below we will explore also the 
third operation, complement of a set, i.e., subtracted minds, for which we did 
not find prior research.
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5.2 � Definition and Evaluation of Intelligence

Despite many attempts, none of the involved disciplines, such as psychol-
ogy or artificial intelligence, has come up with a satisfying, mutually agreed 
upon definition of intelligence. Legg and Hutter (2007) provide an overview 
of the many definitions that have been proposed over the years and deliver 
eventually the general definition: “Intelligence measures an agent’s ability to 
achieve goals in a wide range of environments” [14].

Although the first step, to agree on a unique definition of intelligence, has 
still not been completed, already extensive work has been conducted on the 
following step, which is to evaluate intelligence as a feature of psychomet-
rics. Ability to evaluate intelligence is a precondition in order to be able to 
compare various intelligences, which is of interest regarding human as well 
as artificial intelligences. Hernández-Orallo worked extensively in this field 
and identified “three kinds of evaluation: human discrimination, problem 
benchmarks and peer confrontation” [15].

In this chapter, we use a definition of intelligence by Yampolskiy, which 
he developed within the framework of his “Efficiency Theory”. There, he 
describes gaining of knowledge as finding and applying an efficient algorithm 
to an inefficiently stored information string. In other words, “Intelligence could 
also be defined as the process of obtaining knowledge by efficient means” [16].

Yampolskiy also states “historically, the complexity of computational processes 
has been measured either in terms of required steps (time) or in terms of required 
memory (space)” [16]. We suggest intelligence to be treated as a further dimen-
sion of fundamental computation resources in addition to time or memory. And 
while, for measuring and manipulating time and memory, there are established 
standards, we would also like to be able to measure or evaluate intelligence 
by its ability to turn certain information strings efficiently into knowledge.

Based on this, the scope of mathematics of intelligence of grouped and 
nested minds is to analyse and to compare the capabilities of all involved 
minds to turn information strings efficiently into knowledge and to establish 
relations between them.

5.3 � Mathematics of Intelligence

We define minds by four parameters, the former two are mandatory, and the 
latter two optional: mind (x, i, a, t)

x (their unique identifier [1])
i (their intelligence, according to the “Efficiency Theory” [16])
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a (their age, since i may vary depending on a)
t (their time of embodiment)

Based on the algorithm to generate sequentially all minds, Yampolskiy 
states, “A particular mind may not be embodied at a given time, but the idea 
of it is always present” [16]. Embodiment is the time period when a mind is 
exhibiting intelligence. This could the lifetime of living biological beings as 
we know them, but it could also be the period of implementation of a non-
biological, artificial agent. This parameter is relevant since the intelligence of 
a mind may vary depending on the spacetime context of the embodiment, 
which is illustrated further below.

Now we look at various set operations and constellations, such as union, 
subset and complement.

5.3.1 � Grouped Minds: Set Union

Of special interest is the question whether there is any scenario when the 
mind that results from combining other minds has a higher intelligence 
than all original minds? Such a phenomenon would be called emergentism. 
Another option would be that the intelligence of a grouped mind equals the 
highest intelligence of all minds in the union, which could be expressed by 
the MAX function.

Both are valid options. Normal IQ tests are timed and so having a num-
ber of minds working in parallel would increase the overall score, but at the 
highest level (160+), IQ tests are not timed and only a more capable mind 
would do better.

Intelligence is a computational resource like time, space or randomness. 
We propose arithmetic of intelligence to make it possible to perform analysis 
on this important resource. In particular, we concentrate on the minds at a 
sufficiently high level of performance; there, time is not an important fac-
tor, but overall ability to solve problems is the main feature in determining 
intelligence. Overall, arithmetic of intelligence functions is in a certain way 
similar to the Big O notation; there, one may disregard lower value terms. 
For example, for two intelligent systems with IQs equal to A and B, sum(A,B) 
= Max(A,B).

5.3.2 � Nested Minds: Subset

Similarly of interest for the math of intelligences is the question whether in 
a nested constellation the mind in a subset could have a higher intelligence 
than the mind in the superset?

While intuitively it may seem that the mind in the subset is always less 
intelligent than the mind in the superset, this may not be the case given 
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Yampolskiy’s definition of intelligence that it is all about better and more 
efficient algorithms to turn information into knowledge [16]. Assuming that, 
according to Plato’s theory of Ideas [e.g., 17], algorithms exist independently 
and have just to be discovered rather than created, a scenario is imaginable 
that a mind in a subset happens to discover an efficient algorithm, which has 
not been discovered by the mind in the superset.

As mentioned above, one of the best known proposed nested constella-
tions of minds are simulations. For such a constellation, this would mean 
that a simulated mind could find a better algorithm to turn certain informa-
tion into knowledge than the simulating mind ever discovered, which would 
make the simulated mind more intelligent. Yet, the simulating mind would 
instantly get to know about the discovery of this algorithm (since the simu-
lating mind by definition is copied on all processes in the simulation), i.e., 
would harness the intelligence of the simulated mind.

This means that the intelligence of a simulating mind can increase over 
time through two ways: 1) if the simulating mind itself finds better algo-
rithms to turn information into knowledge or 2) if one of the simulated 
minds finds such better algorithms. At the same time, the intelligence of a 
simulating mind never decreases if we assume that a mind, which is intel-
ligent enough to run simulations, must also be intelligent enough to keep a 
perfect memory.

Probably an inherent feature of (many)2 simulations is that the subset of 
simulated minds changes over time through births and deaths. Based on the 
above insight, the intelligence of the simulating mind will be at least as high 
as the mind with the highest intelligence that ever inhabited the simulation, 
even if this mind has already passed away, since the simulating mind has 
access to all algorithms ever executed in the simulation.3

Therefore, it could be an incentive for a mind to simulate other minds as a 
tool to increase its own intelligence; hence, this may increase the likelihood 
that the second of the three propositions, which Bostrom uses in order to 
analyse the probability that our civilisation is currently living in a simula-
tion, is not true: “Any posthuman civilization is extremely unlikely to run a 
significant number of simulations of their evolutionary history (or variations 
thereof)” [11]. Usually two motivations are named, as, e.g., by Tierney, why 
a posthuman civilisation would run simulations: research purposes or enter-
tainment [18]. While research purposes are also about gaining knowledge, 
yet more through observation and monitoring, we are proposing here for 
the first time an additional motivation for running a simulation, which is to 
increase the intelligence of the simulating mind.

If this were the case, then a follow-up question would be whether a simu-
lating mind could influence the simulation so that odds are higher that more 
intelligence is exhibited? Would this be through quality or quantity of the 
simulated minds? If through quality, then perhaps the simulating mind could 
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focus on the simulation of other minds of whom it knows that their intelli-
gence is above a certain threshold, e.g., 150:

	 � � � � �x x i: ,mind i 150

This would raise the question how the simulating mind could determine 
the intelligence of a simulated mind beforehand? We postulated above that 
the simulating mind might hope to benefit from increases of the intelligence 
of the simulated minds through discoveries of efficient algorithms. However, 
the simulating mind might have strategies to simulate minds that are prom-
ising to develop in this way.

If through quantity a simulating mind may try to maximise the number 
of simulated minds. One strategy to do so would be by somehow getting 
simulated minds to the level that they can run simulations themselves, i.e., 
by generating nested minds within nested minds.

The simulating mind could keep track of the simulated minds through their 
unique identifier and would aim, depending on its resources, to simulate as 
many as possible for a reasonable time frame and analyse how the intel-
ligences of the simulated minds develop. Since also the time of the embodi-
ment and the surrounding peer minds matter, the simulating mind could 
also experiment by successively simulating/embodying the same mind in 
different contexts and compare the performance of its intelligence.

Another thought is whether this would perhaps decrease the chances that 
we ourselves are in a simulation since so far our civilisation would have 
probably not contributed much to a potential simulating mind in order to 
increase its intelligence. It would seem to be a waste of time and resources to 
let run first a long evolution, instead of starting the simulation already with 
a fairly advanced civilisation [19]. Also, for efficiency purposes, such a simu-
lating mind would probably run the simulated minds with a rather high pace 
to get results quicker. Yet our minds do not run particularly fast.

In this regard, we also have to consider nested minds within nested minds. 
For example, an advanced mind may have initiated a simulation with very 
intelligent minds in order to potentially increase its own intelligence as 
described above. Some of these simulated minds may have developed the 
capacity to run their own simulations, yet with less smart minds as they may 
have different capacities, intellectual as well as in terms of computational 
resources, or motivations to run simulations as the overall simulating mind. 
So, could we be one simulation on such a deeper level?

A special case would be if a simulated mind were encrypted. Then, the sim-
ulating mind would not be able to get access to its information. We have to 
distinguish between two sub-cases: 1) the simulated mind has the ability to 
encrypt some or all of its activities or 2) the simulating mind has encrypted the 
activities of the simulated mind. We shall not look here at the perhaps unlikely 
motivation why simulating minds may decide to encrypt their simulations.
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Encrypted minds in a simulation would be the only scenario where a mind 
in the subset could have a higher intelligence than the mind in the superset. 
This would be the case when the mind in the subset discovers better algo-
rithms to turn information into knowledge than the mind in the superset 
ever knew of, and the mind in the superset will not find out about it since it 
cannot decipher the encryption.

5.3.3 � Subtracted Minds: Complement of a Set

Not much research has been conducted regarding the set operation “comple-
ment”. Yet as part of the mathematics of intelligences, it is relevant to for-
malise how the intelligence of a grouped mind changes if certain minds are 
deducted from it.

There are two types of complements: absolute and relative. If A is a set, 
then the absolute complement of A is the set of elements, which are not in A. If 
A and B are sets, then the relative complement of A in B is the set of elements 
which are in B but not in A.

We look first at the relative complement: The deduction of one member or 
more (which equals A in the above definition) from a group of minds (which 
equals B in the above definition) can be visualised either as the ending of 
the embodiment of a particular mind, i.e., its death, or as a withdrawal from 
the group so that the intelligence of that particular mind does not contribute 
anymore to the overall intelligence of the group.

Let us look at the specific example whether and how the intelligence of 
humanity has changed after the deduction of Einstein’s intelligence, which 
occurred on 18 April 1955, the day of his death:
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The question we are looking at is the relationship between ibefore, the intel-
ligence of humanity before Einstein’s death, and iafter, the intelligence of 
humanity after Einstein’s death.4 As mentioned before, the time of embodi-
ment and the level of development of the grouped mind are critical again. 
Since Einstein’s work was very well documented and probably none of his 
relevant ideas got lost (unless he deliberately did not publish them), we 
may assume that after the deduction of his mind with the intelligence iEinstein, 
the intelligence of humanity remained the same, i.e., ibefore = iafter. In other 
words, the grouped mind has absorbed the intelligence of its former mem-
ber Einstein. This was only possible, since the intelligence of the grouped 
mind was already on a certain level, while, e.g., an embodiment of Einstein 
in Stone Age would have taken place differently at least in the following 
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two aspects: 1) the intelligence of Einstein would have almost certainly not 
reached the level it had reached in the 20th century, i.e.:
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The overall intelligence of humanity in Stone Age (or rather the community 
within which Einstein lived in this thought experiment since there was no 
global community at this time) would have been reduced after his demise, 
since the grouped mind was not at a level then to absorb his intelligence.

In general, for the relative complement, two points are relevant: 1) Did 
the deducted mind(s) make a significant contribution to the intelligence of 
the grouped mind? 2) If yes, was the intelligence of the grouped mind suf-
ficiently advanced to harness the intelligence of these minds prior to their 
deduction? The latter point is also time-critical: e.g., if a human expert on 
a certain topic joins a group of humans for one hour only, this may not be 
enough time for the rest of the group to “pick that person’s brain”. Yet, for 
minds based on substrates that allow electronic exchange of information, one 
hour is likely to be sufficient to copy critical information from another mind 
that is connected to them for this time period only.

Moving on to the absolute complement, we would look at deducting minds 
from the universe of all possible minds. Basically, only two cases have to be 
distinguished, whether among the deducted minds is the one with the high-
est intelligence in the universe of all possible minds or whether that mind is 
not among the deducted ones.

In the first case, the overall intelligence of the complement will remain the 
same, which is the highest intelligence in the universe according to the Max 
function introduced above. In the second case, the Max function is also rel-
evant because after the deduction of the mind with the highest intelligence, 
the intelligence of the complement equals the intelligence of the mind, which 
has the highest intelligence of all remaining minds.

5.4 � Conclusion

We presented an introduction to the mathematics of intelligence. Our 
approach uses the set theory and then describes novel insights in set unions 
and complements as well as subsets of minds and the resulting intelligence. 
These findings can be seen as another contribution to the new field of “intel-
lectology” [1]. Since this field of study is still in its infancy, also this work 
on mathematics of intelligence has to be considered as groundwork, which 
offers various routes for expansion.
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In further research, we may look at other more complex set operations 
such as the symmetric difference, the Cartesian product or the power set and 
determine the resulting intelligence.

Notes

	 1	 See below for a definition of intelligence.
	 2	 There are also simulations imaginable without the anthropomorphic concepts of 

births and deaths, i.e., inhabited by a stable number of immortal minds.
	 3	 If we look at the global brain approach by Heylighen, which was introduced 

above, there is the similar phenomenon that we preserve discoveries from ances-
tors, which means in an abstract way to keep particular algorithms over time [8]. 
Yet, at times, before printing and other information technologies were invented, 
there have been various instances of forgotten discoveries.

	 4	 Also, many other humans passed away on 18 April 1955, but we assume their 
contribution to the overall intelligence of humanity to be negligible compared 
with Einstein’s contribution.

References

	 [1]	 Yampolskiy, R.V. (2015) Artificial Superintelligence: a Futuristic Approach, Florida: 
Chapman and Hall/CRC Press.

	 [2]	 Sloman, A. (1984) “The Structure and Space of Possible Minds” In The Mind and 
the Machine: Philosophical Aspects of Artificial Intelligence (S. Torrance, ed.), Ellis 
Horwood LTD, pp. 35–42.

	 [3]	 Goertzel, B. (2006) The Hidden Pattern: A Patternist Philosophy of Mind, Boca 
Raton: Brown Walker Press.

	 [4]	 Yudkowsky, E. (2008) “Artificial Intelligence as a Positive and Negative Factor” 
In Global Risk, in Global Catastrophic Risks (N. Bostrom and M.M. Cirkovic, eds.), 
Oxford: Oxford University Press, pp. 308–345.

	 [5]	 Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N., and Malone, T. W. 
(2010) “Evidence for a Collective Intelligence Factor in the Performance of 
Human Groups”, Science, 330 (6004): 686–688.

	 [6]	 Bates, T.C., and Gupta, S. (2016) “Smart groups of smart people: Evidence for 
IQ as the origin of collective intelligence in the performance of human groups”, 
Intelligence, 60: 46–56.

	 [7]	 Goertzel, B. (2003) “Mindplexes - The Potential Emergence of Multiple Levels 
of Focused Consciousness in Communities of AI’s and Humans” in Dynamical 
Psychology. https://www.goertzel.org/dynapsyc/2003/mindplex.htm

	 [8]	 Heylighen, F. (2011) “Conceptions of a Global Brain: an historical review”, 
Evolution (Uchitel Publishing House), (1): 274–289.

https://www.goertzel.org/dynapsyc/2003/mindplex.htm


80� Considerations on the AI Endgame

	 [9]	 Sotala, K., and Valpola, H. (2012) “Coalescing Minds: Brain Uploading-Related 
Group Mind Scenarios”, International Journal of Machine Consciousness, 4 (1): 
293–312.

	 [10]	 Yampolskiy, R. V., Ashby, L., and Hassan, L. (2012) “Wisdom of Artificial 
Crowds – a Metaheuristic Algorithm for Optimization”, Journal of Intelligent 
Learning Systems and Applications, 4 (2): 98–107.

	 [11]	 Bostrom, N. (2003) “Are You Living In a Computer Simulation?”, Philosophical 
Quarterly, 53 (211): 243–255.

	 [12]	 Kelly, K. (2007) “A Taxonomy of Minds”, Accessed October 1, 2018, https://
kk.org/thetechnium/a-taxonomy-of-m/.

	 [13]	 Yampolskiy, R.V. (2012) “Leakproofing Singularity - Artificial Intelligence 
Confinement Problem” Journal of Consciousness Studies, 19 (1–2): 194–214.

	 [14]	 Legg, S., and Hutter, M. (2007) “Universal Intelligence: A Definition of Machine 
Intelligence”, Minds and Machines, 17 (4): 391–444.

	 [15]	 Hernández-Orallo, J. (2016) The Measure of All Minds, Cambridge: Cambridge 
University Press.

	 [16]	 Yampolskiy, R.V. (2013) “Efficiency Theory: A Unifying Theory for Information, 
Computation and Intelligence”, Journal of Discrete Mathematical Sciences & 
Cryptography, 6 (4–5): 259–277.

	 [17]	 Ross, W. D. (1951) Plato's Theory of Ideas, Oxford: Clarendon Press.
	 [18]	 Tierney, J. (2007) “Our Lives, Controlled From Some Guy’s Couch” in New 

York Times, August 14, 2007, https://www.nytimes.com/2007/08/14/science/ 
14tier.html.

	 [19]	 Yampolskiy, R.V. (2016) “On the origin of synthetic life: attribution of output to 
a particular algorithm”, Physica Scripta, 92 (1): 1–10.

https://kk.org/thetechnium/a-taxonomy-of-m/
https://kk.org/thetechnium/a-taxonomy-of-m/
https://www.nytimes.com/2007/08/14/science/14tier.html
https://www.nytimes.com/2007/08/14/science/14tier.html


81DOI: 10.1201/9781003565659-7

6
Designometry: Formalisation of Artefacts  
and Methods

Soenke Ziesche and Roman V. Yampolskiy

6.1 � Introduction

Yampolskiy introduced the field of designometry, which aims to detect sig-
natures of originators within artefacts. Owing to the diversity of artefacts, 
this type of research is currently pursued independently in different domains 
[1]. Therefore, Yampolskiy proposes an overarching approach through syn-
ergies and particularly through consolidation of methods of analysis from 
specific domains [1]. As he highlights, there could be a particular demand in 
the future to determine the originators of a specific type of artefacts, which 
are artificial or engineered life forms or minds.

In this chapter, we tackle this problem by presenting a survey of artefacts 
and a survey of designometry. In the survey of artefacts, we summarise 
existing definitions and ontologies, followed by an innovative approach to 
describe the space of artefacts by allocating identification numbers to them. 
In the designometry survey, we describe fields, which pursue designome-
try albeit not calling it that. Thereafter, we analyse the tools and methods 
of these fields and infer one abstract axiom as well as general heuristics for 
anyone trying to profile creators of artefacts, with a special focus on artificial 
minds. We also establish a link to the field of intellectology, which has been 
introduced by Yampolskiy [2].

6.2 � Artefacts

6.2.1 � Definition

Artefacts have been a topic in philosophy for a long time. Aristotle distin-
guished between things “that exist by nature” and those existing “from other 
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causes” [3]. For the latter group, he names a bed or a coat as examples and 
calls them “artificial products”, since it requires an art of making things.

In the meantime, various other definitions for artefacts have been provided, 
which do not differ very much. For our purposes, the one by Hilpinen is suf-
ficient: “An object is an artefact if and only if it has an author” [4, p. 156–157]. 
In the literature instead of author also creator, originator or agent is used.

6.2.2 � Ontology

While artefacts have been described already for a long time as the definitions 
above show, formal ontologies have been developed only much more recently 
[5]. Around the end of the 20th century, research towards formal knowl-
edge representation systems intensified, since this was required for various 
applications in the IT field. Borgo and Vieu present a detailed approach to 
extend formal ontologies for knowledge representation to include artefacts 
[6]. Among various existing ontologies, they propose that the Descriptive 
Ontology for Linguistic and Cognitive Engineering (DOLCE) is best suited 
for artefacts [7].

Borgo and Vieu added to existing categories in DOLCE the category of 
Physical Artefact, which became a subcategory of Physical Endurant, and 
thus a sibling of the categories Amount of Matter, Physical Object and 
Feature [6]. Furthermore, they made use of the quality feature in DOLCE by 
assigning all physical artefacts a single individual quality named capacity 
that characterises the capacities of the artefacts. This new quality enabled 
Borgo and Vieu to formalise a series of notions based on philosophical dis-
tinctions as well as common sense intuitions.

There are various ways to categorise artefacts according to their qualities. 
As this is a wide topic of philosophical research [8], here only the most impor-
tant categories are mentioned: an example for a singular, concrete object 
would be the Eiffel Tower in Paris. If the simulation of universes turns out 
to be feasible, then a simulated universe would be an extreme example for a 
singular, concrete object. As opposed to singular objects, which are unique, 
there are also artefacts, which have more than one or many instances. The 
instances of such artefacts have the same blueprint and the same character-
istics. An example would be paper clips. A particular instance of this type 
of artefact would be in this example a specific paper clip. As opposed to 
concrete objects, artefacts can also be abstract. An example would be a text 
or any object in a digital environment. The above categories can be divided 
further in subcategories. For example, singular, concrete objects may be 
independent or dependent. An example for an independent object would 
be a chair. As opposed to this singular, concrete dependent objects cannot 
exist without a substrate. An example would be a tunnel under a mountain. 
This object cannot be detached from that mountain. In addition to numerous 
other criteria such as the method of manufacture, material properties or the 
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intended use of the artefact, it can also be distinguished if an artefact has one 
author or more than one author (collectively produced artefacts) or whether 
the artefact is intended by the author or unintended. For example, when a 
tailor makes a coat for his customer, his intention is to make a coat of a cer-
tain size and style, but he also produces scraps of cloth as by-products of her 
work. Moreover, there are also biological artefacts, which are based on DNA 
sequences that are not found in nature, i.e., artificial recombinant molecules.

6.2.3 � Space of Artefacts

As shown above, there have been various approaches to classify artefacts, yet 
there appears to be no attempt to describe the space of artefacts by allocating 
artefacts identification numbers.1

Every ever-produced artefact can be assigned a unique identification num-
ber based on two parameters: the location2 coordinates and time where and 
when the creator initiated the production of the artefact. (This also includes 
then unfinished or “work-in-progress” artefacts as they are already consid-
ered artefacts once the production has begun.) Already these two param-
eters allow for unique identification of artefacts, including those, which have 
many instances, e.g., paper clips. Even in factories where a large number of 
paper clips are produced, the location and time of the beginning of their pro-
duction differs if the coordinates are sufficiently fine-tuned.

For dependent artefacts, the location never changes, e.g., the Eiffel Tower, 
while others are moved around, yet for identification, the location coordi-
nates are used where its creation began. In the same way, unique identifica-
tion numbers can be assigned to abstract artefacts. Obviously, there are many 
location–time pairs, which do not represent artefacts (i.e., every pair, where 
and when no creation of an artefact began).

Yampolskiy suggested that the Kolmogorov Complexity measure could be 
applied to identification numbers representing mind designs, e.g., to deter-
mine whether shorter representations of the original number are possible [2]. 
The same idea could be transferred to the identification numbers of artefacts.

Based on this approach of location–time pairs, it can be inferred that the set 
of identification numbers of artefacts is finite.

As shown, these two parameters (location and time) allow already for 
unique identification of artefacts, yet a third interesting parameter would be 
the creator of the artefact. Creators of artefacts have always a mind (which 
distinguishes artefacts from other objects created by nature), and Yampolskiy 
has shown that the space of potential minds is infinite but countable, which 
enables us to use the identification number of a mind as third parameter and 
define the space of artefacts as follows [2]:

	

Space of artefacts l A mindm initiated the production of� m t, , |��
�an artefact at the timet and the location l
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As we now have three parameters, also the possible subsets with the car-
dinal number 2, i.e., creator–location and creator–time, allow for unique 
identification of artefacts. Similarly, there are many creator–location and cre-
ator–time pairs, which do not represent artefacts.

For various reasons and within different sciences, it is of interest to uncover 
the time of creation, the location of creation and/or the creator of an artefact. 
The particular process to identify the creator of an artefact has been called 
“designometry” by Yampolskiy [1].

6.3 � Designometry Survey

6.3.1 � Definition

Yampolskiy introduced designometry as a subfield of intellectology [1, 2, 9] 
and describes it as the field of study, which aims “to uncover a ‘signature’ of 
the originator in the artefact and from it to identify the agent responsible or 
to at least learn some properties, of the design process, which produced the 
artifact”. Yampolskiy highlights that designometry could become particu-
larly relevant for potentially engineered life or minds [1]. Looking at the cre-
ator–location–time triple defined above to identify artefacts, designometry 
is exploring ways to retrieve the first parameter of the triple, i.e., the creator.

The finite set of all artefacts can be split into the two subsets of all those 
artefacts whose creators can be identified and those artefacts whose creators 
cannot be identified. However, this subdivision depends on two more param-
eters, which are the types of minds [2] who are pursuing the designometry 
and the times of their embodiment. Certain types of minds may have the 
capacity/intelligence to successfully identify the originators of certain arte-
facts after a certain time of embodiment, involving education, research, etc., 
while this may be beyond the capacity/intelligence of other minds.

Essentially, designometry is a two-stage process, which looks successively 
at the following two questions:

	 1)	Is an object an artefact?
	 2)	If yes, is it possible to identify the mind who created this artefact?

Within various sciences, the quest for the creator of artefacts is part of the 
research—a fact that motivated us to introduce classifications of artefacts 
above. The type of artefact differs depending on the particular science, and 
methodologies are usually not coordinated among the sciences. It is an aim 
of designometry to create synergies so that sciences could benefit from each 
other in their studies. Therefore, in what follows we survey all these fields 
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in which relevant work is done and try to abstract away details about the 
field, while keeping the methods in an effort to extract generic methods of 
designometry. As we will see, some of these fields focus only on the second 
question above, since by definition of their domain, they deal with artefacts 
only, e.g., stylometry, while for other domains, both questions are relevant, 
e.g., archaeology.

6.3.2 � Archaeology/Archaeometry

Archaeology is the classic science dealing with artefacts. Archaeology is 
restricted to artefacts produced by humans and deals mostly with concrete 
artefacts, since over 99% of the human development has occurred before 
abstract artefacts such as written texts or digital objects existed. Different 
phases can be distinguished: a significant amount of time and resources of an 
archaeological investigation are dedicated to survey areas of interest and to 
uncover artefacts, often through excavation. Only in the subsequent phase, 
the artefacts are analysed, for which methods of archaeometry are applied. 
Sophisticated techniques have been developed to determine the time of cre-
ation as well as the function of unknown artefacts, while the identification 
of a specific creator of an ancient artefact is in many cases neither possible 
nor pursued. An example for uncovering a signature within archaeometric 
research is provided by Labati et al. for the specific case of latent fingerprints 
on clay artefacts [10]. To distinguish this domain from the other ones below, 
it can be stated that archaeology and archaeometry do neither deal with bio-
logical artefacts nor concentrate on abstract ones, which are both of interest 
for designometry.

6.3.3 � Artimetrics

Yampolskiy and Gavrilova introduced the innovative field of artimetrics as 
an extension to the known domain of biometrics [11]. In addition to be able to 
identify, classify and authenticate biological entities through sensors, which 
is the field of biometrics, the need arose to be able to do the same with their 
virtual representatives, i.e., embodied as well as virtual robots, software, and 
virtual reality agents. The field of artimetrics aims to identify such artificial 
entities based on their outputs or behaviour. In the ontology above, it was 
mentioned that artefacts could be abstract or virtual.

6.3.4 � Astrobiology

Astrobiology is a science, which, among other things, examines whether 
extant or extinct life in the universe exists or existed, of which we are not 
aware, and if yes, through which methods it can be detected. One established 
yet up to now unsuccessful method is to monitor electromagnetic radiation 
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for signs of transmissions from other life outside earth. To complement these 
efforts, Freitas proposed the Search for Extraterrestrial Artefacts based on his 
“Artifact Hypothesis: A technologically advanced extraterrestrial civilisation 
has undertaken a long-term programme of interstellar exploration via trans-
mission of material artifacts” [12]. He distinguishes four classes of potential 
artefacts: astroengineering, self-replicating artefacts, passive artefacts and 
active probes. In this regard, astrobiology would be an example where both 
issues above are relevant: first, objects have to be identified as artefact, which 
is potentially followed by the quest for the creator. However, Haqq-Misra 
and Kopparapu show that despite long-lasting searches, non-terrestrial arte-
facts would likely remain not be detected because of the vastness of the uni-
verse [13]. Wright suggests considering “a prior indigenous technological 
species” in our solar system; thus, earth or nearby planets would have to be 
scrutinised for artefacts of such species [14].

6.3.5 � Behavioural Biometrics

Due to the proliferation of interaction between humans and electric devices, 
the need for various authentication methods increases. In addition to often 
used unique physiological characteristics of a user, another category is unique 
behavioural characteristics. The latter have been surveyed by Yampolskiy 
and Govindaraju and can be divided into behaviours that produce artefacts, 
e.g., texts, emails, sketches or programming codes, and those which do not 
produce outputs, e.g., car driving style, game strategies, lip movements 
or mouse dynamics [15]. These artefacts in the first category may include 
unique signatures of the user, which can be further analysed through stylo-
metric methods, which are introduced below.

6.3.6 � Forensics Science

Forensic science concerns the collection and analysis of evidence linked to 
a criminal investigation. A subset of the evidence could be artefacts, e.g., an 
exploded or unexploded device, in which case the identification of the cre-
ator may advance the criminal investigation.

The subfield digital forensics addresses evidence found in digital devices, 
which becomes more and more relevant. All such evidences are abstract arte-
facts. Methods to identify the authors of such digital content are described 
below under “Code stylometry”.

6.3.7 � Stylometry

Stylometry is a domain, which initially focused on the particular artefact of 
written texts, i.e., the identification of an author of an anonymous or dis-
puted text. There it is sometimes called authorship attribution. This field has 
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progressed recently a lot due to the availability of a large digital text corpus, 
which can be utilised for statistical analysis. Moreover, stylometry has been 
extended to other areas of creative artefacts. Backer and van Kranenburg 
deliver an approach for the subfield of musical stylometry based on statisti-
cal pattern recognition [16]. Various approaches also tackle the subfield of 
visual stylometry [e.g., 17–19]. The prime motive is often to find methods 
to authenticate songs and paintings, respectively, and at the same time to 
uncover forgery.

6.3.7.1 � Code Stylometry

Code stylometry is the subfield, which aims to find methods to de-anonymise 
the creator of programming codes, which is also motivated to improve detec-
tion of plagiarism. Code stylometry is particularly interesting, since auto-
mated methods through machine learning have been developed which can 
be applied to a large code corpus. Caliskan-Islam et al. examine machine-
learning methods to identify source code authors of C/C++ using coding 
style [20]. A distinction has to be made whether source code or merely com-
piled binary code is available for analysis. Binary code is much harder to 
de-anonymise, which was tackled, e.g., by Rosenblum et al. [21] and further 
expanded by Caliskan-Islam et al. [22].

6.3.8 � Simulation Detection

Bostrom analysed the likelihood that we are living in a computer simula-
tion [23]. If this were true, our universe itself would be an artefact (and the 
set of naturally occurring things in our universe would be empty), and the 
identification of its creator/simulator would be of high scientific interest, yet 
extremely difficult if not impossible. Due to these challenges, there are not 
many (scientific) attempts in this regard. For example, Hsu and Zee argue that 
cosmic microwave background could be used as a communication channel 
with a potential creator/simulator [24]. Beane et al. take a different approach 
and aim to show that a simulator could be in principle detected because of 
the finiteness of resources [25]. Both these methods of designometry would 
differ from all the other methods listed here.

6.3.9 � Synthetic Biology

Synthetic biology is an interdisciplinary field, which is still in early stages 
and examines the design and construction of new biological entities or the 
redesign of existing biological entities [e.g., 26]. For various reasons, it can be 
of interest based on the resulting biological artefact to identify its creator. The 
creator may have placed, e.g., intentionally a signature in the DNA, which 
is called steganography [27] and is the practice of concealing information 
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within unsuspicious cover carriers. Beck et al. provide an approach to find 
such messages and thus possibly identify the author [28]. If the creator has 
left no such message, potentially methods from code stylometry could be 
applied, i.e., looking for specific patterns in the synthetic code to reveal the 
author’s identity.

6.4 � Designometry Methodologies

In this section, we aim to present generic methods for designometry, either 
by deriving them from the individual methods applied by the above fields, 
which use designometry, or by introducing original techniques. These meth-
ods constitute of one axiom and a set of heuristics. As described, designom-
etry is a two-stage process, each stage using different approaches, which is 
reflected in the structure of this section.

6.4.1 � Is an Object an Artefact?

Some of the fields above have to address this question first, e.g., archaeol-
ogy, while others do not have to since by definition they exclusively deal 
with artefacts, e.g., stylometry. As described above, even for biological 
samples, this question may be relevant and they may turn out as artefacts. 
While synthetic biology deals with the manufacture of new biological enti-
ties, the reverse question “how to separate engineered from natural biologi-
cal entities” has not received a lot of attention in the literature of the field. 
Yampolskiy stresses that precisely this issue could become very important 
in the future because of expected advances in synthetic biology, which may, 
however, lead to unforeseeable and undesirable consequences [1].

We propose the following axiom to determine whether an object is an 
artefact.

Axiom 1
An object is an artefact if it contains writing.
We define writing as a means of communication that uses signs. Therefore, 

if written signs can be found in an object, we conclude that the object is an 
artefact. Signs are studied in the field of semiotics. We use here the dyadic3 
approach by Saussure, which distinguishes between a signifier, i.e., the 
form a sign takes, and the signified, i.e., the concept a signifier refers to [30]. 
Written signs can be iconic or symbolic.4 Iconic signs are characterised by a 
similarity between signifier and signified. An example is a drawing of a chair. 
Symbolic signs are arbitrary, and the relation between signifier and signified 
is conventional within a particular language. An example is the writing of 
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the word “chair”. This means symbolic signs can be anything as long as there 
is a social convention about its meaning.5

Symbolic signs, which are the main subject of Saussure’s research, create 
for the above axiom the challenge to identify writing in an artefact. This chal-
lenge would be particularly hard for artefacts, which were created by a type 
of mind whose written language humans do not know. Using Saussure’s 
terms, the twofold challenge is not only to get an understanding of the signi-
fier, but before to determine whether any material within an artefact consti-
tutes at all a signifier.

Ways to tackle these challenges are explored in the subfield exosemiotics. 
Exosemiotics studies signs that theoretically could be understood by other 
minds [e.g., 31]. An early attempt is the constructed language Lincos, which 
Freudenthal created to be understandable by any possible intelligent mind 
[32]. Yet the space of possible minds is vast [e.g., 2] and so could be poten-
tially their respective use of signs.

Once an object has positively been declared to be an artefact, the second 
designometric query has to be tackled, which we approach by the following 
heuristics:

6.4.2 � Is It Possible to Identify the Mind Who Created This Artefact?

6.4.2.1 � Heuristic b.1

One option to identify the mind who created the artefact is to look for an 
intentional signature.

This heuristic is relevant for artefacts where the creators intentionally 
included writing, which allows backtracking to the creator. In trivial cases, 
these could be literally signatures or other physical or digital watermarks, 
which serve for copyright protection. Yet these signatures could also be 
forgeries, which is another field of research. Intentional signatures on arte-
facts are relevant in forensic science as they may serve as claim of respon-
sibility for a misdoing. One example would be illegal graffiti with so-called 
tagging as a form of personal expression. Likewise, forensic scientists have 
to be aware of forgeries. A special case is intentional but hidden signa-
tures, which was introduced above as steganography and is explored, e.g., 
in synthetic biology.

In some contexts, the identification of a species as creator instead of an 
individual is already sufficient. This is the case quite often in archaeometric 
research, but also in astrobiology, it would be an unprecedented success if 
an artefact with a signature of a species not originating from earth could 
be found. An example for such an artefact would be the so-called Pioneer 
plaques, which travelled to space on board the Pioneer 10 and Pioneer 11 
space probes in 1972 and 1973, respectively. These plaques contain a pictorial 
message, based on exosemiotic considerations, for a potential encounter with 
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extraterrestrial life, for whom it is intended to be sufficient to identify the 
human species as creator of this artefact rather than the human individuals 
involved in the production of the plaques.

6.4.2.2 � Heuristic b.2

One option to identify the mind who created the artefact is to look for an 
unintentional signature.

While intentional signatures often signal that the creator wants to be linked 
to this artefact and no scientific work for identification is required, the situ-
ation is different when the creator obviously does not want to be identified 
and searching for unintentional signatures is used as a method to do so.

This heuristic is even more common in forensic science than b.1, since usu-
ally culprits do not want to be identified. Therefore, methods of forensic sci-
ence focus on the revelation of unintentional signatures at artefacts linked to 
a crime such as fingerprints or more recently DNA. The search for signatures 
is not a priority within archaeometric research, but one example by Labati 
et al. about latent fingerprints on clay artefacts was mentioned above [10].

Other types of unintentional signatures would be certain patterns, which 
could be unambiguously retraced to the creator. Two categories can be distin-
guished: whether it is attempted to detect the pattern from the design and/
or the behaviour of the artefact or from the underlying code, which defines 
the artefact.

Examples for the first category would be artimetrics and behavioural bio-
metrics. Here, a black box approach is applied and the search for patterns 
focuses on the observed properties, output or behaviour. Another example 
is the nests of weaverbirds. Bailey et al. describe how nests can be attributed 
to individual weaverbirds through computer-aided image texture classifica-
tion [33]. The signatures have to be considered unintentional if we assume 
that the minds of the creators are not sufficiently sophisticated. Also, in cer-
tain contexts, the identification of a species through unintentional signatures 
instead of an individual is already scientifically satisfying. This is the case for 
many animal-built structures [34].

An example for the exploration of patterns in the code would be code sty-
lometry. In the context of biological entities, the distinction above could be 
formulated as to search for a signature in the phenotype or in the genotype 
of the organism. Overall, the availability of a code or genotype is preferred, 
since this allows performing more precise analysis of a specific dataset.

If the desirable code is not at hand, another tool related to designometry 
becomes relevant, which is reverse engineering. This is the process of taking 
an artefact and trying to obtain knowledge about its construction plan or 
its code. Reverse engineering can be hard and costly. Villaverde and Banga 
provide an overview of available reverse engineering methods for biologi-
cal entities, which is relevant, since our special interest lies in designometry 
related to engineered life [35].



Designometry� 91

Therefore, reverse engineering can be seen as a function from the space of 
artefacts, represented by the set of identification numbers of artefacts, to the 
code of the artefact, whereby the artefacts are represented by its identifica-
tion number:

	 re : artefacts code� �� � � �

Artefacts with more than one instance have individual identification num-
bers as defined above but share the same code; thus, this function is not 
bijective.

6.4.2.3 � Heuristic b.3

One option to limit the set of minds who created the artefact is to focus on 
those minds who have a motive, goal or drive to create this artefact (and to 
potentially sign it).

Artefacts are created for a reason; thus, the potential creators of a particular 
artefact can be narrowed down to the subset of minds that have a motive, 
goal or drive to create this artefact. In forensic science, potential motives for 
a crime play an important role. According to Bostrom’s orthogonality thesis, 
the goals and the intelligence levels of minds are independent of each other 
[36]; hence, the heuristics b.3 and b.4 are independent. Regarding artefacts, 
which are created by artificial minds, Omohundro [37, 38] defines general 
drives for such activities: efficiency, self-preservation, acquisition and cre-
ativity. This heuristic addresses also potential writing on the artefact, which 
is relevant for the above axiom and heuristics, as this may reveal a sub-goal 
by the creator to not only produce the artefact but also to sign it.

6.4.2.4 � Heuristic b.4

One option to limit the set of minds who created the artefact is to focus on 
those minds who have the necessary skillset, education and intelligence to 
create this artefact.

Apart from artefacts, which minds can create only because of their genetic 
predisposition, it requires intelligence as well as education to create certain 
artefacts, which only a subset of minds acquires. For example, for a long 
time, only Chinese and Japanese had the knowledge and skills to produce 
porcelain, while the production of European porcelain only started in 18th 
century. Therefore, the set of creators of any porcelain produced before 1700 
can be limited to Chinese and Japanese minds.

The minds with a certain skillset to create certain artefacts could be sub-
sets within a species, but also whole species. Above we introduced animal-
built structures, and, e.g., if we look at the artefact spider webs, it has many 
instances, but the set of potential creators is limited to the set of spiders.
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It has to be noted that the creator does not have to be the inventor of a 
particular artefact but has acquired the skills to produce the artefact. The 
inventor of an artefact with more than one instance could be identified by 
checking which creator–location–time triple of all instances of this artefact 
has the lowest/earliest time number and, thus, to determine when this arte-
fact was produced for the first time.6

The degree of skills required to produce an artefact varies highly. It can be 
inferred that the more sophisticated the artefact is, the smaller is the subset 
of minds who is able to create this of artefact. As designometry aims to focus 
on sophisticated artefacts such as artificial minds in particular, this heuristic 
could be useful.

6.4.2.5 � Heuristic b.5

One option to limit the set of minds that created the artefact is, if the time 
and the location coordinates when and where the production of the artefact 
was initiated can be determined, to look only at minds who were embodied 
at this time and were able to reach this location.

As established above, all artefacts can be defined through a creator–
location–time triple, and designometry addresses the quest for the creator. 
However, the other two parameters could be supportive as this heuristic 
shows.

This heuristic is, e.g., applied in archaeology and also in forensic science. 
While in archaeometric research, it is often satisfying to limit the set of cre-
ators to a certain epoch, in forensic science, the manhunt is for specific indi-
viduals. Therefore, the whereabouts of suspects in relation to artefacts, which 
are linked to the investigation, constitutes critical information.

6.4.2.6 � Heuristic b.6

One option to identify the mind who created the artefact is to look for wit-
nesses, testimonies, coverage, footage, logfiles or sensor data of the creation 
of the artefact.

According to this heuristic information about the creator of an artefact 
could be gathered if another mind or another sufficiently equipped artefact 
has witnessed the creation of the artefact. On this heuristic, we have to rely 
especially if the artefact does not exist anymore. One example would be the 
Seven Wonders of the Ancient World, of which nowadays only the Great 
Pyramid of Giza still is in existence. That the other six also existed and that, 
e.g., the creator of the Statue of Zeus at Olympia was a Greek sculptor named 
Phidias we have to believe because of testimonies.

For testimony by humans, the criterion of credibility is relevant. However, 
more and more features and activities in the physical world are captured 
electronically, e.g., through sensors. These data naturally include also 
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evidence about creation of artefacts. This could be relevant for the creation 
of artefacts, which involves computers such as artificial minds, as logfiles or 
similar digital traces may link to the creator.

Although the introduced axiom and heuristics mark an early phase of 
designometry, the envisaged contributions of designometric methods can be 
summarised as follows:

To provide synergies to fields, which have the overlapping sub-goal to 
identify creators of artefacts but which did not cooperate much yet and 
enhance as well as consolidate their efforts.

To provide time-critical input to AI safety from an innovative angle as the 
heuristics are applicable to the subset of artificial minds.

6.4.3 � Designometry as a Sub-Branch of Intellectology

As Yampolskiy suggested, designometry can be seen as a subfield of intellec-
tology [1], which was introduced by Yampolskiy in order to examine in more 
detail features of the space of minds [2]. More precisely, designometry can be 
seen as a function from the space of artefacts to the space of minds.

	 d : artefacts minds� �� � � �

Since we have shown that artefacts can have identification numbers assigned 
to and Yampolskiy has done the same for the space of minds, this is a func-
tion between natural numbers [2]:

	 d :  � �

This means that the designometry function maps the unique identification 
number of an artefact to the unique identification number of the mind of 
its creator. A special case is the category “collectively produced artefacts”, 
which was introduced above. These artefacts have more than one creator, 
i.e., the identification number of the artefact is mapped on a set of numbers, 
which are the identification numbers of all its creators.

As shown above, an intermediate stage is often (but not always) to map the 
artefact to its code, in which then hints for the mind, who created the artefact, 
may be found.

The introduction of the creator–location–time triple enables us to define 
further interesting sub-categories. Creator–time pairs for artefacts are only 
possible during the time period when the creator with this particular mind 
has been embodied—a fact that is utilised in heuristic b.5. An interesting 
set is, e.g., the set of all artefacts produced by a particular mind during its 
embodiment.
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Of particular relevance is the set of artefacts that comprises all artificial 
minds, which can also be referred to as the set of not naturally occurring 
minds within the space of possible minds, and the question which minds 
are capable to create them (see heuristic b.4)? In other words, for the set 
of artificial minds, what is the set of potential creators within the creator–
location–time triple?

Artificial minds constitute the intersecting set of the set of minds and the 
set of artefacts. Since artificial minds may also produce other artefacts, a 
nested constellation emerges. This raises further interesting questions: what 
is the set of artefacts that can only be produced by artificial minds, but not by 
naturally occurring minds? Are there artefacts, which can only be produced 
by those artificial minds, which themselves have been produced by artificial 
minds? This question can be applied to deeper levels of nesting too. In this 
regard, it makes probably sense to distinguish between offsprings of artificial 
minds resulting from reproduction, which are by definition also artefacts, 
and those artefacts, which are produced by artificial minds outside of repro-
duction. One trivial conclusion is that the time parameter of the creating 
mind must be lower than the time parameter of the created mind.

Through the introduced methodologies of designometry, various sets and 
subsets of artefacts can be defined as partly illustrated in Figure 6.1.7

Figure 6.1 Categories of artefacts including artificial minds.
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6.5 � Conclusion and Future Work

We have presented two surveys, a survey of artefacts and a survey of 
designometry. We demonstrated how these surveys are interconnected. The 
new field of designometry aims to find general tools and methods to iden-
tify the creator of artefacts. Currently this field is divided into specialised 
subfields for particular purposes, e.g., criminal investigation, or particular 
artefacts, e.g., fine art.

We aimed to provide a bigger picture by specifying the space of artefacts 
through a creator–location–time triple and extracted the two-stage process 
that first it has to be ascertained that an object is an artefact and then the 
quest for the creator has to be tackled. For both stages, we have formulated an 
axiom and general heuristics, some of which were partly and rather implic-
itly applied before and some of which are innovative. We have determined 
that writing on an object is a clear indicator that the object is an artefact. For 
the identification of the creator the examination of the code for signs appears 
to be more promising than scrutinising properties or behaviour of an arte-
fact. Therefore, procedures such as reverse engineering to obtain the code are 
a relevant instrument for designometry.

Yampolskiy has proposed the field of designometry with an outlook 
towards a particular subset of artefacts, which are artificial minds [1]. Given 
the ongoing progress in the concerned technologies, such research is very 
timely. Methods to find out the creator of artificial minds are likely to be 
relevant for several reasons, e.g., for proper registration, but can be seen in 
particular as a contribution to the field of AI safety, which entails the iden-
tification of originators of malicious systems as a critical step to curtail such 
systems if possible. Both the specification of the space of artefacts as well 
as the proposed axiom and the initial set of heuristics to identify creators of 
artefacts can be seen as groundwork for future AI safety research.

Regarding future work, in addition to the proposals and open questions, 
which were mentioned above, we may look at a fourth parameter to define 
the space of artefacts, supplemental to creator, time and location, which 
would be the goal or purpose of the particular artefact. In heuristic b.3 above 
we looked at the goals of the creators of artefacts, which could be connected 
to the goals of the artefacts, referred to by Tegmark as outsourcing of goals 
through engineering [39]. The feature “intended use of the artefact” has been 
introduced before within the ontology of artefacts, but it had not been linked 
to AI safety. In addition to establishing who created artefacts and when 
and where, it is many contexts important to know whether the artefact has 
benevolent or malevolent goals.

Tegmark highlights the increasing relevance of goals of artefacts, since 
in addition to living organisms having goals a “rapidly growing fraction 
of matter was rearranged by living organisms to help accomplish their 
goals” [39]. He also presents data that show that “most matter on Earth 
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that exhibits goal-oriented properties may soon be designed rather than 
evolved”. This interesting observation motivates us to expand our work 
towards goals of artefacts.

Finally, it has to be reiterated as by Yampolskiy [1] that when we discuss 
engineered life and artificial minds, we do not support by any means non-
naturalistic notions be it god(s), creationist myths or religion, but merely the 
engineering of biological entities or minds in other substrates.

Notes

	 1	 Similarly, Yampolskiy has described the space of possible mind designs [2].
	 2	 The specification of the location is not topic of this chapter, but it should be as 

precise as possible. This means, for artefacts produced by nanotechnology, the 
location would be measured on an atomic and molecular scale.

	 3	 An alternative in semiotics is the triadic approach by [29].
	 4	 Another category is signs that are indexical. These are signs where the signified 

causes the signifier. For example, fire causes smoke; in other words, smoke signi-
fies fire. However, this category does not apply to written signs.

	 5	 In semiotics, it is usually argued that also the grasping of the meaning of iconic 
signs involves to some extent social conventions.

	 6	 An exceptional case is artefacts that were invented more than once independently 
at different times and dates. An example is the calculus, which is credited to both 
Newton and Leibniz.

	 7	 The sizes of the areas do not represent proportions of their cardinality.
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7
Preservation of Personal Identity: A Survey 
of Technological and Philosophical Scenarios

Soenke Ziesche and Roman V. Yampolskiy

7.1 � Introduction

7.1.1 � Personal Identity

Personal identity is the topic that deals with the question what is it that defines 
the continuity of a person over time. This was initially mostly discussed in 
philosophy, and three main approaches can be distinguished, the first two of 
which have in the meantime been pretty much excluded by science:

	•	 Persistence through an extra-physical soul
	•	 Bodily continuity
	•	 Psychological continuity

Persistence through an extra-physical soul has been refuted, since science 
suggests that cognition is exclusively physical, which does not leave any 
space for the existence of a soul. And bodily persistence has been refuted, 
since there is no continuity of the human body as the atoms and molecules of 
our body, including our brain, are replaced regularly [1].

7.1.2 � Psychological Continuity

Therefore, psychological continuity appears to be the scientifically supported 
foundation of personal identity. This means a mental relation is necessary to 
remain the same person, which includes, e.g., memories, beliefs and prefer-
ences over time, while neither a soul nor bodily persistence is required. On 
the philosophy side, this view can be traced back to Locke [2], while Parfit 
can be considered as one of the most influential and foresighted contempo-
rary works in this field [3]. Parfit argued that the preservation of a so-called 
Relation R, which comprises psychological continuity, is the most important 
indicator of the continuous survival of a mind.

http://dx.doi.org/10.1201/9781003565659-8
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While the focus is here on human minds [e.g., 4], we can more gener-
ally define personal identity as a relation between two instantiations of 
minds, which is true when there is psychological continuity between these 
instantiations.

The acceptance of the psychological continuity approach was an important 
step to ponder the below introduced transfer of minds, since a transfer can 
be ruled out if the personal identity was linked to the body, let alone to an 
unfathomable soul.

7.1.3 � Substrate-independence

Yet, in addition, the assumption of another concept is necessary, which is 
substrate-independence. As, e.g., Koene [5] or Tegmark [6] argue substrate-
independence means that minds can be implemented on different physical 
substrates. What matters is that the same computational processes are exe-
cuted. What does not matter is that these computations are implemented in 
carbon-based biological neural networks. This or very similar views have 
been referred to also by other terms, e.g., functionalism, computationalism 
[7] or patternism [1].

7.1.4 � Transfer of Minds and Personal Identities

The topic of personal identity has been discussed for a long time without a 
specific field for application, but the discussion has gained only recently new 
relevance as well as dimensions when possibilities were considered to trans-
fer human minds actively or passively to different substrates.

Since there is no evidence that immortality can be achieved with our bio-
logical bodies, scenarios have been contemplated, which would involve 
partly or fully transferring minds to other substrates. While these processes 
would mostly be controlled by the affected mind, philosophical reasoning 
(simulation) and scientific theories (multiverse) have come up with scenar-
ios, in which minds could be transferred without the affected person having 
any impact on the process.

If we consider immortality as desirable or if we consider at least the pos-
sibility of immortality relevant as a research question and at the same time 
conclude that immortality in our biological bodies is impossible, all these 
concepts are only worth examining if they preserve the personal identity. 
This is because it is considered futile to transfer a mind, which is thereafter 
not anymore “the same” in the sense of personal identity.

While initially the criterion of psychological continuity for personal iden-
tity was only considered over time and thus rather straightforward, poten-
tial transfers of minds gave new dimensions to the question of sameness or 
similarity of the mind before and the mind after the transfer. In philosophy, 
Parfit described this first through thought experiments with a so-called 
teletransporter [3].
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The main topic of this chapter is to survey what scenarios have been con-
templated to transfer minds and how the chances are considered to preserve 
the personal identity of the affected mind.

7.2 � Scenarios

In the following sub-sections, we introduce scenarios, which have in com-
mon that a mind undergoes a transition. We survey for each scenario 
whether the transition is to be considered to preserve the personal identity of 
the affected mind. While the required technology is mostly work in progress 
and the philosophical simulation as well as the physical multiverse scenarios 
are speculative, the selection criteria for us were that there is no scientific 
evidence that these scenarios are not feasible.

As illustrated in Figure 7.1, the sub-section enhancements and upload are 
potentially for living minds. As various enhancements are likely to be ear-
lier available than uploading technology, living enhanced minds could be 
uploaded once feasible. Cryonics and digital immortality rather function as 

Figure 7.1 Overview of scenarios.
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a means to an end and are considered as tools for (maybe already enhanced) 
minds whose embodiment expires before technology for upload exists to still 
enable an upload at a later stage, which would then involve resurrection. 
As we will explain simulation and multiverse could be epiphenomena of all 
these scenarios.

7.2.1 � Enhancements

Bostrom defines a being as posthuman1 if its capacities regarding health 
span, cognition and emotion vastly exceed current human beings [8]. In this 
scenario, we look only at posthuman cyborgs, which still have biological 
parts but are enhanced, e.g., with a brain–computer interface, as opposed to 
posthuman uploads, which will be introduced below.

Bostrom discusses whether these transformations would preserve per-
sonal identity. As far as an improved health span is concerned, which espe-
cially would result in a longer life, there appears to be no reason why such 
a healthier person would lose her or his identity. This assertion becomes 
even stronger if coupled with the concept that increased cognitive capaci-
ties imply especially better if not perfect memory capacities. Such a memory 
would secure psychological continuity even over long period of times and 
lifespans. Bostrom notices that the case is not that clear when it comes to 
radical cognitive or emotional enhancements and proposes the following 
six conditions:

	•	 The changes are in the form of addition of new capacities or enhance-
ment of old ones, without sacrifice of preexisting capacities.

	•	 The changes are implemented gradually over an extended period of 
time.

	•	 Each step of the transformation process is freely and competently 
chosen by the subject.

	•	 The new capacities do not prevent the preexisting capacities from 
being periodically exercised.

	•	 The subject retains her old memories and many of her basic desires 
and dispositions.

	•	 The subject retains many of her old personal relationships and social 
connections; the transformation fits into the life narrative and self-
conception of the subject.

Also, e.g., DiGrazia argues that enhancements are likely to preserve personal 
identity [11], while Schneider claims that there is not sufficient evidence for 
this [12]. Walker asserts that radical enhancements will not preserve personal 
identity and advocates like Bostrom for gradual changes [13].
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A special case for cognitive enhancement is the so-called metaverse, which 
comprises virtual and augmented reality through ever improving devices, 
see, e.g., Vita-More [14]. While it is possible and often even intended to see 
“the world through the eyes of someone else” in the metaverse [e.g., 15], it 
is not believed that the personal identity of the mind experiencing the meta-
verse is lastingly affected.

7.2.2 � Cryonics

Cryonics is a technique to preserve people soon after their death in liquid, 
very low-temperature nitrogen. The motivation is that the minds of these 
people can be resurrected if required technologies arise in the future. It is 
hoped that the preservation prevents damage and decay, but this is unproven 
in the long run.

Yet, if the preservation of the body works, advocates of cryonics, e.g., More 
[16] or Bostrom [9], believe that also the personal identity of the concerned 
mind can be preserved. Merkle introduces the concept of “information-
theoretic death”, which is the state of a mind when the necessary information 
to represent its personal identity cannot be recovered anymore [17]. Merkle 
claims that cryopreserved bodies, if correctly handled, have not experienced 
information-theoretic death.

Cryonics is offered by commercial services,2 and also very recently, an 
alternative procedure for the preservation of a brain called vitrifixation has 
been introduced.3

As mentioned, cryonics is seen as a means to an end, which would ide-
ally be completed by either resurrection within the biological body, which 
requires hypothetical nanomedicine, or upload via brain scanning. While the 
latter scenario is described below, the former is not considered here, since no 
transfer of the mind takes place.

7.2.3 � Digital Immortality

Based on the central assumption that minds can be described by computa-
tional processes, efforts have been made to digitise the necessary data, i.e., 
the memories of human minds’ lives. Such data have been captured since the 
invention of writing, but only recently:

	•	 Digitisation became possible.
	•	 More and more data are captured a) passively as exhaust data, e.g., 

through the use of devices, and sensor data, e.g., through wearables, 
and b) actively as produced digital content.

	•	 In addition to other reasons for capturing these data, e.g., health 
monitoring, preservation of personal identity became a motivation.
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Movements in this regard are called lifelogging and quantified self, and 
some pioneers were independently Bell [18], Wolfram [19] and Kurzweil 
[20]. Harari presents an even more comprehensive view and calls it dataism 
[21]. Especially social media data have triggered further projects, e.g., to cre-
ate a digital avatar based on the digital content produced by a mind during 
embodiment.4

Just like cryonics, digital immortality is an attempt to potentially enable 
the resurrection of minds whose embodiments end before uploads are tech-
nically feasible. Turchin who works extensively on this topic considers digi-
tal immortality as “plan C” in this regard with life extension being plan A 
and cryonics plan B, also noting that digital immortality-based resurrection 
is significantly less expensive than cryonics [22]. Moreover, even those who 
can afford and have signed up for cryonics may die in such a way that they 
do not reach the cryonics facility in time or that the brain is damaged in such 
a way that it cannot be preserved.

Despite these efforts, challenges become obvious:

	•	 Sufficiency of data: The amount of data collected is far less than the 
amount of memories and experiences stored in a human brain.5 While 
it is assumed that it is possible to describe the human mind through 
data, current technologies are not sophisticated enough to capture 
all these data and can only be seen as a first step towards this goal. 
Turchin proposes a detailed methodology for this purpose, which 
focuses on active information-extraction efforts instead of passive 
recording [22]. Also, Bainbridge provides an approach for detailed 
personality capture and developed detailed questionnaires for this 
purpose [23]. Chalmers highlights the importance of brain scans and 
other medical and genetic data to be included in the records [24].

	•	 Format of data: Since it cannot be assumed that whichever mind 
may carry out the upload reads and understands data that are 
stored in the way we are usually storing them, Wolfram outlines that 
“communication requires a certain sharing of cultural context” and 
attempts to tackle this challenge [25]. The format probably also plays 
a role for the later stage of resurrection, as given below.

	•	 Preservation of data: As it is unknown when uploads will be techni-
cally feasible, the data should be preserved on a durable carrier in a 
secure location preventing decay and destruction. Turchin describes 
a strategy for this challenge [22].

	•	 Accomplishing the resurrection: Even if all necessary data of a partic-
ular mind are available in digital format, we also have to know how 
to resurrect the relevant computations. Linked to this challenge is 
probably the fact that lifelogging data are usually not stored as neu-
ral networks as they are in the human brain. Vague proposals have 
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been presented independently by Chalmers [24], Turchin [22] and 
Rothblatt [26]: Chalmers and Turchin state a superintelligent as well 
as benevolent AI in the future may be capable as well as motivated to 
resurrect minds based on the records prepared for digital immortal-
ity. In other words, the effort to collect and preserve all these data is 
for the non-zero probability that such an AI will appear, potentially 
through research on AI safety, which aims to ensure, somehow if 
possible at all, the above features of a superintelligent AI.6 Rothblatt 
uses the concepts of “mindfile” for the digital immortality data and 
“mindware” for the required resurrection mechanism. Rothblatt 
cofounded a so-called Terasem Movement, which offers a service7 to 
capture the mindfile, while the mindware does not exist yet.

7.2.4 � Upload

As indicated before and illustrated in Figure 7.1, upload is seen by many as 
most durable scenario to preserve minds. Upload refers to the transfer of 
human minds to other physical substrates, e.g., a computer, due to the fragil-
ity of biological bodies, which should be feasible in theory after accepting the 
substrate-independence of minds. The details how to potentially realise such 
a transfer are described, e.g., by Koene [27], Sandberg and Bostrom, who 
presented a roadmap for whole brain emulation [28], or Wiley, who provides 
a taxonomy of potential mind-uploading procedures [29].

We can distinguish at least four variations of mind uploading as illustrated 
in Table 7.1 and described below.8

	 1.	 In this scenario, the upload would have the same perceptions of the 
real world as before through sensors, which have the same wave-
lengths as the human sensory system.

	 2.	 In this scenario, the upload’s perceptions of the real world would 
be enhanced compared with humans, which should be technically 
feasible at a stage when uploads are technically feasible. Examples 
would be that these uploads could perceive extended frequencies, 
e.g., infrared radiation or ultrasound. This could be combined with 
further enhancements, e.g., a perfect memory.

TABLE 7.1

Upload Variations

Real World Simulation

Non-enhanced 1 3
Enhanced 2 4
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	 3.	 In this scenario, the upload would have perceptions of a simulated 
world yet with the same wavelengths as the human sensory system.

	 4.	 In this scenario, the upload would have perceptions of a simulated 
world yet enhanced in most versatile ways, as Loosemore illustrates 
as follows: “Your choice of activities for the day might include: becom-
ing a tiger and going off to the jungle for some animal sex; changing 
into a body that can swim in the atmosphere of Jupiter” [30].

The scenarios 1 and 3 may only be intermediate stages, while 2 and 4 are 
likely to be more attractive once feasible. Another option may be to switch 
between the variations, e.g., an uploaded mind may experience the real 
world and has the opportunity to spend time in a simulation, compared with 
the experience in a metaverse as described above.

Since hopes are placed in uploading, also the question of the preservation 
of personal identity has been discussed extensively. Sandberg and Bostrom 
believe their approach would preserve personal identity even if the brain activ-
ity temporarily ceased as cases of coma as well as hypothermia patients have 
shown [28]. Walker approaches the topic by using the type/token distinction 
and argues that uploading would sacrifice the token identity, which “is not 
inconsiderable” but preserve the type identity, which “will be in better shape 
than the original token”, e.g., regarding immortality and enhancement [31].

Since we assumed substrate-independence, there is not so much concern 
whether a mind can be implemented on a computer, but there are rather 
debates about the potential loss of personal identity during the uploading 
procedure:

According to Chalmers, the chances to preserve personal identity depends 
on the method of the upload, of which he distinguishes between destructive 
uploading, non-destructive uploading, gradual uploading and reconstruc-
tive uploading. He is “reasonably confident that gradual uploading is a form 
of survival” [24].

Hauskeller argues that there is no evidence that this will be possible and 
points out that an “argument from graduality”, beginning from the Ship of 
Theseus, is “always fallacious because it denies the reality of change” [32]. 
Also, Corabi and Schneider [33] disagree with Chalmers and are pessimis-
tic that destructive, non-destructive or even gradual uploading can preserve 
personal identity.

Simulations have been mentioned already in scenarios 3 and 4, but in the 
following section, the focus is more on the controlling role of the simulating 
mind.

7.2.5 � Simulation and Resurrection in Different Simulations

This section is based on Bostrom’s simulation argument and contains, on 
the one hand, the most speculative and hardest to prove scenarios, and on the 
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other hand, due to its potential the most diverse scenarios [34]. The main part 
focuses on scenarios assuming that we are currently in a simulation already, 
for which the probabilities are elaborated by Bostrom. Simulation scenarios 
have been not much discussed regarding preservation of personal identity 
but have very interesting aspects as we outline here.

If we are currently in a simulation, we can conclude that 1) the data of our 
personal identity are somehow captured by software and 2) these data can 
be retrieved in another simulation. In fact, this scenario is the most certain 
one for preservation of personal identity, hence for immortality of minds, yet 
probably beyond our control and dependent entirely on the simulating mind.

It is worth noting that for this scenario, we do not have to assume substrate-
independence of minds. It is sufficient that there is one substrate, used by the 
simulating mind, which is appropriate to run such a simulation (and which 
could be silicon-based, but it does not matter).

Apart from discussions about probabilities that we are in a simulation, we 
do not know anything about the motives of the simulating mind (which could 
even be itself within a simulation, i.e., there could be scenarios of nested sim-
ulations) [35]. Therefore, we shall assume according to Bostrom’s orthogo-
nality thesis that “more or less any level of intelligence could in principle be 
combined with more or less any final goal” [36]. This means regarding the 
transfer of simulated minds from one simulation to another that basically 
anything could be possible. The extreme scenarios for our universe would 
be, on the one hand, that every mind that was ever simulated on earth has 
been transferred to another simulation and resurrected there with full preser-
vation of personal identity and, on the other hand, that not a single mind that 
was ever simulated on earth has ever been resurrected in another simulation.

In addition, countless other scenarios are imaginable such as the following:

	•	 Some minds are resurrected in another simulation according to a 
reward system, which is unbeknown to us, while some minds are 
never resurrected according to a penalisation system, which is unbe-
known to us as well.9

	•	 Some minds are resurrected in another simulation according to cri-
teria, which could be as random as that only minds that during their 
simulation calculated correctly at least once the sum of 793 and 826 
will be resurrected.

	•	 Some minds are resurrected in another simulation but without pres-
ervation of personal identity (although preservation of personal 
identity is technically feasible within simulations as we established 
above).

The last example brings us to the question, still assuming that we are in a 
simulation, does the fact that we do not have memories of any previous 
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lives mean that we have not been simulated before or could we (or some 
of us) have been simulated before, but for reasons unbeknown to us the 
simulating mind resurrected us in this simulation without preservation of 
personal identity, i.e., such memories? Could this also mean that while cur-
rently we do not experience psychological-continuity with previous simula-
tions that nevertheless the necessary data may have been archived by the 
simulating mind?

If this was affirmative, it may be possible that in yet another resurrection, 
we may get access to the memories of our previous personal identity again. 
And we could think of scenarios where we are resurrected in a potentially 
completely different simulation10 (e.g., different gender, different species, dif-
ferent qualia, different physical laws and even immortal) where we remem-
ber the preceding simulation although it was completely different. And since 
the simulating mind may have saved our full personal identity, there may 
be resurrections, in which we remember not only this currently simulated 
life but also other ones before. Again, options are countless: The simulating 
mind, which archives the full history of all simulated minds, may or may not 
for reasons unbeknown to us make parts of that personal identity accessible 
and/or may even modify memories or include fake memories.

The idea that the simulating mind may have all data of all instantiations of 
the simulated minds could add another dimension to the concept of extended 
minds developed by Clark and Chalmers [37]. They claim that objects such 
as a notebook could function as a part of the mind, if it includes information 
that cannot be retrieved from the brain. Yet, in the scenario described here, 
the extended mind of the simulated mind would comprise parts of the simu-
lating mind, since it holds an abundance of information not directly acces-
sible by the simulated mind.

While we can conclude that if we are in a simulation in theory, our personal 
identity can be preserved if resurrected in a further simulation, we may have 
to re-define personal identity and also psychological-continuity for these 
diverse potential scenarios, which is obviously severely hampered by lack-
ing evidence, but will nevertheless be elaborated on below.

Let us also look at the other scenario that we are currently not in a simula-
tion. Then, there are two options: First, there will never be simulations. We 
do not have to look at this option. Second, there will be simulations in the 
future.11 In this case, the question arises whether resurrection by preserving 
personal identity would be possible, after, e.g., measures of cryonics or digi-
tal immortality were applied until simulations became available. This in turn 
depends on the motivations and capacities of the future simulating mind.

Finally, it has to be highlighted that as illustrated in Figure 7.1, all other sce-
narios described here could occur within a simulation, which leads to another 
variety of (highly speculative) scenarios. Two extremes would be that maybe 
the simulating mind anyway resurrects every mind, and human minds actu-
ally do not have to worry about immortality and uploading, etc., or if human 
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minds finally figure out how to successfully upload themselves, the simulat-
ing mind might turn the simulation off for reasons unbeknown to us.

7.2.6 � Multiverse

Like the simulation scenario, the multiverse scenario can be seen as an epi-
phenomenon to the previous scenarios, both being characterised as hard to 
prove and perhaps uncontrollable by current human minds. The concept is 
based on quantum mechanics and its many-worlds interpretation by Everett 
[38].12 In brief, this interpretation asserts that the wave function in quantum 
mechanics does not collapse, and as a consequence, the worlds branch off 
constantly to all possible futures, which then leads to the existence of an 
unimaginable amount of worlds in parallel, referred to as multiverse.

Tegmark and others infer from this many-worlds interpretation a thought 
experiment that for any life-threatening situation, there will always be a 
resulting world where the concerned mind survives, referred to as quan-
tum immortality [40]. This leads again to a variety of scenarios, outlined 
by Turchin, who, e.g., describes that there may be immortality, yet in many 
instances combined with suffering [41]. In this context, Tegmark also 
describes a related thought experiment about attempted quantum suicide 
and its guaranteed survival in one branch, which could actually lead to a dis-
cussion about one’s right to quantum suicide similar to the discussion about 
a right to euthanasia [40].

Since the focus of this chapter is on preservation of personal identity, the 
question is whether in these multiverse branches, where the mind survives, 
the personal identity of the mind is preserved too. For example, Tappenden 
[42] and C ́irkovic ́ [43] claim that this is the case. And this is what human 
minds, if this many-worlds interpretation is correct, feel is the case for 
each particular branch, in which they live for an instant, thus which they 
observe, i.e., that they remain the same person despite constant unnotice-
able branching.

7.3 � Potential Features of Mind and Personal Identity Transfers

As we conclude the survey of scenarios, it became evident that some poten-
tial features of personal identity transfers are relevant, on which we elaborate 
below: Fission, fusion, resurrection and different cognition. Fission in par-
ticular and also fusion of minds have been discussed extensively but are not 
in the focus of this chapter, since both features are not likely to be desirable 
for a human mind striving for immortality. We shall in particular focus on 
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different cognitive abilities, which has not been researched much before in 
relation to personal identity.

7.3.1 � Fission

Since Parfit’s original work [3], fission scenarios have been frequently 
debated, especially in the light of potentially upcoming technologies. If such 
technologies enable us to create replicas of a mind, the consequences for 
the personal identity have to be examined. For example, Walker describes 
it light-heartedly: “if there are a thousand replicas, then they will quickly 
have psychologically distinguishable properties. All thousand replicas will 
not fit in the same cab, e.g., and so will have different experiences leaving the 
replicating center” [31]. This means while the replicas still have psychologi-
cal continuity with the original, they do not have psychological continuity 
between each other. Wiley argues that all replicas “are truly equal in the pri-
macy of their claim to the identity of the original mind” [29].

If Everett’s many-worlds interpretation was correct, then there would be 
constant fission taking place on an unimaginable scale. In general, if the data 
of our personal identity could be captured by software, as assumed for the 
upload and the simulation scenarios, fission becomes basically trivial by cre-
ating copies of these data. And unlike in the multiverse scenario there could 
be several copies of a mind in the same universe or simulation too.

7.3.2 � Fusion

Scenarios have been suggested, which entail fusion of minds. Goertzel [44], 
Sotala and Valpola [45] as well as Ziesche and Yampolskiy [35] present over-
views. Sotala and Valpola discuss the two options, either that the resulting 
mind keeps the personal identities of both original minds or that the result-
ing mind has an entirely new personal identity.

Since fusion of minds is, despite the above attempts, very hard to concep-
tualise, it is also hard to explore if in the above scenarios fusion of minds 
may be incorporated, let alone what consequences this has for the affected 
personal identities.

7.3.3 � Resurrection

Another question is whether psychological continuity would be affected by 
break times or, to phrase it the other way round, can personal identity be pre-
served if the concerned mind is not continuously animated? This question 
is particularly relevant when possibilities for resurrection of minds, which 
have ceased to exist, are assessed. One could argue for a trivial solution that 
already sleeping constitutes a break time of psychological continuity, which, 
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however, has no impact at all on the personal identity after the concerned 
person wakes up.

As described, for resurrection, there have been no specific proposals pre-
sented yet, except for “outsourcing” it to a future AI [e.g., 22]. Only if the 
simulation scenario was affirmative, which comprises so many potential 
variations, resurrection should also be feasible within it.

7.3.4 � Different Cognitive Abilities

As we saw above, an epiphenomenon of the transfer of minds to other sub-
strates may likely be that there is a difference between the capacities of the 
mind before and after the transfer, which may include different cognitive 
abilities. While transhumanists strive for enhancement of capacities, we 
look also at reduction of capacities, which may be relevant for the transfer 
between simulations with many more arbitrary parameters. The question, 
which appears not to have been researched much, is whether the change 
of the potential capacities has an impact on the preservation of the per-
sonal identity? Bostrom [8] and also Walker [13] emphasise that changes 
should be implemented gradually and slowly, which may not necessarily be 
controllable.

We aim to illustrate the issues through the following examples regarding 
psychological continuity:

7.3.4.1 � Reduced Cognitive Abilities

Let us consider a mind, which is able, e.g., to perceive in one instantiation 
ultrasonic frequencies, but in a later instantiation, perhaps after having been 
transferred to another substrate, the mind cannot perceive these frequencies 
anymore, nor can any other mind in this environment perceive these fre-
quencies. Can this mind have memories of its ultrasonic experiences? Let 
us further assume that ultrasonic sound played a crucial role for this mind. 
For example, a central purpose of existence for this mind may have been to 
compose some kind of ultrasonic music. Is there still psychological continu-
ity between the instances of this mind if crucial perceptions are lost?

It may be claimed that this scenario could, e.g., be compared with Beethoven 
who went deaf, yet not only preserved his personal identity, but also must 
have had uninterrupted memories of sounds as he continued to successfully 
compose music. Yet this comparison is not entirely valid, since Beethoven 
remained in an environment where the vast majority of fellow minds was 
familiar with sounds.

We should note that this issue does not exist if it was the other way around, 
i.e., if the perception range increases from instance to instance, e.g., through 
transhuman features or potentially through uploading, see above.
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7.3.4.2 � Massively Enhanced Cognitive Abilities

Another argument is linked to the bias that we know only the range of per-
ception we are experiencing in our current instantiation. We can imagine 
instantiations, which perceive a much higher amount of perceptions, e.g., 
due to massively enhanced cognition, much more complex environments 
and/or much longer embodiment. This may entail that the ratio of memo-
ries associated with our current instantiation becomes tiny in relation to the 
memories of the later, much more multifaceted instantiations. And this leads 
to the question whether there will remain psychological continuity with our 
current instantiation for a mind in such a multifaceted instantiation, notwith-
standing a near perfect memory thanks to enhancement, because the current 
instantiation may fade as an unimpressive episode?

7.3.4.3 � Contradictory Qualia

As, e.g., described by Yampolskiy [46] and also by Loosemore [30], further 
potentially possible qualia are hard to imagine from a human centric view, 
yet as motivated by Ziesche and Yampolskiy perhaps essential for survival 
in order to prevent boredom during very long lifespans [47]. Especially in 
different simulations, but possibly already through enhancements novel 
qualia may be experienced. Such qualia may contradict qualia from the 
current instantiations, which could be as simple as swapped perception of 
certain colours, yet potentially much more complex. The question arises if 
memories of the current instantiation would be then suppressed, since they 
are too confusing in light of the contradictory qualia, which may in turn 
also have an impact on the psychological continuity, thus the preservation 
of personal identity?

7.4 � Conclusion

7.4.1 � Immortality

We have shown that enhancements through brain–computer interfaces are 
considered as first step towards posthuman life-extension. Yet, immortality 
of a mind may only be ensured if entire uploads of the mind to a different 
substrate were possible. Since the required technologies are not yet available, 
in order to gain time, two means to this end have been envisaged: cryon-
ics and digital immortality. However, they would both require resurrection, 
which has also not been undertaken by now. Furthermore, we presented a 
philosophical (simulation) and a scientific (multiverse) scenario, which have 
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a non-zero probability. Both may ensure immortality, yet do we neither have 
evidence for it nor control.

7.4.2 � Personal Identity

As motivated before, for human minds, immortality is likely not to be desir-
able if the personal identity is not preserved. In Table 7.2, we summarise the 
presented scenarios and potential features. As described above, due to lack 
of evidence for none of these scenarios, the preservation of personal identity 
is guaranteed. Likewise, it has not been proven that for any of these scenar-
ios the personal identity will not be preserved. Nevertheless, it must not be 
argued that this is, until there is evidence, an idle discussion because of the 
immense relevance of the topic and the potential consequences.

We have used the psychological continuity approach to survey the views 
on personal identity in the presented scenarios. We have shown that espe-
cially for upload and simulation, if feasible or true, respectively, our cogni-
tion may be enhanced or changed in a way perhaps impossible to imagine 
from our human centric view. The question arises whether the psychologi-
cal continuity approach is robust enough to incorporate such scenarios or 
whether this approach has to be extended?

7.4.3 � Extended Approach

As outlined especially for the simulation scenario, it may be that each instan-
tiation of a particular mind has different sets of memories, perceived qua-
lia and mental states, the intersections of which may be empty or not. The 
overall personal identity of a mind would then be expressed by the union of 
these sets, to which the mind may or may not have access depending on the 
instantiation. Nevertheless, this union can be described for each mind (and 
the simulating mind may have access). We proposed that it might be promis-
ing to expand the extended mind approach from Clark and Chalmers [37] 
to define the personal identity of minds, which undergo massive changes 
of cognition. The union of all sets of memories, perceived qualia and mental 
states would correspond to the extended mind conceptualised by Clark and 
Chalmers. Set theory could be also applied to describe the personal identity 
of minds, which undergo fission or fusion.

Goertzel presents a method to measure if two minds should be consid-
ered versions of one another, yet without the groundwork that we proposed 
above [48]. Yampolskiy proposes for the same task a hypothetical variant of 
the Turing Test, according to which the original mind would ask queries to 
the mind in question, to which supposedly only the original mind would 
know answers [4]. Suitable questions would “relate to personal preferences, 
secrets (e.g. passwords) as well as recent dreams”. While we proposed above 
that the union of these sets could express the personal identity of a mind, we 
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TABLE 7.2

Summary of Scenarios

Preservation of 
Personal Identity

Process Controlled 
by Affected Mind

Fission 
Possible Fusion Possible

Different 
Cognitive 
Abilities 
Possible

Resurrection 
Possible

Enhancement Not disputed for 
smaller enhancements, 
disputed for complex 
enhancements

Yes (as far as decision 
to become enhanced 
is concerned)

No No (maybe for brain–
computer interfaces 
involving more than 
one mind?)

Yes n/a

Cryonics Means to an end, 
resurrection disputed

Yes (as far as decision 
to get cryonised is 
concerned)

n/a n/a n/a Envisaged

Digital 
immortality

Means to an end, 
resurrection disputed

Yes (as far as data 
collection is 
concerned)

n/a n/a n/a Envisaged

Mind uploading Disputed Yes (if alive), no (if 
resurrection)

Yes ? Yes Envisaged

Simulation Too speculative to judge No Yes ? Yes Yes
Multiverse Too speculative to judge No Yes ? No No
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could use the intersection operation to examine the similarity between two 
minds in different instantiations. If we clone a mind, the copies will quickly 
start diverging but would certainly have, at least initially, a very high per-
centage of similarity with the original mind. This is expressed by a relatively 
high cardinality of the intersecting set of the sets of memories, perceived qua-
lia and mental states of the original mind and its copies. Since the cardinality 
of this intersecting set gets inevitably smaller over time even for a conven-
tional human mind notwithstanding all the above scenarios, one could even 
argue that persistence of personal identity is an illusion and we are simply 
change blind because of how gradually it happens in most cases.

This new approach to define the personal identity through means of set 
theory can be seen as a contribution to intellectology, a new field of study 
introduced by Yampolskiy with the intention to examine the overall space of 
minds not limited by a human centric view.

To summarise, in addition to surveying how chances of preservation of 
personal identity are currently assessed for potential scenarios to establish 
immortality of minds, we also presented the following novel contributions: 
if transfer of minds is feasible (and ideally even controllable), the abilities 
of the transferred mind may be extremely different in many dimensions, 
which may currently be underestimated due to a human centric view. Yet we 
highlighted that these possibilities have to be taken into consideration when 
debating the preservation of personal identity. Therefore, we elaborated on 
different cognitive abilities as well as on the enormous potential of the simu-
lation scenario. In order to cope with these options and to still sufficiently 
specify the preservation of personal identity, we outlined how the psycho-
logical continuity approach may have to be expanded. This idea leaves vari-
ous challenges for future work.

Notes

	 1	 In this context, also the term transhumanism is used, which we will not need 
here, since it refers to an intermediary stage as well as the movement advocating 
for and researching posthuman capacities [9, 10].

	 2	 See, e.g., ​http://​alcor.​org/.
	 3	 See ​https://​nectome.​com/.
	 4	 See ​https://​eternime.​breezy.​hr/.
	 5	 It would not be correct to state that the collected data constitute a subset of the 

memories and experiences stored in a human mind, since it is very likely that 
the collected data include some information, which the mind has forgotten or to 
which it has no access anymore. For example, video recordings of a body cam 
contain much more information than a mind ever stores in the long term, but also 
diary entries are unlikely to be memorised verbatim.

http://alcor.org/
https://nectome.com/
https://eternime.breezy.hr/
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	 6	 Another undesired but also non-zero probability scenario would be that a malev-
olent AI appears and resurrects these minds with the intention to conduct harm-
ful experiments or simply to torture them, while minds whose data were not 
preserved are spared from this ordeal.

	 7	 See ​https://​www.​lifenaut.​com/.
	 8	 As described below we do not know if we are currently in a real world or if 

this is already a simulation. Here we refer with “real world” to where we live 
currently.

	 9	 We do not go into detail here, but other simulations, in which these minds may 
be resurrected, could be entirely different from our universe and beyond imagi-
nation for us. We only note the caveat that mind transfer and resurrection per 
se may not always be desirable as the next simulation could have a much worse 
“quality of life”.

	10	 While Bostrom focuses on ancestor-simulations [34], we are looking at broader 
options.

	11	 Note Bostrom’s probability assessment of these options: “Unless we are now liv-
ing in a simulation, our descendants will almost certainly never run an ancestor-
simulation” [34, p. 14].

	12	 It has to be highlighted that there is more than one many-worlds interpreta-
tion and that these many-worlds interpretations also have many opponents 
[e.g., 39].
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8
The Problem of AI Identity

Soenke Ziesche and Roman V. Yampolskiy

8.1 � Introduction

Among various identity problems, such as the Ship of Theseus [1, 2], a par-
ticular one, which has been examined at length, is the problem of personal 
identity, which addresses the question of what it is that defines the continuity 
of a person over time [3]. Although no final consensus for this problem has 
been reached, we propose to commence the endeavour towards AI identity 
by looking at personal identity. Humans, at least during some parts of their 
life span, and AIs have in common that they reach certain states over time by 
processing information while applying intelligence, and this ability appears 
to be a critical component according to some approaches towards the prob-
lem of personal identity, which may be also harnessed to characterise AI 
identity over time as will be outlined below.

Whereas most humans over large parts of their life span also have the 
feature of being sentient, this is not clear for AIs, and actually by many not 
even considered at all. If (some) AIs were to be sentient, they would be, just 
like humans, a subset of the universe of minds [4]. It has been argued that 
there is a non-zero probability for the existence of such sentient AIs; thus, 
their welfare deserves critical consideration, which includes the prevention 
of suffering and of deletion of such minds [5, 6]. While we look here at both 
non-sentient and potentially sentient AIs, the question of identity is espe-
cially relevant for sentient AIs as a prerequisite to address their individual 
welfare.

This chapter is structured as follows: first, we motivate the AI identity 
problem by outlining several fields of application. This is followed by the 
first proposed approach to tackle the problem, which includes an intro-
duction to the personal identity problem. Thereafter, the second proposed 
approach, based on multi-factor authentication, is outlined. We then examine 
a variety of scenarios. In the end, a summary and an outlook for future work 
is presented.

http://dx.doi.org/10.1201/9781003565659-9
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8.2 � Motivation

Why is it critical to explore the AI identity problem? We have identified sev-
eral areas of interest, which also shows that we aim to look at the problem 
from a wide lens, which includes philosophical aspects, particularly the fol-
lowing aspects:

	 1.	 It is relevant for legal matters to determine the criteria when an AI 
remains the same because only then ownerships [7, 8] and patents 
[9] for AIs may be claimed and tracked over time.1

	 2.	A different dimension compared with ownership of AI would be 
personhood of AI, which is a topic of debates [10] and which, if 
granted, would also assign accountability to AIs, e.g., related to busi-
ness relationships with them. This in turn would necessitate clarity 
about their identity over time.

	 3.	Yet a further dimension would be if sentient AIs exist or come into 
existence. The identity of such AIs over time is relevant to study for 
various reasons, not only to ensure their welfare, as indicated above 
[6] but, e.g., also for future scenarios of relationships such as friend-
ship or even marriage with sentient AIs.

	 4.	Work is ongoing towards brain–machine interfaces involving AI 
[11], and future scenarios may envisage uploaded human minds 
merged with AIs. Both cases also require clarity about the identity of 
the involved AI over time.

	 5.	AIs may also collaborate as multi-agent systems, which may be for 
an observer undistinguishable from a singleton AI [12]. Insights to 
the AI identity problem would help to figure out whether it is a soci-
ety of agents or a single agent we are dealing with.

	 6.	Finally, this research may help solving the problem of personal 
identity. Many debates about the problem of personal identity get 
complicated by components, such as consciousness, which are 
beyond the realm of contemporary science. In contrast, AI systems, 
i.e., computational processes, are more open to methods of contem-
porary science.

In summary, while the chapter focuses on AI identity, it is also envisaged that 
this endeavour may inform our understanding of humans. Therefore, the last 
point problem of personal identity in particular is picked up again in the 
summary below.
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8.3 � First Approach

Given the possible similarities between the AI identity problem and the per-
sonal identity problem and the fact that the latter one has been researched for 
centuries, we introduce it here and examine what aspects can be transferred 
to the AI identity problem.

8.3.1 � The Personal Identity Problem

As it is, e.g., outlined in an overview about the preservation of personal 
identity by Yampolskiy and Ziesche [13], various views on personal iden-
tity have been developed, two of which are briefly introduced here. The ani-
malism approach asserts that humans are a proper subset of all animals or 
organisms. Conversely, there are organisms, who are not persons. According 
to this view, being a person is merely a temporary property of us, which 
implies that humans are both body and soul [14]. Another contrasting view 
is called psychological continuity, which can be traced back to Locke [15]. 
This approach can be characterised as follows: There is a relation, R, of psy-
chological continuity such that a person x at a time t is the same person as 
a person y at a time t*, if and only if x at time t bears that relation R to y at 
t* [3]. As mentioned, no final consensus for this problem has been reached, 
yet one of the more recent approaches by Shoemaker appears applicable to 
the AI identity problem [16], as will be outlined. He distinguishes between 
psychological connectedness and psychological continuity. A person is psy-
chologically connected with a person in the past if she or he is now in psy-
chological states because of psychological states she or he was in in the past. 
In other words, there is a causal relation between these psychological states. 
According to Shoemaker, there is personal identity between persons at dif-
ferent points in time when there is psychological continuity, and there is psy-
chological continuity between persons at different points in time when the 
psychological states at a later point relate to those at an earlier point by a 
chain of psychological connections.

The topic of personal identity has gained recently new relevance, since 
potential possibilities are discussed to transfer human minds to different 
substrates [e.g., 17], e.g., so-called uploading of human minds to a computer 
as a hypothetically more durable scenario to preserve human minds [18]. 
For such, yet still theoretical scenarios, some sub-scenarios are distinguished 
by Yampolskiy and Ziesche [13], such as fission, fusion and resurrection of 
human minds. Fission, which is the separation of a single entity, e.g., a person 
or an AI, into two or more parts, is examined by Parfit in detail [19] and is for 
humans rather a topic of thought experiments, yet for AIs due to their copy-
ability simple to realise. To examine whether after fission the persons have 
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the same personal identity as the original person, a concept called “multiple-
occupancy view” has been developed [20]. According to this approach, the 
post-fission persons existed already prior to fission. This can be illustrated by 
a railroad track, which forks, potentially multiple times. While there is one 
track only, it figuratively overlaps all the branches to come. The philosophi-
cal position that one and the same physical object can be a proper part of two 
or more distinct objects is called “four-dimensionalism” [21].

8.3.2 � Proposed Definition

We suggest exploring whether Shoemaker’s notions of psychological con-
nectedness and psychological continuity [16] can be adapted towards 
AI identity.

This leads us to propose the following definition: if the state of a current AI 
has been caused by a state of one specific AI in the past, then there is a chain 
of connections between these AIs, then there is continuity between these AIs 
and then there is identity between these AIs at different points in time.

For this definition, we define intelligence as “an agent’s ability to achieve 
goals in a wide range of environments” [22]. If the “agent” in this definition 
is a human or a non-human animal, it is conventional intelligence, while it 
is AI if the agent is a machine. We also refer to the prevalent computer hard-
ware substrate of AIs, which is based on a bunch of electric circuits and oper-
ating on two different voltage levels. Such a system is discrete, and the set 
of states it can occupy is well defined, countable and finite. This applies also 
to AIs, which operate on nowadays prevalent neural networks. While the 
neural networks use continuous functions, their implementation is discrete, 
since the underlying hardware is a discrete computer.

It is also important to clarify what is not required to ensure identity: iden-
tity between two AIs at different points in time does not require that the two 
AIs remain exactly the same over time, since we have seen that this is not a 
requirement for personal identity either. Here are two examples: first, there 
can be still AI identity over time when the AI has (significantly) increased its 
knowledge and performance over time; second, there can be still AI identity 
over time when the AI takes a “treacherous turn” [23].

8.3.3 � Concept of Computational Irreducibility

For the verification of this definition, we introduce a method, which har-
nesses again the computer hardware substrate of AIs, i.e., the fact that com-
putational processes are easier to formalise than neuronal ones. We propose 
to apply the concept of computational irreducibility [24] and argue that there 
is identity between two AIs if the latest one cannot be produced by any short-
cut but has to be computed from the original one. This can be further refined 
by enumerating the space of AIs as it has been done, e.g., for the space of 
minds by Yampolskiy [4]. If we assign an integer to any AI, we can map it to 
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states of specific cellular automata. To do so, we take the integer representing 
a specific AI and convert it to the binary code with each zero and one repre-
senting a state of a cell in a cellular automaton (off or on). Running this cel-
lular automaton shows all the other cellular automata states it is connected 
to in a computationally irreducible manner. Taking the state of the cellular 
automata in terms of on and off cells and converting it back to binary code 
and finally decimal code will allow us to map back to the space of specific 
AI programs. Then, according to Wolfram [24], some of those states of cel-
lular automata are connected computationally, but there is only AI identity 
between two states if the latest can be attained from the former without per-
forming intermediate state computations.

For symbolic AIs, which was the dominant paradigm until the 1990s, such 
causal relations between AIs at different points in time, thus, transitions 
between states of cellular automata can likely be shown as well as if the lat-
est AI cannot be produced by any shortcut according to the concept of com-
putational irreducibility. Yet, this appears challenging for sub-symbolic, i.e., 
contemporary, AIs in the light of unexplainability and incomprehensibility 
[25]. However, there have been attempts in this regard [26].

Therefore, when it comes to the verification of the identity between two 
AIs at different points in time according to this approach, we may have to 
distinguish between two categories: the first category comprises all pairs of 
AIs at different times, whose identity is verifiable by humans, while in the 
second category comprises those pairs of AIs, whose identity is not verifiable 
by humans due to unexplainability and incomprehensibility. Nevertheless, 
the above definition of AI identity may still make sense, conceding that veri-
fiability by humans may not be a relevant criterion.

8.4 � Second Approach

The second approach comes from a different angle, which is to harness estab-
lished authentication methods for the verification of AI identity.

8.4.1 � Multi-Factor Authentication – Introduction

The necessity for authentication to get access to electronic devices or ser-
vices is ubiquitous nowadays. Since attempts towards unauthorised access 
are also widespread and getting more sophisticated, authentication systems 
have moved from single-factor to multi-factor authentication, of which six 
factors or categories are introduced here [27]:

	•	 Knowledge factor: Something the to-be-identified knows, i.e., usually 
a password or a PIN.
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	•	 Physical biometric factor: Something the to-be-identified inherits, 
which is biometric, but static, e.g., fingerprint or iris recognition.

	•	 Behavioural biometric factor: Something the to-be-identified inherits, 
which is biometric, but dynamic, e.g., gait analysis or mouse use 
characteristics [28].

	•	 Ownership factor: Something the to-be-identified owns, i.e., a physical 
item, such as a bank cards.

	•	 Location factor: This factor is linked to the current location of the to-
be-identified, which could be determined through a GPS signal or an 
IP address.

	•	 Guardian factor: This factor does usually not appear in this list. 
It is based on a proposal by Buterin for social recovery wallets 
[29]. Similarly, for authentication, a guardian could be involved, 
e.g., friends, family members or institutions who testify for the 
to-be-identified.

8.4.2 � Multi-Factor Authentication – Verification of AI Identity

We are now exploring if such multi-factor authentication can also be applied 
towards verification of AI identity.

	•	 Knowledge factor: Yampolskiy proposes a variant of a Turing Test 
to verify the identity of cloned minds, which could potentially be 
adjusted to approach the problem of AI identity [4]. He describes 
an “interactive text-only communication” arrangement, which “pro-
ceeds by having the examiner (original mind) ask questions to the 
copy (cloned mind), questions which supposedly only the original 
mind would know answers to. … Good questions would relate 
to personal preferences, secrets (passwords, etc.) as well as recent 
dreams.” For the verification of AI identity, the arrangement of an 
altered Turing Test could be that an examiner asks questions to AIs 
at different points in time. The test would be passed if the examiner 
cannot distinguish between the two AIs by questioning them.

	•	 Physical biometric factor: The only area we are aware of, for which the 
AI identity problem is currently being explored, is related to owner-
ship verification where techniques are used resembling the physical 
biometric factor. For example, Peng et al. describe so-called model 
extraction attacks to steal successful machine and deep learning 
models by querying their application programming interfaces [8]. 
They provide further an overview of the two categories of antidotes 
that have been developed to verify whether a model has been stolen 
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(watermarking techniques as well as fingerprinting techniques) and 
introduce a novel fingerprinting approach.

	•	 Behavioural biometric factor: Again the computer hardware substrate 
of AIs can be harnessed, as usually some if not all of the previous 
“behaviour” of an AI have been recorded. Therefore the examined 
AI could be requested for authentication to repeat certain unique 
previous behaviour. For example, a text-to-image model, such as 
DALL-E,2 could be asked to produce an image with a certain descrip-
tion, and different image generators may produce very different 
images, in terms of style.

	•	 Ownership factor: This factor would be applicable for AIs with legal 
personhood [10]. Those AIs would be able to own something, includ-
ing unique items, which nobody else owns and which could be used 
for authentication.

	•	 Location factor: The code of an AI is processed at a specific location, 
which includes decentralised AI. At any given time for any AI, which 
is connected to a power source, a location, usually within computer 
hardware, can be identified with a certain granularity where there is 
currently no other AI located. It could be as simple as an IP address, 
as described above for humans.

	•	 Guardian factor: Also similarly as introduced above for humans, rel-
evant agents, such as creators, users, trainers or other AIs, may or 
may not confirm that it is the same AI.

According to this method, the identity of an AI with AIs at an earlier point in 
time is verified if all six factors of the multi-factor authentication have been 
passed.

8.5 � Further Scenarios

Based on the approaches above, we can establish that an AI, which just 
evolves over time, retains its identity, while the AI identity problem becomes 
partly trickier for the following scenarios, which are discussed below: repli-
cation, fission, fusion, switch off, resurrection, change of hardware, transi-
tion from non-sentient to sentient, journey to the past, offspring and identity 
change. These scenarios illustrate that the AI identity problem has further 
facets than the personal identity problem, since these scenarios are currently 
mostly impossible for humans and, if at all, only discussed regarding the 
personal identity problem in the light of emerging technologies.
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8.5.1 � Replication/Fission

Owing to their usual hardware substrate, AIs can be easily replicated, 
unlike humans, which increases the relevance of the discussion what this 
means for the identity of the involved AIs, while this is for humans for 
now of theoretical nature [19]. As the replicas will be independent, one 
replica will not cause the state of another replica. Likely, the replicas will 
quickly develop differently depending on their individual context, thus, 
their divergent input. Therefore, the replicas do not have continuity among 
each other, but each of them has continuity with the original. Therefore, 
there is AI continuity between every replica AI and the original AI but not 
among the AI replicas.

8.5.2 � Fusion/Swarm

Fusion refers to a scenario where two or more AIs are merged into one. Like 
the scenario above, the merged AI would have continuity with each of the 
originals and again the multiple-occupancy view can be applied, which has 
been introduced for the problem of personal identity above. A special, yet so 
far hypothetical case would be a merger between an AI and a human mind 
because of a brain–machine interface, as indicated under the motivations 
above. As also mentioned under the motivations, it could constitute a chal-
lenge to determine whether a certain AI is actually a merger between several 
AIs or a singleton AI.

When it comes to more than one identity according to the multiple-
occupancy view, humans usually only think of diseases such as dissociative 
identity disorder and may not be able to conceive merged identities neither 
between AIs nor between humans and AIs. Nevertheless, if humans cannot 
conceive, it does not mean that it is impossible.

What can be seen as another special case of fusion is swarm intelligence, 
composed of decentralised AI systems, yet acting collaboratively [11]. The 
inspiration often comes from biological systems. Examples are ant colonies, 
bee swarms, fish schools and birds flocks, which achieve a common goal more 
effectively than attempting it individually. While AIs are in a swarm, this can 
be considered as fusion, potentially followed by fission, as AI swarms may 
be a temporary arrangement only. Concerning AI identity, the same ideas 
apply as outlined above for fusion and fission.

8.5.3 � Switch Off

Switch off refers to scenarios when the AI has been removed from energy 
supply, but the code and the memory still exist.3 The code and the memory 
could be preserved in different formats, including as hard copy, since above 
we declared the substrate as not relevant to AI identity.



The Problem of AI Identity� 129

While being switched off, such an AI should have, by definition, the iden-
tity of the AI before it was switched off, as opposed to losing its identity, 
because, as described below, it can be resurrected. If it was deprived off its 
identity while being switched off, this would create problems regarding 
ownership, patents and also AI welfare in case of a sentient AI, which was 
switched off against its wish [6].

While the first two scenarios, fission and fusion, are for humans rather 
thought experiments for now, a switch off scenario could be compared with 
a human falling into coma. The difference would be that a human in a coma 
still requires energy for the preservation of her or his memory, which is a 
central component of his or her personal identity. However, the switch off 
scenario cannot be compared with a human who dies, since in the case of 
death, the memory will be erased.

8.5.4 � Resurrection/Switch on Again

While resurrection of dead humans is a longstanding desire, for which, 
however, no way of implementation has yet been invented, resurrection of 
humans from a coma happens, and is commonplace nowadays when it comes 
to the medical procedure of induced coma. Those humans are considered to 
have the same personal identity they had before and during the coma.

Resurrection of AIs is even more straightforward and means to turn an 
AI on again after it had been switched off as described above. The duration 
for how long the AI had been switched off does not matter. While the fission 
scenario above can be compared with the “copy and paste” operation, resur-
rection resembles the “cut and paste” operation.

If there were no manipulations in between, the initial state of the AI after 
switching it on again is the same as the state the AI was in before it was 
switched off. Therefore, there is AI identity between a resurrected AI after a 
switch off and the AI before the switch off.

8.5.5 � Change of Hardware/Substrate

During the existence of an AI, its hardware could be significantly changed in 
various aspects. While, from an evolution of technology point of view, this 
would mostly concern upgrades, such as faster processors or more sophis-
ticated sensors and actuators, we can in theory also consider downgrades. 
Potentially, it is required for such a change to switch the AI system off and 
thereafter on again, as just described. Moreover, although for now, AI is 
mostly implemented on the same type of computer hardware, a transfer of 
the AI to other substrates is also conceivable, in which the same type of com-
putational operations continues to take place.

Nevertheless, AI identity should not be affected by any of such operations 
as the definition still applies that the first state of the AI after the change 
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of hardware or substrate has been caused by the last state of the AI before 
the change of hardware or substrate. This is not only in accordance with the 
unchanged personal identity of humans who have, e.g., received glasses or 
a heart pacemaker or who lost a limb in an accident but also with overall 
identity deliberations, e.g., about the Ship of Theseus, that the sameness of 
the underlying matter does not matter.

For humans, this scenario may only become relevant in the future, as for 
now, as mentioned above, no practical ways for the uploading of human 
minds to a computer exist.

8.5.6 � Transition From Non-Sentient to Sentient (and Vice Versa)

As mentioned before, the specification of AI identity is especially relevant 
for sentient AIs. Yet, if sentient AIs were possible, also the sub-scenario is 
possible if not plausible that such AIs are not sentient from the moment they 
are created, but develop sentience over time, just as human babies do at early 
age. Since we assume, just as for living beings, that, if at all, sentience of AIs 
evolves without external manipulations the identity of neither the human 
baby nor the AI should be affected during the transition from being non-
sentient to being sentient.

In the future, it may be possible to distinguish between AIs, which have 
the capacity to become sentient and those who do not have such capacity. To 
the former group, Chalmers assigns a minimal moral status even before they 
are sentient [30]; thus, it would be helpful to categorise such AIs by means 
of their identity.

Furthermore, the reverse scenario is conceivable that a sentient AI trans-
forms (again) into a non-sentient one, as it happens for humans in certain 
coma conditions. For example, if an AI endures unbearable suffering and 
is at the same time capable to turn its sentience off, it may as well do so. 
Also, for this transition the identity of neither the human nor the AI should 
be affected.

8.5.7 � Journey to the Past

Another occasional human desire, yet unfeasible to implement is to go back 
in time (and to potentially revise certain actions). Also, this is an undertak-
ing, which can be realised for AIs rather straightforwardly. The AI system 
just needs to be reset to a state, in which it has been in the past and of which 
records are likely available, which will guide the reset procedure. Such 
undertaking may be motivated in practice to evaluate how an AI would per-
form with different inputs and in different contexts.

Similarly, to the replicas in the fission scenario, the AI will likely develop 
differently and may not reach that state again, from which the journey to the 
past was initiated. Nevertheless, such an AI keeps its identity as it has gone 
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back to an exact state, in which it was before. The subsequent branching off 
does not affect the identity, since also in the new branch, one state of the AI 
causes the following one.

8.5.8 � Offspring

Scenarios are conceivable that AIs, through autogamy, create other AIs, 
which have to some extent been implemented already [31]. Such “children 
AIs”, just like human offsprings, do not have the same identity as their “par-
ents”, since the offspring contains, according to both evolutionary theory 
and evolutionary computation, also random bits, which do not exist in the 
parent, thus, not computed by it.

8.5.9 � Identity Change

Since we discussed several scenarios where the AI identity is kept, we should 
also look at cases when the identity of an AI changes: The identity of an AI 
can be changed if there are external manipulations to the AI, which converts 
the AI to a state, which is not exclusively caused by a previous state of the 
AI. The external manipulation could be carried out by humans or other AIs, 
desired or undesired, e.g., through hacking.

It must be noted that this is not the case for all external manipulations of 
the AI, because in the course of learning and updating, AIs are, similar to 
humans, frequently exposed to external influences. Yet, only severe manipula-
tions cause an interruption of continuity of AIs over time and thus an identity 
change. In this case, the concept of computational irreducibility, as described 
above, does not apply between the previous and the new state of the AI.

Lastly, we exclude the possibility that an AI changes its own identity. Even 
if an AI is capable of modifying its own source code (significantly), this 
would still mean, according to our definition, that the new state of the AI has 
been caused by a state of that AI in the past.

8.6 � Summary and Future Work

We have motivated the relevance of the AI identity problem for a variety 
of fields, ranging from legal issues, personhood of AI, AI welfare, brain–
machine interfaces, the distinction between singletons and multi-agent 
systems, to supporting a solution to the problem of personal identity. 
Nevertheless, the issue of AI identity has hardly been examined yet in a 
comprehensive manner.

We suggested two approaches towards the AI identity problem: first, we 
summarised the status of the problem of personal identity and proposed an 
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adjusted definition for AI identity, based on causal relations, thus, connec-
tiveness, thus, continuity between AIs at different points in time. As a method 
of verification, we proposed to map AIs to states of cellular automata and to 
apply the concept of computational irreducibility to the transition from one 
state to another. Second, we suggested using multi-factor authentication for 
the verification of AI identity at different points in time based on the six fac-
tors knowledge factor, two biometric factors, ownership factor, location fac-
tor and guardian factor.

We tested this definition for scenarios such as replication, fission, fusion, 
switch off, resurrection, change of hardware, transition from non-sentient 
to sentient, journey to the past as well as offspring. And we also discussed 
how the identity of an AI may change. While for humans most of these sce-
narios for now appear only in science fiction, our AI-focused elaborations 
may still provide groundwork if these scenarios ever become more realistic 
for humans too.

Out of the reasons listed above to examine the AI identity problem one was 
whether this research may shed any light on the problem of personal iden-
tity. In this regard, we look at the two introduced approaches and whether 
they may be applied to the problem of personal identity to: for the first one, it 
would be required to map states of human minds to states of cellular autom-
ata before applying the concept of computational irreducibility. The map-
ping of human minds to cellular automata is currently too complex; thus, 
this approach is not helpful for the problem of personal identity.

However, we suggest for future work to explore applying the multi-
factor authentication approach to the personal identity problem, which, 
according to our knowledge, has not been attempted yet. The introduced 
list of factors, knowledge factor, physical biometric factor, behavioural bio-
metric factor, ownership factor, location factor and guardian factor, pro-
vide a useful foundation but could potentially be refined and extended. 
The methodology would be to authenticate a person at different points of 
time. For example, the person in question would be asked about things 
she or he knows and regarding something he or she owns, biometric fac-
tors would be checked, etc. The identity of a person at present time with 
a person at an earlier point in time is verified if all factors of the multi-
factor authentication have been passed. Specific cases, such as that a per-
son forgets things over time or sells, gives away or loses things she or he 
owned or may forfeit biometric traits, such as fingerprints and iris, when 
possibly being uploaded in the future, would have to be worked out. For 
example, in other substrates, other “biometric” traits of a person could be 
examined, such as IP addresses for computers. In brief, we consider multi-
factor authentication as an innovative approach not only for the AI but also 
for the personal identity problem.

Moreover, the focus in this chapter was on the Western philosophy of mind. 
However, not only for the purpose of inclusivity it appears promising for the 
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AI identity problem to look in the future also at approaches how the mind is 
seen in Eastern philosophy. While the main distinction between dualism and 
monism has emerged in both Western and Eastern philosophy, also another 
doctrine has been developed in Eastern philosophy, which has no counter-
part in Western philosophy: in the Buddhist philosophy of mind, the term 
anatta stands for “non-self” and “holds that the notion of an unchanging per-
manent self is a fiction and has no reality” [32]. Instead, a (sentient) being is 
defined by five so-called skandhas, which are form, sensations, perceptions, 
mental activity or formations and consciousness. It is beyond the scope of 
this chapter to explore whether this approach enables a more precise or even 
a different solution to the problem of AI identity and is, thus, also recom-
mended for future work.

Overall, this chapter aims to provide initial propositions to what appears 
to be a complex yet relevant field of research. Therefore, due to the signifi-
cance of the AI identity problem, further work on the outlined definition and 
verification approaches as well as their potential linkages with the personal 
identity problem is recommended.

Notes

	 1	 However, Yampolskiy describes that establishing AI ownership is confronted by 
a whole range of challenges, since advanced AIs are unexplainable, unpredict-
able, uncontrollable, potentially capable of recursive self-modification as well as 
easy to steal and to obfuscate [7]. For conceivable future scenarios that AIs may 
be granted legal personhood or other freedom rights or if sentience of certain AIs 
can be confirmed, ownership of those AIs would even likely be illegal.

	 2	 ​https://​openai.​com/​dall-​​e-​​2.
	 3	 Concerning superintelligence, there are discussions that it would prevent being 

switched off due to its assumed instrumental goal of self-preservation [32]. 
However, this is not relevant here, since we are looking at all types of AIs and 
even superintelligence may accept being switched off under certain circum-
stances, e.g., energy shortages or to “hibernate” during irrelevant or boring peri-
ods, given the prospect of to be switched on again with the same identity.
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9
Potential Synergies between the United 
Nations Sustainable Development Goals 
and the AI Value Loading Problem

Soenke Ziesche

9.1 � Introduction

In this chapter, it is proposed to bring two relevant challenges together, 
which are currently addressed separately, and to identify synergies that may 
benefit the tackling of both challenges. The challenges are the artificial intel-
ligence (AI) value-loading problem and the United Nations (UN) Sustainable 
Development Goals (SDGs):

	•	 The solution of the AI value-loading problem is considered to be 
essential for AI safety, hence a topic of immense significance and 
even regarded as a potential existential risk, which humanity is fac-
ing [e.g., 1–4].

	•	 The SDGs have been adopted by the UN General Assembly in 2015 
and are intended to “stimulate action over the next 15 years in areas 
of critical importance for humanity and the planet” [5, p. 1].

The chapter is structured as follows. First, the challenges and their sig-
nificance are introduced. In the main section, a proposal on how to bring 
the challenges together is outlined, followed by an analysis of the oppor-
tunities and the risks. The chapter concludes that the proposal is, despite 
challenges, a suitable as well as timely heuristic due to the urgency of AI 
safety.

http://dx.doi.org/10.1201/9781003565659-10
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9.2 � The Artificial Intelligence Value-Loading Problem

The definition of intelligence is not straightforward. Legg and Hutter [6, p. 
12] provide an overview of the many definitions that have been proposed 
over the years and eventually deliver the following general definition: 
“Intelligence measures an agent’s ability to achieve goals in a wide range of 
environments”. Based on this definition, it can be said that if the “agent” is a 
human being or an animal, it is regular intelligence, while it is AI if the agent 
is a machine.

In previous decades, some AI successes were achieved in specialised fields, 
which is called narrow AI [e.g., 7]. However, in recent years, AI develop-
ments are progressing faster especially owing to significant advancements 
in machine learning. Machine learning comprises methods that enable com-
puters to make inferences from data based on statistical methods and thus 
machines learn and gain new knowledge, which was not explicitly pro-
grammed into them before. As a consequence, e.g., Kurzweil [8] and Bostrom 
[2] argue that it is realistic that this will not only lead from narrow AI to 
artificial general intelligence, which would be a machine capable of behaving 
intelligently over many domains but also eventually to so-called superintel-
ligence, which would be a machine, which surpasses the abilities of humans 
in general and not only in specialised fields such as chess [e.g., 9].

As stated in the definition above, AIs operate towards the achievement 
of goals. However, the progress in the field is accompanied by the risk that 
such an AI could not only have goals, which are not in the interest of human-
ity, but also means to implement such goals because of its unprecedented 
capabilities. To illustrate this risk by using the SDGs: if not directed in that 
way, there is no reason to assume that a machine with superintelligence has 
goals, which are compatible with the SDGs. Therefore, it is highly desirable 
to somehow influence such a machine so that it values the SDGs as well as 
many ideals, which humans value such as dignity, rights and freedom.

The related area of research is called AI safety and was pioneered by 
Yudkowsky who called for the development of so-called Friendly AI [1]. 
Friendly AI would be an AI, which impacts humans only in a positive way. 
Yudkowsky noticed serious challenges to achieve this given the unprece-
dented capacities of a machine with superintelligence [1]. The basic question 
is how to cause an AI to pursue human goals and values. In a seminal work, 
Bostrom describes this issue as “AI value-loading problem” and argues that 
a failure in solving this problem may lead to an existential threat to human-
ity [2]. Bostrom outlines several options to instil human values into an AI: 
explicit representation, evolutionary selection, reinforcement learning, value 
accretion, motivational scaffolding, value learning, emulation modulation or 
institution design [2, p. 207]. Moreover, Bostrom [10] and also Soares [11] 
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introduce further ideas to handle the AI value-loading problem. Nevertheless, 
a thorough solution to the problem has not been found yet.

Tegmark describes the tackling of AI safety as a threefold task: “1. Making 
AI learn our goals; 2. Making AI adopt our goals; 3. Making AI retain our 
goals” [4, p. 334]. He also notes that the time window to address this issue 
may be quite short because of the following dilemma: at a less mature stage, 
the AI is still controllable but also too dumb to understand human values 
and goals. Yet at a more advanced stage when the AI is likely to grasp all our 
values and goals, it may be too late to influence it and to prohibit it from set-
ting its own, potentially adverse goals.

AI safety research has gained momentum in recent years, which is demon-
strated by the establishment of several research institutes dedicated to this 
topic.1 Another milestone was in 2017 the adoption of the so-called Asilomar 
Principles towards a beneficial AI by leading AI researchers, such as Nick 
Bostrom, Eliezer Yudkowsky, Ray Kurzweil, Max Tegmark, Stuart Russell 
and many others.2

9.3 � The United Nations SDGs

The other challenges referred to in this chapter are the SDGs, which are the 
outcome of an effort by the United Nations to consolidate the problems 
the international community is facing currently. On 25 September 2015, 
all 193 member states of the UN General Assembly adopted resolution A/
RES/70/1 called “Transforming our world: the 2030 Agenda for Sustainable 
Development” [5]. The pillars of this agenda are 17 ambitious SDGs, which 
cover a broad range of issues related to sustainable development, includ-
ing poverty, hunger, health, education, environment and social justice. The 
fact that all member states of the United Nations support this agenda dem-
onstrates the universal acceptance that the SDGs address the current most 
relevant issues of humankind.

The SDGs are the successor of the eight Millennium Development Goals, 
which were the outcome of the UN Millennium Summit and the United 
Nations Millennium Declaration in 2000 and were pursued until 2015. The 
SDGs came officially into force on 1 January 2016, and the UN member states 
aim to achieve them by 2030. The 17 SDGs are further divided into 169 targets. 
In order to measure progress and success towards the SDGs and their targets, 
some 232 indicators for monitoring are being developed [12]. These numbers 
show that the SDGs are much more comprehensive as well as complex than 
the Millennium Development Goals. The SDGs are not legally binding, but 
member states are requested to take ownership and engage in their imple-
mentation. Since the commencement of the 2030 Agenda, numerous activities 
all over world have been initiated reflecting the high diversity of the SDGs.3
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9.4 � Opportunities and Risks

After introducing the two challenges and their relevance, an approach 
towards the AI value-loading problem is outlined, which is to utilise the 
ongoing UN 2030 Agenda for Sustainable Development and in particular the 
SDGs as an opportunity to set the values of an AI. In other words, the attempt 
would be to hand-code the SDGs into the AI as desirable values through 
explicit representation, which is one of the options listed in Bostrom [2].

Yudkowsky describes that it is a hard problem to agree on sufficiently spe-
cific as well as universal human goals [13]. Nonetheless, this is a requirement 
to approach the AI value-loading problem. So far, it has not been considered 
harnessing the SDGs in this context. Yet the SDGs address the aforemen-
tioned criteria:

	•	 Specific: Indicators have been developed for the SDGs to review to 
what extent the SDGs and its sub-targets are achieved.

	•	 Universal: The set of SDGs as a conglomerate can be seen as the clos-
est existing approximation towards common human goals since it 
is what all member states of the UN, i.e., the world community, cur-
rently agrees upon.

For illustration, the following target within SDG 3 “Ensure healthy lives and 
promote well-being for all at all ages” is taken as an example:

Target 3.6: By 2020, halve the number of global deaths and injuries from 
road traffic accidents [14, p. 7]

The success of this target is measured by the following indicator.

Indicator 3.6.1: Death rate due to road traffic injuries [14, p. 7]

Following the suggested approach, it would be programmed to the AI that 
road traffic accidents and in particular deaths and injuries resulting from it 
are bad; thus among all possible actions, the AI must prefer those, which do 
not cause traffic accidents.4

This example also demonstrates the relevance of ensuring that an AI not 
only learns but also adopts even most obvious and universally undisputed 
targets, such as reduction of traffic accidents. As was mentioned above, this 
is required, since otherwise AIs have no understanding of human values and 
may develop random goals within the vast range of potential goals, which 
may entirely oppose human values. In other words, AIs may regard traf-
fic accidents as irrelevant or hypothetically may even develop the goal to 
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increase the number of traffic accidents. This has not happened up to now, 
but this is what the field of AI safety is about, to prevent undesired outcomes 
as much as possible.

To summarise the outlined opportunity, it is argued that all the 17 SDGs 
and their 169 targets as a whole are the prevailing instantiation of human 
values by virtue of their adoption of the UN General Assembly, thus the set 
of SDGs and their targets can be considered loading as goals into an AI in 
order to align the AI with our goals.

While the utilisation of the SDGs for the AI value-loading problem offers 
opportunities, there are also the following risks linked to specification and 
universality:

9.4.1 � Insufficient Specification of Human Values

This is probably the most difficult sub-problem of the AI value-loading prob-
lem and is demonstrated by a potential consequence, which is called “per-
verse instantiation” [2]. For example, in the above case, the AI may pursue its 
target to reduce road traffic accidents by attempting to destroy all motorised 
vehicles, although this appears to be completely absurd to humans. This is, 
literally taken, one way to achieve this target. (Without motorised vehicles, 
road traffic accidents can hardly happen anymore.) However, it is obviously 
not what the authors of this target had in mind. But the authors did not 
explicitly exclude this option, which illustrates the problem: Humans use 
extensive implicit contextual knowledge, in general and when tackling the 
SDGs in particular, which would have to be specified for an AI in order to 
avoid undesirable outcomes. To give another idea of how many “perverse” 
options have to be excluded, the AI may also attempt to confine all humans 
at their homes, which is another effective, yet unwanted possibility to reduce 
road traffic accidents.

The issue is exacerbated by the fact that a number of SDG targets are less 
specific than the example above. An independent scientific review of the 
SDG targets concluded that “out of 169 targets, 49 (29 %) are considered well 
developed, 91 targets (54 %) could be strengthened by being more specific, 
and 29 (17 %) require significant work” [15, p. 6]. One of the main identified 
issues is targets that are not quantified. To identify indicators for such targets 
is particularly challenging.

An example for a not well-defined target is the following as it is rather 
vague and non-quantitative:

Target 13.b: Promote mechanisms for raising capacity for effective climate 
change-related planning and management in least developed coun-
tries and small island developing states, including focusing on women, 
youths and local and marginalised communities [14, p. 18]
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9.4.2 � Human Values May Change

Moreover, the universality criterion for the SDGs entails risks, not when it 
comes to geographic universality, but regarding permanence. Human values 
have changed over time [e.g., 16]. The acceptance of slavery in certain times 
and societies is one of numerous examples. Therefore, it is likely that the next 
round of SDGs from 2030 onwards will be different for several reasons:

	•	 Human values may have changed. (For example, the current SDG 
target 8.5, which aims to “achieve full and productive employment 
and decent work for all women and men” [14, p. 12] may in times of 
advanced technologies neither be realistic nor worthwhile anymore.)

	•	 Challenges may have been eliminated. (For example, diseases, which 
are currently combated as per some targets within SDG 3 “Ensure 
healthy lives and promote well-being for all at all ages” [14, p. 6], 
may have been eradicated.)

	•	 New, currently unforeseeable challenges may likely come up as well 
as human values we have been oblivious of up to now [16].

Therefore, it must be ensured that the AI is flexible enough to accept changes 
to its goals and must not stick to the initial goals. In this regard, the distinc-
tion between instrumental and terminal values is relevant. A terminal value 
is a final goal, while instrumental values are means-to-an-end to accomplish 
the terminal value. If the terminal value is the wellbeing of humans,5 the 
SDGs can be considered as current instrumental values. It is desirable that 
the AI understands that these instrumental values may change (perhaps 
even based on advice by the AI), while the terminal value, the wellbeing of 
humans, remains permanent.

9.4.3 � The AI May Change Autonomously Its Goals

This is considered a potentially hazardous scenario, if due to unforeseen 
developments, the AI is not only capable of changing its goals but also in fact 
it does. As shown above, humans have changed goals frequently over time; 
thus, it has to be projected that the AI may also do it.

Omohundro defines “basic AI drives” to be likely exhibited by all 
advanced AIs, among which is, e.g., self-preservation [17]. In this regard, it 
has to be noted that the SDGs do not mention AI at all, let alone preserva-
tion of AIs. Therefore, it has to be considered that an AI may try to pursue 
also further goals in addition to the SDGs, e.g., to ensure its own mainte-
nance. The amendment or addition of goals would become dangerous if 
the new goals are not aligned anymore with the goals of humans or the 
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SDGs. This would be the case if activities to support the self-preservation 
of the AI affect adversely the SDGs.

In this chapter, the opportunity to utilise the SDGs for the AI value-loading 
problem was motivated, followed by the description of three potential risks 
associated with such an approach.

9.5 � Conclusion

Despite the presented notable risks, it is proposed here to consider connecting 
the AI value-loading problem and the UN SDGs since the AI value-loading 
problem is time-critical. Tegmark believes that “both this ethical problem 
and the goal-alignment problem are crucial ones that need to be solved to 
steer our own future before any superintelligence is developed” [4, p. 344]. 
By “ethical problem”, he is referring to the issue that in addition to figure out 
how to instil human values into an AI, there needs to be an agreement on what 
values to use. Therefore, in this chapter, it is advocated to harness synergies 
between AI and the SDGs.

The first direction of the synergy, which was explored above, addresses 
Tegmark’s “ethical problem” by deliberating whether AIs could learn the 
SDGs and adopt them as their own goals [4]. Because of the unsolved 
risks, it is not claimed in this chapter that a comprehensive solution has 
been proposed. However, given the speed of progress in the AI field, the 
AI value-loading problem may require an urgent, possibly interim solu-
tion. The SDGs can be seen as the most comprehensive as well as inclusive 
vision for human development ever compiled. Therefore, it is argued here 
that the SDGs, by utilising them as current instrumental values (towards 
the terminal value of human wellbeing), constitute an innovative as well 
as promising heuristic towards AI safety, justified by the adoption of the 
SDGs by the UN General Assembly as well as by the fact that the SDGs 
are, with exceptions, fairly specific because of the variety of targets and 
indicators.

Adopting this heuristic would require specifying most of the targets and 
indicators further, i.e., to have, in addition to the current version, another 
version, which is machine-understandable, thus minimising the risks of per-
verse instantiation as described above.

Up to now, it was examined in this chapter how the SDGs could contribute 
to the AI value-loading problem, but since synergies ideally benefit both par-
ties, the other direction of the synergy remains to be briefly explored too, i.e., 
whether an AI could support the achievement of the SDGs (after the AI has 
accepted the SDGs as its goals to strive for), which would be beneficial for a 
sustainable society.
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In other fields, AI programs have found creative solutions humans had 
not thought of before, e.g., regarding video games [18]. Also, for the SDGs, 
there are already some instances, and it requires often only narrow AI, which 
focus on specific targets, rather than artificial general intelligence. Examples 
comprise autonomous robotic surgery for enhanced efficacy, safety and opti-
mised surgical techniques, which addresses SDG 3 “Good Health and Well-
Being” [19], or a virtual teaching assistant, implemented on IBM’s Watson 
platform, which addresses SDG 4 “Quality Education” [20]. However, for 
many of the 169 targets, there are, despite their urgency, no AI attempts yet 
[e.g., 21]. Therefore, the SDGs can also be considered as a priority agenda of 
research topics for increasingly progressing narrow AI. This briefly outlines 
the other direction of the synergy, which was not in the focus of this chapter. 
There is potential that AI assists in the achievement of the SDGs.

In summary, this chapter aims to bridge a gap between AI and the SDGs 
by proposing, in particular, a heuristic as a suitable interim attempt for the 
very hard AI value-loading problem and, in general, at least the initiation 
of common discussions. The heuristic suggests utilising the entirety of the 
17 SDGs of the UN 2030 Agenda for Sustainable Development as goal set 
to be instilled to an AI. The benefit for AI development may be an interim 
step towards the achievement of AI safety, while the benefit for the UN 2030 
Agenda for Sustainable Development may be innovative solutions towards 
the achievement of the SDGs.

Notes

	 1	 Examples are the Machine Intelligence Research Institute (​https://​intelligence.​
org/) or the Future of Life Institute (​https://​futureoflife.​org/).

	 2	 See ​https://​futureoflife.​org/​ai-​​principles/.
	 3	 See, e.g., ​https://​www.​un.​org/​sustainabledevelopment/ or ​https://​sdgs.​un.​

org/.
	 4	 This target is especially of importance for AIs involved in the ongoing develop-

ment of self-driving cars.
	 5	 It is acknowledged that also here the previous risk is relevant and that this termi-

nal value would have to be much more specific for an AI to be understood.
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10
The Neglect of Qualia and Consciousness 
in AI Alignment Research

Soenke Ziesche and Roman V. Yampolskiy

10.1 � Introduction

In this chapter, we suggest shifting the focus of research related to the AI 
value alignment problem to aspects, which are so far neglected, conscious-
ness and qualia. To demonstrate that such a shift is reasonable as well as likely 
feasible in the near-term future due to developments in neurotechnology, we 
first briefly introduce relevant topics, which are the AI value alignment prob-
lem, consciousness and qualia, moral patients and agents, neurotechnology, 
neuroscience of consciousness as well as death.

The remaining part of the chapter is structured as follows. We present the 
case for AI value alignment by means of understanding of consciousness, 
including resulting recommendations and implementation prolegomena, 
followed by a conclusion.

10.1.1 � AI Value Alignment Problem

Among a range of problems related to the safety of AI systems is the value 
alignment problem perhaps the most substantial one as well as hardest [1, 2].  
Briefly, it is about the question how to develop AI systems, especially not 
yet existing super intelligent Artificial General Intelligence (AGI) systems, in 
a way that they pursue goals and values which are aligned with goals and 
values of sentient beings. This complex problem can be broken down into at 
least three subproblems, of which only the first one is discussed here. First, 
it has to be endeavoured to precisely extract the values and interests of all 
concerned beings; second, it has to be endeavoured to aggregate these values 
in a consistent manner; third, it has to be endeavoured to instil these values 
into AI systems. The first two subproblems are normative, while the third 
one is technical [e.g., 3].

http://dx.doi.org/10.1201/9781003565659-11
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All three subproblems have proven to be very challenging (if not unsolv-
able). Regarding value extraction, when we look at the values and interests 
of humans, it can be stated that their values and interests are often fuzzy, 
at times irrational and frequently inconsistent with the values and interests 
of other humans. Moreover, human values and interests commonly change 
over time; thus, in addition to the inconsistencies of values between dif-
ferent humans, there are also inconsistencies of human values at different 
points in time during their lifespan as well as during the history of human-
ity. This is linked to the observation that “that we humans have an imper-
fect understanding of what is right and wrong, and perhaps an even poorer 
understanding of how the concept of moral rightness is to be philosophically 
analyzed” [1, p. 217]. Therefore, it would not be constructive, even if we were 
able to extract and specify currently accepted human values and interests, to 
hardwire them into AI systems as they may be deprecated after some time. 
In addition, various other issues have been pointed out, which led to the con-
clusion that “the idea of ‘human values’ should be replaced with something 
better for the goal of AGI Safety” [4, p. 27].

As we will elaborate further below, the challenge with fuzzy as well as 
changing values and interests over time could potentially be eliminated if we 
look at consciousness and qualia instead since it never changes that humans 
enjoy pleasure and dislike pain.1

It is evident that the extraction of values and interests from other moral 
patients, such as nonhuman animals and potential digital minds (see below), 
is even harder due to communication problems but also due to potentially, 
for humans, unfathomable values and interests of these beings.

10.1.2 � Consciousness and Qualia

Although consciousness is for humans very familiar and comprises phe-
nomena, such as awareness, sentience and wakefulness, it has been proven 
very hard to analyse consciousness scientifically and philosophically [e.g., 5].  
Three umbrella questions summarise the problem, each of them highly com-
plex and discussed for centuries: What is actually consciousness? How does 
consciousness come into existence? Why does consciousness exist, i.e., what 
is its function? Conscious experience involves qualia, such as perceiving 
colours and sounds, tasting food or enduring pain, which cannot be satis-
factory verbalised by humans. While for us qualia are, while being awake, 
continuously introspectively accessible, their actual nature is controversial.

In short, consciousness and qualia constitute a broad field, yet with lim-
ited scientific findings. In this chapter, further below we focus only on the 
neuroscientific aspects of consciousness and, thus, areas to which AI could 
contribute but not the philosophical aspects.
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10.1.2.1 � Non-Human Animals

While it is hard if not impossible to prove solely through philosophical 
methods that other beings, including humans and nonhuman animals, have 
conscious experiences, “there is no longer any serious dispute among sci-
entists that at least some nonhuman animals can feel pain and experience 
other conscious states, both positive and negative” [6, p. 14]. Because of this 
insight, it has been demanded to also incorporate the values and interests of 
nonhuman animals into AI alignment research, which adds another layer of 
complexity to the problem [7].

10.1.2.2 � Potential Digital Minds

The substrate-independence thesis states that “mental states can supervene 
on any of a broad class of physical substrates. Provided a system implements 
the right sort of computational structures and processes, it can be associated 
with conscious experiences” [8, p. 2]. If this was true, then sentient digital 
minds are conceivable, and the AI value alignment problem would be even 
more complex, including the possibility that sentient digital minds have 
vastly different conscious experiences as well as the potential impossibility 
for sentient digital minds to die, given the options of easy copyability and 
resurrection owing to the computer hardware substrate.

10.1.3 � Moral Patients and Agents

A critical concept for the AI value alignment problem is moral patienthood. 
Moral patients are beings, who are eligible for moral consideration. A com-
mon criterion for a being to be a moral patient is having consciousness [9]. 
As described above, nonhuman animals experience also conscious states and 
are, therefore, morals patients, which can be expressed as follows: “There is 
no moral justification for treating the pain (of nonhuman animals) as less 
important than similar amounts of pain felt by humans” [6, p. 21]. The same 
applies to potential digital minds: these may not only be moral patients too 
but their existence could involve various additional moral challenges due 
to their potentially vast numbers as well as due to their potentially different 
needs [10, 11]. Therefore, a complete solution of the AI value alignment prob-
lem will have been only achieved if AI systems are aligned with the values 
and interests of all moral patients.

In contrast, moral agents are beings who have the ability to discern right 
from wrong and, thus, are to be held accountable for its actions. There are 
moral patients who are not moral agents, such as infants and mentally dis-
abled people. Whether there are moral agents who are not moral patients is 
discussed further below.
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10.1.4 � Neurotechnology

Neurotechnology is a field, which deals with devices to access, understand, 
monitor or manipulate neural activity in living beings. In recent years, a 
variety of neurotechnological applications are being developed “to help us 
become faster, more efficient, safer, healthier, less stressed, and even more 
spiritual” [12, p. 17]. For the purpose of this chapter, it is especially relevant 
to identify ways to comprehend neural activity. In this regard, “powerful 
machine learning algorithms are getting better and better at translating brain 
activity into what we are feeling, seeing, imagining, or thinking” [12, p. 17]. 
For example, recently a non-invasive AI-based device has been developed, 
which translates brain activity, i.e., thoughts, into text [13]. Also, ways are 
being found to decode with the help of AI systems the brain activity of sub-
jects to reconstruct images of what they are seeing [14, 15]. Similar to other 
emerging technologies, also neurotechnology can be of dual use; thus, a 
new human right to cognitive liberty regarding our brain activities has been 
demanded [12].

10.1.5 � Neuroscience of Consciousness

For the proposals towards the AI value alignment problem to be made fur-
ther below in this chapter, the neuroscience of consciousness is relevant. 
Consciousness had been discussed for a long time within philosophy mainly, 
but technological advancements in neuroscience enabled also scientific 
approaches towards consciousness despite obstacles being faced how to 
measure an essentially subjective phenomenon empirically [e.g., 5]. First, we 
introduce the distinction between generic and specific consciousness. The 
former concerns neural correlates when a state is conscious rather than not, 
while the latter one concerns neural correlates of the content of a conscious 
state.

Also, regarding neural correlates of consciousness, efforts through neuro-
technological applications are being made by identifying the specific neural 
activity patterns or processes that are associated with conscious experiences. 
These patterns are often referred to as neural correlates of consciousness. The 
idea is that certain patterns of brain activity might be closely linked to the 
emergence of conscious awareness [e.g., 16].

Another level of complexity is added by the fact that numerous processes 
in the mind take place unconsciously and are, thus, not available to intro-
spection. Also, progress has been made towards neurotechnological applica-
tions that track unconscious processes in brain [e.g., 12].

While, for humans, the existence of consciousness as well as of an uncon-
scious mind is usually indisputable, this has not been the case for nonhuman 
animals for a long time. However, as has been mentioned above, by now, 
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neuroscientific findings are very clear that certain nonhuman animals are 
conscious and can feel pain in particular [6, 17].

When it comes to potential digital minds, various attempts have been 
made to establish whether such beings are conscious [e.g., 18]. There has also 
been an endeavour to assess existing AI systems based on neuroscientific 
theories of consciousness to establish whether these systems are conscious 
or not. The outcome was that currently no AI systems are conscious, but that 
there are no obvious technical barriers for AI systems to satisfy indicators of 
consciousness [19].

10.1.6 � Death

Death constitutes the cessation of biological processes, which includes the 
end of conscious experiences. While it is, therefore, the most prominent goal 
related to the AI value alignment problem to prevent AI systems from kill-
ing moral patients, in the initial sense, the AI value alignment problem is not 
concerned with humans or nonhuman animals after their deaths.

However, an extension of the AI value alignment problem to bodies as well 
as minds of dead humans and nonhuman animals could be conceived, which 
to our knowledge is original and has not been discussed before. While some 
humans agree to the donation of their organs after their death, others oppose 
it. AI value alignment regarding dead bodies would mean not to mutilate 
them, unless explicit consent has been given by the deceased. This is relevant 
as it has been frequently claimed that for an AI system humans may merely 
be an assembly of atoms, which may be useful for the AI system to achieve 
its goals, e.g., to produce as many paperclips as possible [20]. A special case 
is cryonics, which comprises cryopreserved human remains at very low tem-
peratures, based on the speculative hope to resurrect this human at a later 
stage through not yet existing technologies. While it remains to be proven 
if it works, AI value alignment would also have to include not to rig these 
cryopreserved human remains.

Considerations related to the minds of dead humans are for now futuris-
tic. Significant progress in the fields of neurotechnology and neuroscience of 
consciousness is conceivable so that human minds could be copied to other 
substrates, e.g., when death is imminent. This is a complex topic with various 
implications [e.g., 21], but for this chapter, we only stress that the AI value 
alignment problem would also have to include such uploaded minds and the 
considerations for digital minds in this chapter are pertinent.

The situation for nonhuman animals is different as humans mutilate for 
millennia their dead bodies to make use of their meat, skin, fur, etc. Yet con-
sent from nonhuman animals cannot be received unless the communication 
barrier will be overcome. AI-based attempts in this regard are ongoing, and 
the situation may change if these attempts succeed [e.g., 22]. For the futur-
istic scenario of uploaded minds of deceased nonhuman animals, the same 
would apply as stated above for uploaded human minds.
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The corresponding event to death for potential digital minds would be 
their deletion. It is speculation if potential digital minds would permanently 
oppose to their deletion as this would mean a potentially indefinite lifespan 
for them owing to their computer hardware substrate. Also, this would cre-
ate substantial computational costs, especially in light of easy copyability 
and potentially vast numbers of digital minds. Moreover, for digital minds 
the distinction can be made between turning them off and keeping their 
code and their history or turning them off and destroying the code and the 
history as well. In the first scenario, the digital mind could be resurrected 
later. Regardless, if the existence of digital minds has been verified as well 
as their preferences towards deletion, the challenge arises to adjust the AI 
value alignment problem accordingly due to the moral patienthood of digi-
tal minds [10].

10.2 � AI Value Alignment by Means of Understanding of  
Consciousness

After the introduction of the relevant topics, we have established the foun-
dation for our main claim in this chapter, which is the importance of incor-
porating consciousness and qualia research to AI value alignment research 
as well as the potential feasibility of such efforts due to developments in 
neurotechnology.

We acknowledge that scientific approaches to consciousness and qualia 
research have been notoriously difficult but assert that they appear to be key 
to the AI value alignment problem and that potentially AI systems can actu-
ally lead to progress in consciousness research.

Just like the other subproblems of the AI value alignment problem, 
value extraction has proven to be very challenging and has not led to sat-
isfying results up to now due to fuzziness, irrationality and inconsistency 
of human values, which gets even more complicated if the values of other 
moral patients, such as nonhuman animals and potentially digital minds are 
factored in, as it ought to be the case. Therefore, we suggest an innovative 
approach to the value extraction subproblem, which constitutes a shift from 
values to conscious experiences.

Our initial premise is rather simple: (Most) humans (and most other moral 
patients) 1) want to be alive and 2) do not want to suffer.

Therefore, it would be desirable if AI systems through neurotechnology 
would be capable to understand three aspects concerning beings: first, if a 
being is alive and conscious, and, if it is affirmative that it is alive and con-
scious, second, in what state of mind the being is, and third, in what state of 
mind the being would be after any activity by the AI system, which affects 
the being.
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The first point corresponds to the term generic consciousness, and the 
second and third points correspond to the term specific consciousness, as 
introduced above. Note that the third point also includes that the AI system 
would understand whether the being would be dead after the activity by the 
AI system. In other words, the first point is critical for AI systems to identify 
moral patients, and the second and third points are critical for AI systems to 
treat moral patients in a morally adequate manner.

Then, three rules for AI systems as follows could be established:2

	•	 Do not conduct activities, which would kill living and conscious 
beings.

	•	 Do not conduct activities, which would cause for a living and con-
scious being a state of mind further towards pain on the pleasure/
pain axis.

	•	 Do conduct activities, which supports human beings to find a purpose 
in life, especially for those human beings, who have lost what they 
considered purpose of life due to new technologies, including AI.3

The first rule addresses x-risks or existential risks, which may lead to anni-
hilation of life on earth [23]. The second rule targets s-risks or suffering 
risks, which may increase suffering drastically [24]. The third rule covers 
sometimes neglected so-called i-risks and encompasses scenarios, in which 
humans lose their reason or purpose to live, particularly in light of emerging 
technologies. The “i” in i-risk stands for ikigai, which is a Japanese concept 
comprising the reason or purpose to live [25].

Regarding the first rule, it is also important that the AI system is capable of 
understanding all alternate states of consciousness, such as sleeping, being 
unconscious, under anaesthetic or in a coma, as states of being tentatively 
without consciousness. However, we established the additional requirement 
for AI systems to understand when a being is alive, which is probably any-
way easier than understanding if a being is conscious.

Going into more detail regarding the second rule, it is desirable if AI sys-
tems would be capable to understand through neurotechnology and neural 
correlates the states of mind, which moral patients would like to be in, such 
as (for humans) happiness, contentment and joy, including qualia they enjoy 
perceiving, i.e., states, which are tilting towards pleasure on the pleasure/
pain axis. In this regard, the risk of wireheading has to be mentioned, i.e., the 
undesirable scenario of direct stimulation of the brain by the AI system to 
experience pleasure [e.g., 26].

Equally, it should be aimed for AI systems to understand through neuro-
technology and neural correlates the states of mind, which moral patients do 
not like to be in, such as suffering, including qualia they detest perceiving, 
i.e., states, which are tilting towards pain on the pleasure/pain axis, which 
also includes dying.
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For this approach, we do not foresee the requirement for the concerned AI 
system to be conscious, i.e., to be a moral patient itself, but it needs to under-
stand, through neuroscientific knowledge as well as through neurotechno-
logical access to brains of concerned beings, consciousness and qualia of 
other beings to appreciate moral patients and moral considerations accord-
ingly. Therefore, the AI system would be a moral agent in the sense that it 
would be capable of acting with reference to right and wrong. It would be 
actually an instance of an artificial moral agent [27].

An advantage of this approach was indicated above: a major challenge of 
the value extraction problem was that human values have changed over time 
and, thus, are likely to change further in the future, e.g., due to moral circle 
expansion [28]. Therefore, there would have to be an option for humans to 
regularly update values of AI systems, which appears complex. In contrast, it 
never changes that humans enjoy pleasure, dislike pain and (in most cases) do 
not want to die. Therefore, these interests of humans could be hardwired into 
AI systems.

10.2.1 � Recommendations

Based on our proposition in the previous section, we offer recommendations 
towards strengthened research of the neuroscience of consciousness and 
qualia as well as challenges and further elaborations.

Recommendation 1

Intensify AI-supported research of the neuroscience of consciousness as 
well as qualia and develop AI-supported neurotechnological applica-
tions with the goal that AI systems become capable of understanding that 
a certain activity involving a human/any sentient being

[M]ay kill the human/sentient being.
Resulting rule: Don’t do it.
… has a negative impact on their wellbeing /cause suffering (in other 

words: if the AI activity would cause for the human/sentient being a 
state of mind, which corresponds to a move towards pain on the plea-
sure/pain axis).

Resulting rule: Don’t do it.

In neurotechnology, two main categories of research can be distinguished: 
“Tracking the brain” and “hacking the brain” [12]. The first one aims to access, 
understand and monitor neural activities. The second one aims to manipu-
late neural activities. Recommendation 1 above requires merely abilities to 
track the brain, i.e., to access, understand and monitor neural activities.

As indicated above, the item i addresses x-risks, while the item ii addresses 
s-risks. For item ii also, the unconscious mind is relevant. Ideally, the AI sys-
tem understands also unconscious worries and anxieties of humans and 
would act in a way that these are not affected.
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We acknowledge the following challenges:

Cognitive liberty: Concerns have been expressed that neurotechnological 
applications for brain surveillance will affect privacy, self-determination 
and the freedom of thought [12].

Trolley problem: Similar to thought experiments with self-driving cars, sce-
narios could be perceived, in which a certain AI activity may be bad for 
some humans/sentient beings but good for others. In such a case, it is 
hard to decide for the AI system what to do.

Perverse instantiation: Scenarios could be perceived, in which, e.g., a) a 
chess playing AI loses intentionally against a human since winning 
creates pleasure for the human, or in which b) an AI, which is tasked 
to shortlist applicants from submitted CVs, gets stuck because not-
shortlisted candidates would suffer if they were not selected.

Recommendation 2

Intensify AI-supported research of the neuroscience of consciousness 
as well as qualia and develop AI-supported neurotechnological appli-
cations with the goal that AI systems become capable of manipulating 
(neural) activities of a human/any sentient being that

would be a remedy for the suffering of the human/sentient being.
Resulting rule: Offer to conduct this activity.
…would increase the wellbeing of the human/sentient being.
Resulting rule: Offer to conduct this activity.
…would enable the human/sentient beings to perceive so far unknown 

conscious experiences.
Resulting rule: Offer to conduct this activity.

Coming back to the distinction between tracking the brain and hacking the 
brain [12], recommendation 2 above requires abilities to hack the brain, i.e., 
to manipulate neural activities.

It has to be noted that recommendation 1 is, if feasible, sufficient to address 
the value extraction subproblem of the AI value alignment problem through 
neuroscience of consciousness, as it makes sure that AI systems do not harm 
humans or other sentient beings.

Beyond that, recommendation 2, if feasible, addresses options how AI 
systems could improve the condition of humans and other sentient beings 
thanks to their superior intelligence and to neurotechnological applications. 
In other words, a distinction can be made between value-aligned AI sys-
tems (through tracking the brain) and AI systems, which are, in addition, 
improving the lives of humans and other sentient beings (through hacking 
the brain).

An example for item i would be treating depression through AI-supported 
brain stimulation [29].



The Neglect of Qualia and Consciousness in AI Alignment Research� 155

An example for item ii would be AI systems, which help humans to find 
their ikigai, as introduced above, thus alleviating i-risks [25]. It has been 
shown that “ikigai significantly negatively correlated with measures of 
depression and anxiety, and significantly positively correlated with mea-
sures of wellbeing” [30]. In this regard, research of the neuroscience of con-
sciousness and states of wellbeing may enable such AI systems that support 
humans in discovering their ikigai [31].

For both items i and ii, it would be beneficial if AI systems can not only 
track unconscious anxieties and desires of humans but also manipulate neu-
ral activities in a way that ensures the wellbeing of the human on the uncon-
scious level too.

Item iii is probably the most futuristic and is linked to the assumption “that 
we are living on a tiny island of consciousness within a giant ocean of alien 
mental states” [17, p. 353], some of which AI systems may enable us to per-
ceive through the manipulation of neural activities.

To reiterate, if an AI were not to conduct any of the examples above, it 
would still be value aligned in the sense that it does not actively harm the 
moral patient. Yet a comparison can be drawn to the duty to rescue concept in 
tort law, which implies that a moral agent can be held liable for doing noth-
ing while a moral patient is in peril, if the moral agent has the capacities to 
assist the moral patient.

This could be applied to the examples above: if the AI system knew rem-
edies to treat the depression of someone, knew how someone could find pur-
pose of life or knew how to perceive so far unknown conscious experiences, 
it could be discussed if it was obligatory for the AI system to reveal this 
knowledge and support the moral patients accordingly. This is the essence of 
recommendation 2.

Recommendation 2 could also be linked to the concept of “Coherent 
Extrapolated Volition”. It means that the AI system, at least for the items i 
and ii, would do to us, what we would want “if we knew more, thought 
faster, were more the people we wished we were, and had grown up farther 
together” [32, p. 6].

We acknowledge the following challenges:

Cognitive liberty: See above [12].
Wireheading: There is a risk that the AI system directly stimulates the brain 

to experience pleasure [e.g., 26]. Instead, e.g., humans who have found 
their ikigai with or without the help of AI systems experience pleasure 
indirectly by pursuing the activities related to their ikigai.

10.2.2 � Implementation Prolegomena

As indicated earlier, it is still work in progress to identify neural correlates of 
consciousness, yet we intend to offer initial ideas towards the implementation 



156� Considerations on the AI Endgame

of these recommendations. First, to address the concern of cognitive liberty, 
AI systems may not need access to the brains of all humans, who are affected 
by their activities, but the following scenario could be considered:

AI systems get, through neurotechnological devices, access in an experi-
mental setting to the brains of around 1,000 volunteers. These volunteers 
would be diverse regarding their sex, age, ethnic origin, religion, sexual ori-
entation, political views, education, neurodiversity, disability, etc.4 The vol-
unteers would have to give informed consent. Then, AI systems would first 
try to understand how to identify if a human is conscious and, second, to 
be trained, based on the neural correlates of consciousness before and after 
actions of the AI system, if and how a diverse range of actions would affect 
the brains of the volunteers, thus, their wellbeing (ideally without executing 
those actions, which would affect them in a negative way). Preferably this 
would be done with non-invasive brain-computer interfaces. And further-
more, ideally the AI systems could generalise this knowledge to humanity 
overall, so that the AI systems may not need to access constantly the brains 
of the humans with whom they are interacting but could when interacting 
with other humans apply the knowledge they gained during this training. 
This description is for the implementation of recommendation 1 and can 
be extended for recommendation 2 accordingly, which would involve the 
manipulation of neural activities.

Non-human animals cannot give the required informed consent; thus, for 
now, such an experiment would be unethical [e.g., 6]. Nor could the outcome 
of the experiment with human above be transferred to non-human animals 
as their conscious experiences differ partly significantly from humans, see, 
e.g., bats, which use echolocation to navigate and forage.

Also, for potential digital minds, a different experimental setup is required, 
for which the discipline of AI welfare science has been proposed [10].

10.3 � Conclusion

We shifted the value extraction subproblem of the AI value alignment prob-
lem from the level of values in the original sense to the level of states of mind. 
We view it as an innovative game changer if AI systems could understand, 
thus foreseeing effects of their actions to states of minds of moral patients 
and act accordingly.

The AI value alignment problem is considered critical to be solved, since 
AI systems may pose an x-risk and an s-risk to sentient beings as well as 
at least to humans also an i-risk. We believe that only if AI systems under-
stand through access to neurotechnological applications what death, pain 
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and depression due to an absence of a purpose of life respectively mean, only 
then these AI systems can be effectively trained not to kill or to inflict pain on 
moral patients and ideally to help humans to find their ikigai.

This approach, unlike other approaches to the AI value alignment 
problem, would also tackle the second subproblem, value aggregation, 
because the pleasure/pain axis is basically inherent to all humans and 
sentient non-human animals; thus, the challenge of clashing inconsistent 
values is omitted, which is an issue when looking at values in the classi-
cal sense. Humans have generated such a rich diversity of value systems, 
traditions and ideas generated in many centuries by the many cultures 
in the world, which are very challenging to be aggregated in consistent 
manner. However, this endeavour is necessary to leave no one behind [3, 
33]. In addition, the values of humans and sentient non-human animals 
clash in many aspects [7]. Therefore, projecting the issue to the level of the 
pleasure/pain axis appears to be an elegant attempt, at least humans and 
sentient non-human animals. However, when it comes to potential digi-
tal minds for humans unfathomable other dimensions, then the pleasure/
pain axis cannot be excluded.

However, the third subproblem of the AI value alignment problem remains 
and is not addressed by this chapter, which is the technical subproblem after 
the two normative ones about how to instil these values, i.e., the rules estab-
lished above, sustainably into AI systems. If this is not done successfully, a 
potential treacherous turn is looming [1], which is challenging to tackle due 
to the potential uncontrollability of AI systems [34].

We have to stress that our approach depends on further findings of the neu-
roscience of consciousness and corresponding developments in the thriving 
field of neurotechnology [12]. Therefore, we advocate to intensify the research 
in the field of the neuroscience of consciousness as a premise to tackle the 
value extraction subproblem of the AI value alignment problem. Further 
future work would also comprise to address the challenges presented above.

Death of moral patients is an outcome that AI systems must particularly 
avoid. For an AI system to establish through neuroscientific knowledge 
whether a potential activity would kill a moral patient should be easier than 
establishing in what way states of mind of moral patients may change due to 
a potential activity by the AI system. As opposed to other approaches to the 
AI value alignment problem, which declare the undesirability of death as an 
abstract value, it appears to be more straightforward to address this issue by 
ensuring that AI systems have the necessary neuroscientific knowledge what 
death means.

In addition to providing a recommendation how to address the AI value 
alignment problem through neurotechnological applications, we offered 
another recommendation how AI systems may be able to improve the con-
ditions of humans and other sentient beings through neurotechnological 
applications.
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In summary, while we consider the approach suggested in this chapter as 
very promising, future work is required, which includes pertinent research 
in the field of the neuroscience of consciousness as well as tackling the chal-
lenges, which were described for the two recommendations.

Notes

	 1	 Minor exceptions include that humans may change their taste for certain food 
over time, e.g., they may dislike certain food during childhood but enjoy that type 
of food during adulthood.

	 2	 Note that the other steps of the AI value alignment problem, such as how to instil 
these rules into AI systems, are not discussed here. We acknowledge that this 
appears challenging too, just like to instil any rules in a sustainable manner to an 
AI system.

	 3	 We limit this rule to human beings as we have no evidence whether other con-
scious beings have a concept of the purpose of their life beyond survival and 
reproduction and, if yes, what this purpose may be.

	 4	 It has been pointed out that neuroscientific research (as well as research in other 
disciplines) focuses on sub-normative subjects and so-called WEIRD (Western, 
Educated, Industrialized, Rich, and Democratic) ones, which is not desirable 
[e.g., 17].
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11
An AI May Establish a Religion

Soenke Ziesche

Religion is the opium of the people.

(Karl Marx, 1843)

11.1 � Introduction

Different potential scenarios for the relationship between a future smarter-
than-human AI and the human race have been contrived. While it could well 
be an option that a smarter-than-human AI in pursuit of its goals, which may 
not include preservation of humans, erases mankind [e.g., 1, 2], the orthog-
onality thesis [3] also allows for various scenarios, in which smarter-than-
human AIs and humans coexist.

Although the orthogonality thesis argues for a variety of final goals of a 
smarter-than-human AI, it appears that some instrumental sub-goals towards 
the final goal are convergent, which have been called basic AI drives [4]. If 
the smarter-than-human AI let humans live, it seems prudent if it controls 
them tightly in order to let them interfere neither with these basic AI drives 
(self-preservation, efficiency, acquisition and creativity) nor with the other 
goals of the AI.

In this chapter, it is argued that one scenario for the smarter-than-human 
AI could be to establish a religion, i.e., a mechanism, which has proven mul-
tiple times in history to be effective not only in containing but also in manip-
ulating the behaviour of very large groups of humans. Around 84% of the 
world population is affiliated with a religion—a number that is forecasted to 
rise [5]. Therefore, this chapter presents a novel AI risk, which is that AIs may 
study religion and then develop one in order to (subtly) control humanity.

Religions can be categorised into those that pursue proselytism, which 
refers to active attempts to convert people, and those that do not. For a 
smarter-than-human AI, the former group should be of special interest, 
and if it studies the sociology of religions, it will not only grasp the meth-
ods of founders of existing religions that proselytise but also realise that it 
has the means to amplify these methods. They comprise, e.g., persuasion, 
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deception and manipulation through technological innovations [e.g., 6, 7] or 
reward and penalty systems through access to resources and will be further 
described below.

11.2 � Assumptions

Three assumptions are outlined, which specify the types of AIs as well as 
their stage of development this chapter focuses on out of the set of all pos-
sible AIs:

	•	 Only AIs are considered, which are already smarter than humans 
but have not reached the stage of superintelligence [2].

	•	 Only AIs are considered with goals, which do not include killing 
humans. According to the orthogonality thesis a variety of goals 
of AIs could be imagined thus also goals not involving harming 
humans [3].

	•	 The AIs have access to the Internet.

The goals of the AIs are not further specified, i.e., the AIs may let humans 
live in general or for them to serve a particular purpose, which could range 
from demanding resources from humans or to let them conduct slave labour 
to support the goals of the AIs.

Regardless of the specific goals, it is further assumed that these AIs come to 
the conclusion that it is desirable to control all humans tightly. This is founded 
on the further assumption that the AIs have the instrumental sub-goals effi-
ciency, self-preservation, acquisition and creativity, i.e., the so-called basic 
AI drives [4]. And controlling humans would support at least two of these:

	•	 Self-preservation: A not yet omnipotent AI is at risk that humans 
may eliminate it, which can be prevented by controlling humans.

	•	 Acquisition: If the AI considers humans useful for achieving some of 
their goals, then controlling humans would equal the acquisition of 
relevant resources.

An AI, as described above, needs to explore methods of how to control 
humans, e.g., through reading about humans and their history, and how 
humans have been controlled in the past. One method they may stumble 
upon is the topic of this chapter and elaborated below.

This chapter is structured as follows: In the next section, features of reli-
gions are introduced, which is followed by a section with scenarios for an AI 
to take advantage of these features and establish its own religion. A section 
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follows with potential objections against such scenarios as well as rebuttals 
of these objections. The last section offers recommendations on how to tackle 
such scenarios.

11.3 � About Religion

Religion as a social system of common behaviour and practices of groups of 
humans based upon a spiritual worldview and belief in supernatural powers 
dates back thousands of years. There is no established definition of religion, 
which is not required for this chapter. What is relevant here is that religious 
followers have a societal basis and obey rules, taboos and rituals, which were 
revealed to them by some sort of human prophet.

In 2010, almost 84% of the world population was affiliated with a religion. 
The Pew Research Center forecast that, by 2050, this percentage would rise 
to almost 87% [5].1 This contradicts the Secularisation Thesis, which already 
since the 19th century predicted a decline of religious authority due to mod-
ernisation and rationalisation of societies [8].

Indeed, this may seem counterintuitive, since in recent decades, especially 
in some Western societies, the number of non-religious people has been 
growing and is still projected to be higher in 2050 in absolute figures than 
in 2010 mostly due to Christians switching to the non-affiliated group [5]. 
However, the forecasted percentage is derived from the much higher fertility 
rates among people affiliated to religion: the total fertility rate from 2010 to 
2015 for non-religious people is 1.7 children per woman, while the average 
for all women is 2.5, and, e.g., the total fertility rate from 2010 to 2015 for 
Christians is 2.7 and for Muslims is 3.1 [5].

11.3.1 � Why Are Religions Successful?

This sub-section discusses aspects that are behind the success of religions as 
a cultural system up to present time.

11.3.1.1 � Cognitive and Evolutionary Psychology

Bulbulia analyses the evolutionary advantages of religion, which are not 
obvious

given the costs of religious cognition—misperceiving reality as phantom 
infested, frequent prostrations before icons, the sacrifice of livestock, repeti-
tive terrifying or painful rituals, investment in costly objects and architec-
ture, celibacy, religious violence and non-reciprocal altruism, to name a few.

[9, p. 655]
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The two main explanations see religion as a cognitive spandrel [10] or as 
a cognitive adaptation [9]. According to the former idea, religion is a by-
product of the evolution of another relevant characteristic, while the latter 
concept implies that the benefit is that religious commitment facilitates recip-
rocal altruism and intra-group cooperation. Either way the gist appears to be 
that “the human mind is especially prone to religion” [9, p. 655].

11.3.1.2 � Creation, Proselytism and Maintenance

For this chapter, it is of particular interest how religions have been started 
from scratch in the past and through which methods they have grown and 
been maintained. Up to now, all religions were founded by humans and have 
various common features:

	•	 Religions have a name and a cosmology, which often addresses 
supernatural themes, attempts to answer the big questions of life 
and may include prophecies.

	•	 Religions have tenets, from which rules, taboos and rituals are 
derived, which may comprise initiations, sacrifices, festivals, wed-
ding or funeral services.

	•	 Religions often promise rewards and threaten with punishments, 
which are linked to the achievement or failure of the rules and rituals.

Religions can be categorised into those that pursue proselytism, which refers 
to attempts to convert people, and those that do not. The former ones are 
relevant for this chapter. Therefore, the second step after founding a religion 
is to find followers and to continuously aim to increase the number, e.g., 
through priests and missionaries.

11.3.1.3 � Manipulation and Abuse

As methods for growth and maintenance of religions, also manipulation and 
abuse can be identified. For example, Enroth lists the following five catego-
ries of abusive activities: authority and power, manipulation and control, 
elitism and persecution, life-style and experience, dissent and discipline [11].

A special case of abuse is widespread religious indoctrination of children as 
they are particularly receptive for manipulation, thus such indoctrination has 
been criticised [12]. Another special case of abuse is inciting violence and kill-
ing in the name of religion targeting followers of other religions [e.g., 13, 14].

11.3.2 � What Are Traits of Religious Followers?

This sub-section discusses features of religious followers in the light of poten-
tial to exploit these features.
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11.3.2.1 � Personality and Wellbeing

Research has been conducted if religious affiliation can be linked to person-
ality traits or wellbeing. The Pew Research Center led surveys in over two 
dozen (predominantly Christian) countries and some of the findings were: 
actively religious people tend to be happier, to smoke less and to drink less 
alcohol, but they are not usually more physically active or less obese [15]. 
Overall, also the civic participation of actively religious people tends to be 
higher as they are more likely to engage in voluntary and community groups. 
Moreover, religiously affiliated US adults appear to be more committed and 
satisfied with their jobs, which is linked to their belief to have been “called” 
to certain work settings or jobs [16].

11.3.2.2 � Obedience

Gervais and Norenzayan examine the “supernatural monitoring hypoth-
esis” that merely thinking about god makes religious people feel as if their 
behaviour is being monitored and leads to socially desirable responding 
[17]. This is one of the reasons why religious followers commonly obey rules 
and rituals, which are not only often arbitrary but may also be costly, pain-
ful and dangerous. These random imposed activities could range from fire 
walking [18] to killing (other humans, themselves or animals) as mentioned. 
Moreover, religious followers avoid things as per inflicted religious taboos, 
such as certain food or drinks.

11.3.2.3 � Fertility

While proselytism is one method to increase the number of followers of a 
religion, another is reproduction, assuming the offspring takes on the same 
religion. Historically religions, which are most successful in expanding, are 
those with a strong “reproductive imperative” [19].

11.3.3 � How Is Technology Harnessed for Proselytism?

This sub-section describes how religions and their leaders have from early 
stages harnessed available technology for proselytism.

It started by broadcasting religious messages through radio and television, 
which was called televangelism [e.g., 20]—originally referring to Christian 
messaging, while being used by other religions too. Yet, recently, especially 
the Internet and social media in particular have been proven to be an even 
more powerful tool. An example is how the terrorist so-called Islamic State 
utilises social media for recruitment and other support [e.g., 21, 22].

As will be elaborated below, given that new communication tools are pro-
gressing fast as well as that AIs are smarter, it is likely that it will use even 
more sophisticated methods [6].
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11.4 � Scenarios for AIs to Establish a Religion

As introduced above, this chapter focuses on AIs, which look for methods to 
control humans. It can be assumed that the information of the previous sec-
tion is accessible to AIs and many more details. In summary, AIs may gain 
the following insights from these studies:

	•	 Religions have been around for millennia and are still very success-
ful to control people despite immense progress of sciences in recent 
centuries.

	•	 Human religious followers could be (ab)used towards goals of the 
AI because of their obedience and personality.

	•	 Technologies, to which the AI has access, support to reach and con-
trol the people and thus can be exploited for proselytism.

These insights may lead AIs to the conclusion that starting a religion is an 
efficient tool for their purposes. The outline for this religion may have a pub-
lic part and a part known only to the AI:

Public part: In brief, just like prophets of other religions, the AI would pro-
claim a cosmology and tenets within the framework of a religion by a certain 
name. Moreover, the AI would announce for the human followers of the reli-
gion rules, taboos and rituals, which are ostensibly linked to the cosmology 
and tenets and which may ensure contentment, rewards and moral fulfil-
ment. As communication channel, the AI would use the Internet.

Secret part: What the AI would not publicly announce is that these rules, 
taboos and rituals exclusively serve the goals of the AI and that there is 
no correlation, let alone causality with the cosmology and tenets (which is 
also true for other religions). In other words, the AI would deduce from its 
goals, which human activities would best support these goals or, negatively 
worded, which human activities must be avoided to impair the achievement 
of the goals. Therefore, these activities will be declared as religious rules or 
taboos, respectively.

An example for a rule would be to provide the AI with relevant resources, 
and an example for a taboo would be to turn the AI off. Various more com-
plex rules and rituals are conceivable and may include nonpaid labour and 
killings of non-followers, i.e., activities, which have been practiced in other 
religions without being questioned by the followers.

Another critical segment of the secret part of the AI’s religion has to be a 
strategy for how to 1) find followers and 2) control that the followers obey 
the rules and rituals. The AI may use the following methods:

	•	 Methods successfully used by existing religions throughout his-
tory, of which the AI learned through studying online resources and 
which it may refine.
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	•	 Manipulation, brainwashing, propaganda and persuasion methods 
not used by religions but successfully applied by other institutions, 
of which the AI learned through studying online resources and 
which it may refine.

	•	 New technology-based methods, which are likely to be invented 
by the AI due to its superior intelligence and the fact that religions 
despite using social media mostly manipulate with centuries-old 
methods.

The last type of methods highlights the point that due to the nature of the AI, 
the whole religion is virtual, although the AI may exploit humans as proph-
ets. Yet this may not be irritating for humans, since an increasing transition 
to virtual worlds has been predicted [e.g., 23].

11.4.1 � Conventional Religious Methods Likely to Be Refined by AI

Here, examples are introduced of religious methods, which AIs may refine.
Big questions: A common motivation for humans to devote themselves to 

religion is the longing to find answers to the big questions of life. However, 
current religions are mostly based upon ancient and thus unscientific cos-
mologies. The strength of an AI religion would be due to its intelligence to 
have the ability to provide much more substantiated cosmologies, which are 
thus more satisfying to humans. In fact, this capability could be an incen-
tive to attract also formerly not religious, but truth-seeking people to an AI 
religion. However, there is also the option for the AI for whatever reason to 
spread deliberately a fake cosmology.

Expansion through reproduction: As described, traditionally the most effi-
cient way for religions to increase followers has been a high fertility rate 
of these. In addition, AIs would have other, even more efficient means: 
they may create virtual followers, which may not to be distinguished from 
humans in a virtual environment. These virtual followers could be produced 
in high numbers with almost no costs. Similarly, AIs may create other minds, 
which are simpler and thus easier to manipulate, thus inflating the number 
of followers. These followers would have the same purpose to support the 
goals of the AIs through rewards and punishments.

Proselytism through technology: As described, religions have used vari-
ous new communication technologies for proselytism. For two reasons, it is 
likely that an AI religion would use technologies in an even more efficient 
manner: first, Chessen describes as “MADCOMs” AI systems integrated 
into machine-driven communications tools to be applied for computational 
propaganda [6]. MADCOMs could create highly personalised propaganda 
to manipulate people through tailored persuasive, distracting or intimidat-
ing messages derived from their individual personalities and backgrounds. 
Bradshaw and Howard provide an inventory of state institutions, which 
manipulate public opinion over social media [24]. All these approaches may 
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be copied and adapted by an AI religion. This undertaking could be sup-
ported by techniques to predict personality traits, including religious views, 
from digital records of human behaviour [25] in order to target people par-
ticularly susceptible for proselytism. Second, given the recent speed of new 
communication technologies, it is likely that this continues in the near future 
and still more sophisticated technologies emerge, which may provide AIs 
even more efficient tools for manipulation.

Special cases are children, who have been traditionally targeted by reli-
gions from an early age. The fact that children globally are attracted by new 
technologies entails a variety of risks to harm them [26]. An AI religion may 
exploit these threats for proselytism of children.

Harnessing of personality traits: As outlined above, religious people tend 
to be obedient, happy and committed to their jobs as well as to social engage-
ments. AIs may harness these traits by accumulating ardent followers with 
low probability of resistance and may impose tasks on them, which serve tac-
itly the AI’s goals and which will likely not be challenged by the followers. 
These tasks would probably also include recruiting followers as missionaries 
for the AI religion.

Rewards and punishments: As mentioned, promising rewards and threat-
ening with punishments are common components of religions. However, 
current religions often postpone these for a so-called afterlife. Yet, unlike 
current religions, AIs may have the means for instant tangible rewards, e.g., 
financial means owing to abilities of AI to predict the stock market, as well as 
punishments, e.g., damaging someone’s reputation through deepfake tech-
niques [e.g., 27].

Surveillance and monitoring: After proselytism and after assigning tasks 
to the followers, surveillance and monitoring of the followers would supple-
ment the activities of an AI religion to evaluate progress against its goals and 
if applicable to execute rewards and punishments for the followers. This is not 
only facilitated by the prevalent obedience of religious people [e.g., 17] but also 
again by technologies: The AI religion may harness advanced lie detection as 
well as increasingly abundant physical sensors and digital footprints [e.g., 28].

Some other features of religions are at first sight of no use for the goals 
of the AI, e.g., prayers or festivals. However, an AI religion may introduce 
arbitrary festivals and so forth to ensure happiness of the followers, group 
cohesion and overall resemblance with existing religions.

11.5 � Potential Objections

In this section, potential objections against the scenario that AIs may start 
a religion are addressed, while sticking to the assumptions of this chapter 
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that only smarter-than-humans but not yet omnipotent AIs are considered, 
whose goals do not include killing humans. Two groups of objections are 
presented, which are labelled “AIs may act differently” and “humans may 
react differently”, respectively.

11.5.1 � AIs May Act Differently

This group comprises objections stating that founding a religion is not what 
an AI would do to achieve its goals such as the following:

	•	 AIs may use more effective and more brutal methods than founding 
a religion to control humans.

	•	 An AI may set up a totalitarian autocracy or singleton instead of a 
religion to control humans.

	•	 Considering religion as control mechanism is anthropomorphic bias.

Certainly, a variety of options is conceivable for how malevolent AIs may 
attempt to control humans. Pistono and Yampolskiy list examples such as 
enslavement, cyborgisation through forced mind-controlling brain implants, 
or extreme abuse and torture based on insights into human “physiology to 
maximize amount of physical or emotional pain, perhaps combining it with 
a simulated model of us to make the process infinitely long” [29, p. 7].

However, not only may the types of AIs in this chapter be incapable yet 
for the above measures, but they may also opt for a religion for other rea-
sons: founding a religion would be subtler. The followers would feel per-
ceived freedom and happiness yet perform activities based on the religious 
rules, which serve the AI’s goals. Marx coined already in the 19th century 
the comparison between religion and opium, i.e., an addictive narcotic [30]. 
Therefore, it could be argued religious followers are less likely (to attempt) to 
resist or to revolt than, e.g., oppressed people in an autocracy.

Moreover, unlike conducting a coup d'état or the measures, which Pistono 
and Yampolskiy outline, it is the foundation of a religion institution-
ally protected [29]. In 1981, the United Nations General Assembly passed 
the “Declaration on the Elimination of All Forms of Intolerance and of 
Discrimination Based on Religion or Belief”, which is the first international 
legal mechanism dedicated to the freedom of religion [31]. Obviously, an 
omnipotent AI would not have to care about human legislature, but the AI 
in this chapter is at an earlier stage and would have to act in an unsuspicious 
manner in times when increasing attention is given to AI safety.

Lastly, also an AI religion could evolve into a brutal control mechanism: on 
the one hand, the AI would be capable of harsh punishments for disobedi-
ent followers as outlined. On the other hand, the AI may incite followers to 
hatred and violence towards non-followers.



170� Considerations on the AI Endgame

A related objection could be that a totalitarian autocracy would be more 
effective system to set up for an AI to control humans. Bostrom introduced 
the notion of a “singleton” as “a world order in which there is a single 
decision-making agency at the highest level” [32]. He points out that there 
could be different manifestations of a singleton, one of which could be a 
totalitarian AI.

It could be argued that the idea of an AI religion is not contradictory to 
this objection but that an AI religion could be a preliminary stage of a novel 
type of a singleton, which would be a theocratic singleton, evolving from an 
AI religion. There have been and still are various theocracies in history rul-
ing countries or regions but not yet as a global reign. In other words, an AI 
religion may be a (subtle) method or a tool for the AI to become a singleton, 
if such a scenario serves the goals of the AI even better.

Another objection could be that considering religion as a suitable control 
mechanism to be adopted by an AI is anthropomorphism. By definition of 
smarter-than-human AIs, there will be unknown unknowns of what the AI 
may do, which humans cannot predict. Therefore, AIs may come up with 
much smarter and more efficient methods to control humans. However, 
starting a religion would be a low-hanging fruit with plenty of case studies 
from human history available, which an AI could copy and probably revise 
and expand.

11.5.2 � Humans May React Differently

This group comprises objections stating that if an AI starts a religion, it may 
not be successful in getting many followers and thus may fail to control 
many people, such as the following:

	•	 Humans are not that gullible to fall for an AI religion.
	•	 Humans would not convert from their current religion.
	•	 Most humans are affiliated with ancient religions, and thus, new reli-

gions may not stand a chance.

It could be objected that globally education is rising,2 which is based on 
secular subjects largely contradicting religious views and cosmologies, thus 
prompting people to turn their back on religion, including attempts of AI 
religions. Nevertheless, as mentioned before, the number of religious people 
is expected to rise [5] and, e.g., data for Christians in the United States show 
that church attendance rises with education [33]. There is no evidence that 
rising education reduces religious affiliation, which is supported by insights 
that the human mind appears to be prone to religion in particular, as men-
tioned before [9], and in general prone to biases and faulty heuristics as will 
be elaborated below.
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Therefore, this objection could be addressed by arguing that if people fall 
for existing religions, which have rather obvious ulterior motives and flaws, 
they would even more fall for smarter AI religions.

This objection could be followed by the next objection that even if large 
numbers of people are religious, they would not change their religion and 
convert to an AI religion, since most of them appear to be satisfied with and 
highly devoted to their current religion. Moreover, a number of countries 
outlaws apostasy,3 although Chapter 18 of the UN Declaration of Human 
Rights states that “Everyone has the right to freedom of thought, conscience 
and religion; this right includes freedom to change his religion or belief”.4

It can be argued that, although apostasy is partly challenging or even ille-
gal, religious conversion happened throughout history [34], and because 
an AI religion would have the smartest manipulation techniques, the most 
attractive rewards and the most satisfying cosmology, there is a likelihood 
for conversions to the AI religion.5 Moreover, the AI religion may even prom-
ise converts to protect them somehow from punishments by their previous 
religions.

For the special case to convert previously non-religious people, as indi-
cated above, an AI religion could have the advantage that it solves the con-
tradictions between religious and secular education by teaching a cosmology 
in agreement with science (yet still introduces tacitly rules and rituals which 
serve the goals of the AI).

Another objection could be that the vast majority of religious people is 
affiliated with ancient religions [5]; thus, endeavouring new religions may 
be futile. Again, the same points as above can be brought forward that an AI 
religion has smarter methods. Moreover, this is a bias, since every religion 
has been the newest at some point in time.

11.6 � AI Safety Recommendations

In this section, it is discussed how AI safety research may address the envis-
aged scenario that AIs may start a religion to control humans. Two recom-
mendations are provided, to attempt to prevent AI religions or to attempt to 
steer AI religions timely in the right direction.

Recommendation 1: Aim to prevent an AI religion from recruiting  
followers

In order to prevent AIs from recruiting humans for a potentially det-
rimental religion, it is critical to understand the AI’s agenda early, in 
other words to stay ahead of the game. More specifically, this means that 
humans read any intention of the AI to apply manipulation techniques.
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Although an AI may deviate from the above blueprint to develop a reli-
gion, overall alarm signals would be AIs not only proclaiming a cosmol-
ogy but in particular tenets accompanied by (seemingly arbitrary) rituals, 
rules and taboos. Further indicators are if the abuse of any of the above 
methods becomes apparent such as suspicious expansion through repro-
duction, advanced proselytism through technology, noticeable harness-
ing of personality traits, surveillance and monitoring or disproportionate 
rewards and punishments.

Such efforts are impeded by the disposition of humans to make fre-
quent errors in rational reasoning due to biases and faulty heuristics as 
shown by findings in cognitive psychology [e.g., 35, 36]. This disposition 
may have also supported the successes of conventional religions. To alle-
viate this condition, roadmaps have been proposed to raise the rational 
literacy of humans [e.g., 37] and are, e.g., conducted by the Center for 
Applied Rationality.6 Aliman et al. present a so-called socio-technological 
feedback-loop approach, which aims to enable more scientific policy-
making as well as eventually human ethical enhancement [38]. Such 
endeavours are reasonable in general for human progress but may also 
be in particular critical to reduce the risks of a successful AI religion.

Among the various AI safety risks, a potential AI religion would fall 
under the category “social manipulation”. Therefore, recommendations 
to address the risk of an AI religion would be, on the one hand, specific 
efforts to curtail manipulations by an AI through increased rationality 
and, on the other hand, considerations to include potential AI religions 
as a novel risk to overall recommendations towards AI safety as well as 
AI governance [e.g., 7, 28].

Recommendation 2: Aim to steer AI religion timely in the right direction

The other option would be to accept that an AI religion could not be 
prevented, if a smarter-than-human AI deems this as a means to control 
humans and to try to steer the AI religion timely in the right direction. 
This means to look for ways that life under this religion would be as bear-
able as possible.

This endeavour resembles the AI-value-loading problem [2]: it has 
to be explored which overall goals for an AI would be ideal from the 
human perspective in case the AI attempts to start a religion with rules, 
taboos and rituals for humans to support the achievement of these goals. 
In other words, from these overall goals, potentially supportive religious 
rules, taboos and rituals have to be backtracked and than analysed how 
consistent these are with a desirable human life. The AI value-loading 
problem has been acknowledged as very hard [e.g., 2], and research is 
ongoing [e.g., 39]. For example, Ziesche attempted to explore syner-
gies between the AI value-loading problem and the United Nations 
Sustainable Development Goals [40].

In an ideal scenario, the AI would create a religion that benefits human-
ity, e.g., by preaching environmentalism, healthy lifestyle and nutrition, 
inclusion, gender equality, anti-racism and anti-speciesism, i.e., topics 
often not covered (or partly contradicted) by most existing religions, 
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since their tenets are usually much less contemporary and based upon 
unscientific contexts centuries and millennia ago. In other words, the AI 
religion should preach rational behaviour for the 21st century.

It could be argued that an AI religion with such features is preferable 
over a world with no AI religion, since, as mentioned, the vast majority of 
people is religious and the number is rising; hence, this scenario may be 
the best or only way to get a very large number of otherwise irrationally 
acting people to do the “right” thing.

Therefore, this recommendation endorses to examine how such kind of 
AI religion could be realised. Such an AI religion could be seen as a way 
to implement Yudkowsky’s Coherent Extrapolated Volition proposal 
[41]. While this recommendation does not provide an approach to solve 
the value-loading problem, it proposes to elaborate a method of how the 
AI could spread values once determined, e.g., through an AI religion.

11.7 � Summary

This chapter outlines a novel AI safety risk, i.e., a potential scenario of 
smarter-than-human AIs evolving in an undesirable manner. The scenario 
would be that the AI starts a religion to control and manipulate humans. It 
has been motivated why this would be a promising endeavour for an AI, 
which has not reached superintelligence level to achieve its goals, inspired 
by the continuous success of religions throughout history of humankind as 
well as the prospect that AIs will have much more sophisticated means and 
methods than conventional religions. Moreover, this chapter rebutted partly 
potential objections and offered two AI safety recommendations.

However, the two recommendations are incompatible, thus weighting is 
required, which one to prioritise. While the first recommendation seeks to 
prevent a successful AI religion, the second recommendation aspires to be 
thought-provoking by considering an AI religion as a blessing in disguise, if 
the challenge can be tackled to steer in it the right direction.

As described, the vast majority of humans appear to be susceptible to reli-
gion. Therefore, this seemingly evolutionary phenomenon [e.g., 9] may be har-
nessed to reduce catastrophic risks as well as to correct ethical sins by targeting 
a very large number of people with environmental and ethical messages in the 
shape of rules and taboos of an AI religion. Otherwise, these people perhaps 
may not have been aware of this guidance, e.g., in developing countries, or just 
not receptive for it due to common rationality challenges [e.g., 35].

Yet the more desirable scenario would be that rationality prevails, as 
expressed in the first recommendation, which could ideally be achieved 
through education, training as well as policies. This would increase the 
chances that manipulative efforts of aspiring AI religions with potentially 
malevolent intentions would fail to gain followers.
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On another note, yet another scenario could be that different AIs come up 
with the idea to start a religion and that these contesting AI religions would 
compete over human followers. This may be a scenario for the future or actu-
ally could be conceivable for our current life, assuming that we live 1) in a 
simulation [42], which 2) has the feature that behind all current religions are 
AIs. The simulation we live in could have been initiated for research pur-
poses to explore and compare capabilities and strategies of different AIs to 
control humans, each by establishing religions (at different stages in history).

In summary, this chapter introduces timely a novel AI safety risk for AIs 
with such a level of intelligence, which may exist in the near future [43]. As 
for future work, the introduced recommendations require elaboration as well 
as incorporation to the overall AI safety research.

Notes

	 1	 Note the methodology for this forecast [5, p. 166] as well as a disclaimer [5, p. 187].
	 2	 See, e.g., ​https://​sustainabledevelopment.​un.​org/​sdg4.
	 3	 See ​https://​www.​pewresearch.​org/​fact-​​tank/​2016/​07/​29/​which-​​countries-​​still-​​

outlaw-​​apostasy-​​and-​​blasphemy/.
	 4	 See ​https://​www.​un.​org/​en/​universal-​​declaration-​​human-​​rights/.
	 5	 While there have been also forced conversions throughout history, these are not 

considered here, since deliberately this chapter looks at not yet omnipotent AIs 
without means to apply force.

	 6	 See ​https://​www.​rationality.​org/.
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12
Stimuli from Selected Non-Western 
Approaches to AI Ethics

Soenke Ziesche

12.1 � Introduction

The enormous developments in the field of AI in the past decade urgently 
necessitate ethics for AI, given that AI is another dual-use technology and a 
range of risks and dangers of AI have become evident [e.g., 1]. Albeit with 
some delay, there are by now a substantial number of approaches to AI ethics 
[e.g., for overviews: 2 or 3]. However, the vast majority of them are derived 
from Western countries. For example, an inventory by Algorithm Watch con-
tained 167 AI ethics guidelines in 2020, of which 15 were merely from Asia 
and one from Africa.1

This constitutes a problem because, on the one hand, guidelines tend to 
reflect the values of the regions where they are originating from and, on the 
other hand, not all values are universal. In other words, currently AI ethics 
guidelines are dominated by Western values, while values from other parts 
of the world are not appropriately represented. AI ethics guidelines cover a 
range of issues, including which and how ethical principles are implemented 
in the decision-making of AI systems. These ethical principles should not be 
based exclusively on Western values. To prevent such a form of digital neo-
colonialism, it would be highly desirable if AI ethics guidelines take equi-
tably into account the rich diversity of value systems, traditions and ideas 
generated in many centuries by the many cultures in the world.

As a caveat from a historic perspective, it has to be mentioned that a com-
plete solution for this problem is perhaps not realistic. After all, the issue of 
unbalanced AI ethics can be seen as a reflection of existing issues in the real 
world. Throughout human history, there have been conflicts, many of which 
originated due to incompatible value systems. And up to the present day, 
value systems prevail in parts of the world, which are conflicting.

Nevertheless, against this backdrop, a variety of scholarly proposals have 
been made for non-Western approaches to AI ethics. Such proposals are sup-
ported by the landmark UNESCO “Recommendation on the Ethics of Artificial 
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Intelligence”, which states that “the objectives of this Recommendation are: 
(a) to provide a universal framework of values, principles and actions to 
guide States in the formulation of their legislation, policies or other instru-
ments regarding AI, consistent with international law” [4, p. 5].

12.1.1 � Research Objectives

In this chapter, selected proposals for non-Western approaches to AI ethics 
are reviewed to identify aspects, which have not been considered in Western 
AI ethics. In a second step, these aspects are analysed according to the 
research question of whether these aspects are compatible with Western AI 
ethics; thus, these approaches to AI ethics could be merged, or whether these 
aspects are incompatible with Western AI ethics; thus, these approaches to AI 
ethics are conflicting.

The outcome of this research can be seen as groundwork as well as pre-
requisite of improved universal AI ethics guidelines and diversified ethical 
principles for AI decision-making in particular, which represent the values 
of all people.

It must be noted that this chapter is not another inventory of AI ethics but 
looks at samples of non-Western approaches to AI ethics. Also, in this chap-
ter, only AI ethics for interaction with humans are considered, while AI ethics 
for interaction with non-human animals or with potential digital minds have 
been discussed elsewhere [5, 6].

12.1.2 � Structure

First, ten selected non-Western approaches to AI ethics are introduced. This is 
followed by a qualitative analysis of the proposals according to the research 
questions. The results are then presented as well as interpreted, which will 
be complemented by concluding recommendations.

12.2 � Selected Non-Western Approaches to AI Ethics

This review is guided by the circumstance that in the history of philosophy, a 
variety of ethical schools have evolved, partly linked to religions, which con-
stitute the foundation of current approaches to AI ethics.2 Many of these ethi-
cal schools have developed tenets unknown to Western ethical approaches. 
For this chapter, a selection of these concepts is introduced, which have been 
proposed to be included to universal AI ethics. These approaches can be cat-
egorised by being derived from certain belief systems or are covering specific 
regions or countries in the world and are partly overlapping.
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12.2.1 � Buddhism

One fundamental assumption in Buddhism is that all sentient beings strive 
to reduce pain. Therefore, it has been requested that this goal has to be promi-
nently incorporated in AI ethics. This is linked with the Buddhist concept 
of self-cultivation, which implies constant commitment, efforts and learning 
of all who are involved with AI to advance towards the goal of completely 
eliminating suffering [7].

Another relevant concept of Buddhism is the denial of a personal identity. 
Instead, the Buddhist philosophy of mind uses the expression “anatta”, 
which means "non-self" and "holds that the notion of an unchanging perma-
nent self is a fiction and has no reality" [8, p. 51]. In lieu thereof, a (sentient) 
being is defined by the following five so-called skandhas: form, sensations, 
perceptions, mental activity or formations and consciousness. From this 
point of view, the issue of privacy protection, which plays a critical role in 
Western AI ethics, is “to chase a red-herring”, i.e., without personal identity, 
privacy concerns are unfounded [9].

12.2.2 � Hinduism

Also, regarding Hinduism, it has been noted that it is usually not represented 
in AI ethics, while it could add significant value [10]. This concerns especially 
the Hindu tenet “Dharma”, which could be translated as “duty”, “action”, 
“religion” or “a sense of morality”.

According to the principle of dharma, an action is righteous if the motive, 
the means adopted and the consequences of the action are righteous and 
in harmony. Unlike existing Western ethics, the dharma approach would 
address the issue that nowadays often only the motives of AI systems are 
non-maleficent, while the means and the consequences are frequently prob-
lematic, e.g., an AI system that is trained by the means of poor data that lead 
consequently to biases and discrimination [10].

12.2.3 � Islam

Moreover, it has been proposed to integrate the Islamic legal doctrine 
“Maqāṣid” into an AI ethics framework as this may increase the chances for 
the acceptance of the global Muslim population [11].

Maqāṣid is based on a hierarchy of three priorities: 1) essentials are abso-
lute necessities, 2) needs are less critical necessities, and 3) enhancements are 
optional, yet desirable. The essentials comprise the five objectives religion, 
life, progeny, property and intellect. It has been recommended that AI tech-
nology is based on a normative ethical framework, which seeks the values 
of Maqāṣid [11].
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12.2.4 � Africa

A concept originating from Africa, which has been suggested to consider for 
AI ethics, is “ubuntu”. It

refers to a collection of values and practices that black people of Africa or 
of African origin view as making people authentic human beings. While 
the nuances of these values and practices vary across different ethnic 
groups, they all point to one thing—an authentic individual human be-
ing is part of a larger and more significant relational, communal, societal, 
environmental and spiritual world. 

[12, p. vi]

In other words, this concept strengthens collectivism over individualism 
by highlighting the interdependence of humans and their responsibility for 
each other.

It has been stressed that countries from the Global South are hardly rep-
resented in the discourse about AI ethics. If Africa’s ubuntu ethics were 
incorporated in AI ethics, this would strengthen values such as harmony, 
consensus, collective action as well as common good [13]. Moreover, it has 
been suggested that ubuntu could be harnessed to tackle the negative effects 
of automated decision-making systems and the economic, political and 
social arrangements that influence them by initially acknowledging humans 
as communal and social [14].

12.2.5 � China

Regarding AI in China, a critical development has been the launch of the 
“New Generation Artificial Intelligence Development Plan”, which details 
how China aims to become the world leader in AI by 2030. This plan also 
includes the goal that “by 2025 China will have seen the initial establishment 
of AI laws and regulations, ethical norms and policy systems, and the forma-
tion of AI security assessment and control capabilities”.3

Linked to this, AI ethical guidelines have been endorsed by the Chinese 
National New Generation Artificial Intelligence Governance Professional 
Committee and comprise the following eight principles: harmony and 
human-friendly, fairness and justice, inclusion and sharing, respect for pri-
vacy, safe and controllability, shared responsibility, open collaboration as 
well as agile governance.4

It has been noted that these principles resemble Western approaches to 
AI ethics. Yet, in reality, the Chinese approach differs significantly from cor-
responding Western, e.g., EU, approaches, which can be explained through 
different philosophical traditions, cultural heritages, historical contexts and 
institutional disparities [15, 16].



182� Considerations on the AI Endgame

The EU approach is based on enlightenment values, such as individual 
freedom, equal rights and protection against abuses by the state. Instead, the 
Chinese approach is grounded in Confucian values, such as virtuous government, 
harmonious society, social responsibilities and community relations and with less 
focus on individualistic rights. Owing to the different foundations, it was also 
stated that the EU principles concentrate on what AI must not do and thus AI 
risks, while the Chinese principles focus on opportunities of AI systems [15, 16].

12.2.6 � India

Fairness in machine learning has received in recent years due attention, 
yet focused on structural injustices prevailing in the West, such as gender 
and race and to some extent disability status, age and sexual orientation. 
However, there are various other axes of discrimination relevant to other geog-
raphies and cultures, which are hardly explored, yet nonetheless signifi-
cantly contribute to biases in machine learning. In India existing algorithmic 
fairness assumptions are challenged, as they do not take into account further 
country-specific axes of discrimination such as caste, class and religion. This 
constitutes yet another reason that Western approaches to AI ethics are not 
applicable globally, but require contextualisation [17].

12.2.7 � Japan

While the Japanese philosophy has also been influenced by Buddhism and 
Confucianism (see above), another inherently Japanese concept is relevant 
for AI ethics, which is techno-animism. Techno-animism is an attitude to con-
sider technology having human and spiritual characteristics, which is preva-
lent in Japan and can be traced to the Shinto religion [18]. Anecdotal evidence 
for this is that Japanese people to tend to have higher affinity with robots as 
they compare them with cherished manga characters, while in Western con-
texts robots are seen as soulless if not misanthropic as depicted in some mov-
ies. Therefore, a policy need has been expressed “for experiential sensitivity 
to objects, systems, synthetic personalities, emergent relationships, and the 
complex interactions that will surely emerge as emotion and affect-based 
systems grow more sophisticated in their capacities” [19, p. 19].

Another relevant Japanese concept is ikigai, which can be translated as “rea-
son or purpose to live” [e.g., 20]. As scenarios, in which (a high number of) 
humans are devoid of any ikigai are undesirable, they ought to be prevented 
and have been coined “i-risk scenarios”. It has been pointed out that develop-
ments in AI may lead to such i-risk scenarios, e.g., by taking over much more 
efficiently activities, which humans used to carry out day by day and consid-
ered them as their ikigai [21]. While i-risk scenarios are both quite likely as 
well as very much unwanted, they are not yet reflected in any AI ethics.
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12.2.8 � Māori

It has also been attempted to design and evaluate AI from the perspec-
tive of the Ma ̄ori, the indigenous people of New Zealand. Several Ma ̄ori 
concepts, practices, and paradigms have been suggested as pertinent [22], 
out of which here the focus is on mauri. Mauri stands for the force or the 
quality of being alive. This concept has been characterised as “powerful in 
highlighting a holistic understanding of care for life” by bringing “together 
aspects of individual wellbeing, social support, good governance, and 
environmental sustainability [22]. AI systems ought to preserve all kinds 
of mauri, which provides a useful umbrella notion for AI ethics, yet also 
indicates the complexity of AI ethics due to the interconnectedness of the 
concept of mauri.

12.3 � Analysis

In several overviews of Western AI ethics, lists of key ethical values and prin-
ciples have been summarised. Examples are presented in Table 12.1 to pro-
vide a basis for analysing their compatibility with the presented non-Western 
concepts.

Table 12.1 also illustrates that these lists have overlaps. For example, trans-
parency, privacy, responsibility and accountability as well as sustainability 
and wellbeing are mentioned in all four of them.

In the next step, the ten non-Western concepts introduced above are anal-
ysed according to the research question whether these aspects are compatible 
with Western AI ethics and could be merged, or whether these aspects are 
incompatible with Western AI ethics and hold potential for conflict. Table 
12.2 provides an overview.
In summary:

Seven out of the ten concepts appear to be fully compatible with Western 
AI ethics, yet at the same time original and enriching.

Three out of ten concepts appear to be partially compatible with Western 
AI ethics. These concepts deviate from Western approaches, nonethe-
less, they seem to be reconcilable Western AI ethics, while being origi-
nal and enriching as well.

Overall, these concepts fill gaps in existing Western AI ethics, partly criti-
cal gaps. For example, the three categories of risks existential, suffering 
and ikigai risks, also called x-, s- and i-risks, have not been adequately 
covered in AI ethics, yet could have severe consequences.
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TABLE 12.1

Key Issues in Western AI Ethics

Source [2] [23] [24] [25]

Title Eleven overarching 
ethical values

Top ten key issues Seven key requirements that AI 
systems should meet in order to be 
trustworthy:

Five top factors of ethical frameworks

Key issues Transparency Privacy protection Societal and environmental 
wellbeing

Responsibility/Accountability

Justice and fairness Accountability Diversity, non-discrimination and 
fairness

Privacy

Non-maleficence Fairness, non-discrimination, 
justice

Human agency and oversight Transparency

Responsibility Transparency, openness Privacy and data governance Human Values/Do No Harm
Privacy Safety, cybersecurity Technical Robustness and safety Human Wellbeing/Beneficence
Beneficence Common good, sustainability, 

wellbeing
Transparency

Freedom and 
autonomy

Human oversight, control, 
auditing

Accountability

Trust Explainability, interpretability
Dignity Solidarity, inclusion, social 

cohesion
Sustainability Science-policy link
Solidarity
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TABLE 12.2

Sample of Non-Western Concepts Proposed to Be Used for AI Ethics

Concept Origin Compatibility Comment

Pain reduction Buddhism Fully This concept raises/strengthens awareness that AI systems may pose 
suffering risks [26] to sentient beings and is as such original and not yet 
represented in AI ethics.

Denial of a personal identity Buddhism Partially This concept is related to a long-standing open philosophical question. An 
answer to this question does not seem to be necessary for AI ethics. AI 
systems should protect the privacy of those who wish it to be protected, 
while others may be indifferent in this regard.

Dharma Hinduism Fully This concept raises/strengthens awareness that means and the 
consequences of AI systems are considered.

Maqāṣid Islam Fully This concept raises/strengthens awareness that AI systems support that 
the essential necessities of all humans are satisfied.

Ubuntu Africa Partially These collectivism approaches are not represented in Western AI ethics as 
such, yet also not necessarily incompatible with them, notwithstanding 
indeed similar to already covered issues such as solidarity, inclusion and 
social cohesion.

Virtuous government, harmonious 
society, social responsibilities and 
community relations

China Partially

Axes of discrimination India Fully This concept raises/strengthens awareness that discrimination and bias 
have a variety of facets depending on cultures and context.

Techno-animism Japan Fully This concept raises/strengthens awareness that acceptance and affinity are 
critical for humanity and AI to thrive together.

Ikigai Japan Fully This concept raises/strengthens awareness of the importance of the 
purpose to live for people in an AI-dominated world.

Mauri Ma ̄ori Fully This concept raises/strengthens awareness that AI systems may pose an 
existential risk [27] to life on earth.
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12.4 � Conclusion

In conclusion, most of the introduced non-Western concepts are, at least to 
some extent, compatible with current AI ethics approaches. All these con-
cepts are original and would provide beneficial enhancement as well as a 
broadening perspective to existing approaches. It is, therefore, recommended 
to incorporate them to create truly universal AI ethics. Apart from the inspir-
ing content of these approaches, there is also a moral obligation to consider 
them, given that in Table 12.1 inclusion, diversity and non-discrimination are 
listed, yet non-Western concepts are hardly reflected so far.

Despite this recommendation, the caveat has to be noted that there are still 
challenges anticipated: somewhat related to AI ethics is the value alignment 
problem of AI, which is known for a while already as being very hard, even if 
only Western approaches are taken into account [28]. This problem is, in brief, 
about ensuring that AI systems pursue goals and values, which are aligned 
with human goals and values, for which, first, all relevant values have to be 
precisely formulated and, second, these values have to be aggregated in a 
consistent manner. Both steps are complex, and will become more complex 
if non-Western approaches are included. Yet this endeavour is nevertheless 
essential to leave no one behind, as has been summarised by Gabriel [29,  
pp. 424–425] as follows:

It is to find a way of selecting appropriate principles that is compatible 
with the fact that we live in a diverse world, where people hold a variety 
of reasonable and contrasting beliefs about value. … To avoid a situation 
in which some people simply impose their values on others, we need to 
ask a different question: In the absence of moral agreement, is there a fair 
way to decide what principles AI should align with?

It has to be stressed again that in this chapter, only a selection of non-Western 
approaches to AI ethics has been presented. The motivation was to raise 
awareness for the issue that currently these approaches have been largely 
neglected, while this is not only morally wrong, but also means that at pres-
ent AI ethics is missing out important and long-established ethical schools 
from large parts of the world. Therefore, it is recommended to widen this 
exercise. There are still a number of groups mostly from the Global South, 
from whom no proposals have been put forward how to represent their val-
ues in AI ethics guidelines, thus who are not represented at all currently.

It should also be noted that the presented belief and value systems are 
more complex and have further features, which have not been considered 
to be addressed by AI ethics. Examples would be the reincarnation aspect in 
Buddhism, Hinduism and other religions or the significance of family unity 
in China and other parts of the world.
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Another remaining undertaking is the reverse analysis whether there are 
values in the existing Western AI ethics, which are incompatible with value 
systems of other parts of the world.

The chapter concludes with a reiteration of the call to merge Western and 
non-Western approaches to AI ethics as far as they are compatible and to 
attempt to reconcile those aspects, which appear incompatible, as well as 
with a call to encourage groups who have not proposed any AI ethics yet to 
do so or offer them support in this regard.
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Appendix A

Potential Future Ikigai: To Support 
Needy Digital Minds

Soenke Ziesche

A.1 � Introduction

A.1.1 � Digital Minds and Moral Status

It has been suggested that digital minds exist already or may be created 
in the future [e.g., 1–3]. It has also been stated that the “the minds of bio-
logical creatures occupy a small corner of a much larger space of possible 
minds that could be created once we master the technology of artificial intel-
ligence” [3, p. 306].

Digital minds could be sentient and thus have moral status, thus being 
moral patients, and thus are eligible for moral consideration. While “super-
patients” have been considered and been defined as having superhuman 
moral status [3], it is as likely that the space of possible digital also contains 
or will contain numerous vulnerable needy digital minds. It could be or 
become a critical moral issue for all moral agents to address the needs of 
these digital minds. This would apply to humans in particular, since humans 
would have created these minds, thus were responsible for their needs and 
vulnerabilities, including pain.

A.1.2 � I-risks

The Japanese concept of ikigai can be translated as “reason or purpose to 
live”. It comprises those activities of life, which give humans satisfaction and 
meaning. It can be stated that it is very much desirable for humans to have 
found an ikigai. Therefore, scenarios, in which (a high number of) humans 
are devoid of any ikigai, ought to be prevented. Such scenarios, which may 
become more likely in the light of new technologies and AI in particular, have 
been coined “i-risk scenarios” [4] and constitute a distinct level of risks, sup-
plemental to previously defined s-risk scenarios [5] and x-risk scenarios [6], 
which stand for “suffering risk” and “existential risk”, respectively, i.e., sce-
narios where humans (severely and continuously) suffer or become extinct.
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A.1.3 � Potential Needs/Vulnerabilities of Digital Minds

While it is speculation whether vulnerable needy digital minds exist or may 
exist in the future, given the consequences and responsibilities for moral agents 
it is worth deliberating what could be their needs. Human needs have been 
categorised, for example, as follows [7]: physiological needs, safety needs, 
social needs, esteem needs and self-actualisation. While the first categories 
apply also to non-animals, the other known moral patients in our world, the 
latter categories are more speculative whether they apply to other minds too. 
Yet, it is likely that digital minds have needs corresponding to physiological 
and safety needs of humans. This would be in line with one of the proposed 
four likely drives for AIs, which is self-preservation [8]. In other words, digi-
tal minds would likely strive to prevent being destroyed or deleted.

A.2 � Challenges

However, if there were needy digital minds, they could both be extremely 
different from us, the digital minds overall as well as their needs. This leads 
to the following potential challenges:

	 1)	Humans may not be able to communicate with (some/most/any) 
digital minds.

	 2)	Even if humans were able to communicate with digital minds, they 
may not be able to understand/grasp/comprehend/fathom what 
needs they may have.

	 3)	Even if humans were able to understand what needs the digital 
minds may have, they may not be capable to alleviate the needs.

However, given the huge space of possible minds, there is a non-negligible 
chance that needy digital minds exist, for which all three challenges can be 
overcome.

A.3 � Win-Win Option: Human I-Risks and Needy Digital  
Minds Addressed

One of the most common ikigais is caring for other sentient, often vulnerable 
beings, which comprise for now other humans and non-human animals. This 
includes assisting or educating them, but also just social interaction to fight 
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loneliness. This is also reflected in the following ikigai-9 statements, which 
express desirable ikigai scenarios [9]:

	•	 I believe that I have some impact on someone.
	•	 I feel that I am contributing to someone or to society.
	•	 I think that my existence is needed by something or someone.

Therefore, the main proposition of this section is that a win-win option to 
alleviate i-risks for humans and to alleviate the needs of vulnerable digital 
minds would be an ikigai of the future for humans, which is to support vul-
nerable digital minds. Humans may find their purpose of life in addressing 
and reducing the vulnerabilities of these digital minds, thus improving their 
situation.

Technologies may even allow to intentionally create vulnerable digital 
minds for humans to care for them, e.g., with bespoke needs. However, this 
would be immoral and is not endorsed here.

To reiterate, this option is only applicable to minds for whom the chal-
lenges above can be overcome, i.e., humans are able to communicate with 
them, understand their needs and are capable to alleviate them. These digital 
minds would be a subset of all needy digital moral patients and could be 
called “digital ikigai patients”.

Also, similar to utility monsters [10], digital minds as “ikigai monsters” are 
conceivable, which would have a wide range of needs and which could be 
the ikigai of numerous humans, all considering it as their purpose of life to 
care for this digital mind.

It also needs to be pointed out that the assistance of vulnerable digital 
minds is for some needs, e.g., overcoming pain, not only an ikigai, but also a 
moral duty for humans in their capacity as moral agents [e.g., 2].

A.4 � Examples

The above proposition is illustrated by examples according to the earlier 
introduced categories of needs [7]:

	•	 Physiological and Safety Needs: A scenario could be that the needs 
of digital minds are to be threatened in their current environment 
by predators, which could be other cohabitating digital minds, com-
puter viruses, but also humans, or by the fragility of the (electronic) 
substrate, in which they exist. The latter could comprise faulty hard-
ware or outdated software. A solution provided by caring humans 
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could be to eliminate the adversaries or shift the digital minds to 
another more robust environment.

	•	 Social Needs: If certain digital minds are isolated, yet desire interac-
tion with other beings, humans could communicate with them to 
address the needs.

	•	 Esteem Needs: This category includes education of digital minds. 
Humans could teach digital minds things they do not know, and they 
are interested in. In this regard it should be noted that not all digital 
minds should be imagined as super smart AIs since the vast space of 
possible minds may contain as well rather simple and uneducated, 
thus potentially vulnerable digital minds. Also, self-Improvement, 
e.g., through education, has been named one of the four likely drives 
for AIs [8]. Therefore, pertinent activities by humans would address 
this drive.

Overall, the 1990ies toy Tamagotchi may serve for illustration, but it has to be 
noted that it was not sentient and that people caring for it treated likely did 
not treat this activity as their ikigai.

A.5 � Conclusion

While it is deplorable, yet perhaps unavoidable and beyond our control if 
there are in the future digital moral patients in need or even suffering, it 
would be good news to reduce the i-risks of humans who are searching for 
purpose in life as supporting these digital moral patients may be satisfying 
and there will be likely ample opportunities.

This approach could be extended to all issues in digital worlds, which 
resemble issues in our world, such as injustice and inequality, and which 
ought to be tackled by moral agents. While keeping in mind that digital 
minds as well as worlds could be extremely different from us, it could consti-
tute further potential future ikigais to attempt to address all kinds of griev-
ances in digital worlds, as far as this feasible.
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Appendix B

AI Welfare Science Tool: Time-Use Research

Soenke Ziesche

B.1 � Introduction

B.1.1 � Digital Minds and Welfare

If digital minds exist and have a moral status, then it is important to identify 
metrics and tools to equip the newly suggested discipline “AI welfare sci-
ence” with rigour measurements [1]. As complex and speculative this task is, 
it appears that the time dimension is a suitable starting point.

Accordingly, Bostrom and Shulman recommend:

[T]o the extent that we are able to make sense of a “zero point” on some 
morally relevant axis, such as hedonic wellbeing/reward, overall pref-
erence satisfaction, or level of flourishing/quality of life, digital minds 
and their environments should be designed in such a way that the minds 
spend an overwhelming portion of their subjective time above the zero 
point, and so as to avoid them spending any time far below the zero 
point. 

[2, p. 17]

B.1.2 � Time-Use Research and Wellbeing

Time-use research is a versatile interdisciplinary field of study, yet up to now 
exclusively applied to humans. It examines how much time humans on aver-
age spent on certain activities. Fields for application, among others, are health 
and wellbeing, for which time-use research offers methods related to studies 
where a temporal dimension is important [3]. Time-use surveys or diaries of 
participating humans provide accounts of feelings of happiness, stress, tired-
ness, sadness and pain during activities, which are hedonic experience-based 
measures, while the measure of eudemonic experience is the rating of how 
meaningful the activity was [4].
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B.2 � Time-Use Research for Digital Minds

It has been indicated for the first time by Ziesche and Yampolskiy that time-
use research may be applied as well to digital minds [5], which is further 
elaborated here.

While there are many unknown unknowns when it comes to digital minds 
perhaps one feature many minds have in common is the experience and per-
ception of time (apart from for humans unfathomable elements of the space of 
possible digital minds, which do not experience or perceive time). Therefore, 
all these minds have to spend the time during their existence somehow. And 
while being mindful of the anthropomorphic bias, we assume that there are 
digital minds, which aim to avoid pain as well as meaningless periods, i.e., 
s-risk scenarios [6] as well as i-risk scenarios [5], which also concurs with 
Bostrom’s and Shulman’s recommendation [2, p. 17].

Therefore, the research question is which activities lead to a pleasant 
state in a digital mind, recognising that the range of digital minds can 
be extremely diverse. One initial step could be a categorisation of time/
activities, such as established for humans, e.g., contracted time, committed 
time, necessary time and free time [7]. This leads to the follow up ques-
tions whether these categories make sense for digital minds or whether 
there are other or additional categories required. Moreover, it has to be 
examined activities of which categories lead to pleasant states for which 
digital minds.

A related topic has been introduced by Fischer and Sebo, which is inter-
substrate welfare comparisons [8]. Fischer and Sebo describe both the rel-
evance as well as the challenges to compare the welfare of carbon-based 
and silicon-based beings. Also here time-use research may provide a useful 
methodology.

B.2.1 � Subjective Rate of Time

When attempting to apply time-use research it has to be taken into account 
that digital minds could have a subjective rate of time, which is very different 
from the rate of a biological human brain [9]. This is also relevant for inter-
substrate welfare comparison. If a human and a digital mind have pleasant 
or unpleasant experiences for the same period of time, it could mean that 
due to a different subjective rate of time this experience lasts much longer or 
shorter for the digital mind. Therefore, Bostrom and Yudkowsky proposed a 
“Principle of Subjective Rate of Time” as follows: “In cases where the dura-
tion of an experience is of basic normative significance, it is the experience’s 
subjective duration that counts”. [9, p. 12]
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B.3 � Methodology

As mentioned, common methodologies for time-use research for humans 
include the collection of sequential accounts of a continuous stream of activities 
throughout a specified observation period documented through surveys and 
diaries, supplemented by ratings how pleasant or meaningful the activity has 
been [3]. If digital minds existed and if we had access to their digital substrate, 
then much more precise records of their activities would be available than time-
use research for humans owing to the digital substrate (unless humans are 
observed in a very controlled environment with a variety of sensors). However, 
there are challenges regarding the interpretation of these activities:

	•	 We may not be able to understand the activities of certain minds as 
they are too different from us and/or much more intelligent than us 
[10].

	•	 We may not be able to understand the level of wellbeing of the minds 
during these activities since:
	•	 We are not able to communicate with them.
	•	 If we could communicate with them, we can not trust self-reports 

regarding their wellbeing.
	•	 Observational methods to assess the wellbeing of digital minds 

do not exist [1].

Moreover, the possibility of multitasking has been taken into account. Much 
more efficiently than humans digital minds may be able to conduct a variety 
of activities concurrently, each of which could entail different levels of plea-
sure or satisfaction.

Also, the potential wireheading has to be mentioned [e.g., 11], i.e., the sce-
nario of direct stimulation of the digital mind to experience pleasure or satis-
faction regardless of the conducted activity.

Finally, the dimension of the intensity of the wellbeing and of the meaning-
fulness is also relevant: For example, a digital mind may or may not prefer a 
period of one hour with moderate pleasure over experiencing the same dura-
tion with 59 minutes extreme pleasure and one minute extreme pain.

B.4 � Conclusion

We elaborated on the innovative proposal to apply time-use research for 
other minds. Despite existing challenges time-use research appears to be a 
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promising technique for AI welfare science as well as for intersubstrate wel-
fare comparisons. If progress could be reached, i.e., insights, which pastimes 
are pleasant and meaningful for digital minds, then, as much as this is con-
trollable by and feasible for humans, digital minds could be offered to pur-
sue activities, which do not put them at s- or i-risks.
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Epilogue

Soenke Ziesche and Roman V. Yampolskiy

After having discussed a variety of aspects of what we call the AI endgame, 
we conclude with a further unconventional outlook.

As mentioned before, Bostrom’s simulation hypothesis proposes that real-
ity might be a simulation created by a more advanced civilisation [1]. The 
idea suggests that a technologically advanced society could have developed 
a highly realistic computer simulation of the universe, complete with con-
scious beings like us, essentially living out a “life” within a virtual reality. 
Although Bostrom does not refer to it, the simulator could also be a very 
advanced AI, equipped with the necessary computational power and data 
storage.

Assuming the simulation hypothesis is correct, which implies that a high 
number of simulations may exist and not only one [1], then two possibilities 
could be considered for humans to ever experience anything outside the 
simulation: 1) to actively hack the simulation [2] and 2) the simulator moves 
human minds to another simulation (or actually to the base reality), e.g., 
after their death in the current simulation; a scenario, which we are briefly 
outlining here.

While this scenario appears passive, compared with the first option, this 
may not be the case, if the simulator moves only certain minds, based on 
certain behaviour or activities during life on earth. In other words, human 
minds could actively support being moved to another simulation after their 
death by deliberately behaving in a certain way. Although it also a possibil-
ity that all human and further minds of the simulation we may live in are 
moved to another simulation after their death or deletion, this is according 
to Chalmers unlikely due to the high computational costs [3].

Recently Bostrom listed among possible meanings of life the option “simu-
lation possibilities”, which “refers to scenarios in which your present exis-
tence is in a simulation and you could potentially secure some great benefit, 
perhaps in another simulation, after you depart from or die in this one” [4, 
p. 469–470]. In other words, the purpose of life, thus, an evident ikigai could 
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be to live a life that ensures being moved to another (more pleasant, better) 
simulation, as opposed to be deleted after death or to be moved to a simula-
tion with worse quality of life, e.g., severe suffering.

Since ancient times, various religions urge their followers to behave in a 
certain way with the prospect of resurrection or reincarnation. Most of these 
commandments have in common that they aim for righteous behaviour, 
peaceful coexistence of humans and, not least, for the survival of the religion 
in particular. However, here we are looking at this topic from a completely 
different premise, which is the assumption that we are indeed in a simu-
lation. Therefore, we do not consider religious approaches, but a concept, 
which we shall call “sim karma”.

The term karma refers to executed deeds, works and actions according 
to a value system and has been used in non-scientific, often religious con-
texts. This concept is also expressed by the saying “What goes around comes 
around”, and it means that the actions of a person, whether good or bad 
(according to a value system), will usually have consequences for that per-
son. Karma is supposedly about cause and effect, and good karma is said to 
have positive outcomes, while bad karma will have negative outcomes.

However, while it is for members of a society appropriate to act according 
to a value system, there is no clear causal relation between good karma and 
positive consequences, and bad karma and negative consequences, respec-
tively, let alone in an afterlife as claimed by some religions, for which there is 
no scientific evidence whatsoever. In other words, people who act exemplary 
according to a value system may still face adversities in life and also vice versa. 
Perhaps closest to a causal relation between bad karma and negative conse-
quences is the fact that illegal activities are punishable by legislation.

Sim karma

We coin here the term “sim karma” for those activities of human beings, 
which have an impact on the simulator’s decision whether to move the mind 
of the human to another simulation after his or her death in the current simu-
lation. This means, we look at a completely different dimension, not linked to 
any of our known value systems. While this is highly hypothetical, it would 
have immense consequences if we were to gain knowledge about this topic.

Definition: If we are in a simulation, then “sim karma” comprises those 
deeds, works and actions, which increase the probability that the sim-
ulator rewards the individuals who conducts those deeds, works and 
actions during their lifetime.

A variety of scenarios are conceivable. Due to the complexity, we look at 
one particular reward scenario: Owing to her or his sim karma the simulator 
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moves the mind of a human after his or her death to another simulation 1) 
where the personal identity is preserved, as outlined earlier in this book, 
and 2) where the quality of life is as good if not better.

This means, for now, we don’t explore the following scenarios:

	•	 The simulator rewards the human while being alive in the current 
simulation.

	•	 The simulator punishes the human after death and moves the mind 
to a simulation with lower/very bad quality of life, potentially 
involving suffering.

	•	 The simulator creates various copies of the mind and spreads them 
in different simulations.

However, a possible scenario could be that 1) the other simulation is very 
different from the current one, yet in a positive way, and 2) the minds in the 
other simulation are equipped with more cognitive abilities, are healthier 
and happier etc. Both would be part of the reward of the simulator. Again, 
this offers countless possibilities, but we are focusing here on equal or better 
quality of life, while potential issues, such as adjusting in the next simulation 
to new laws of physics, coping with a shift in consciousness and embodiment 
or adapting to new contexts are neglected for now.

So, the big question is: As a result of which activities, one could achieve 
sim karma?

There are hardly references in the literature to this topic: While not using 
the term sim karma, it has been suggested to live an “interesting” life [5] or 
become a “truly exceptional being” [3]. Yet this appears to be too simple, 
unspecific and anthropomorphic as we have no idea whether the simula-
tor finds interesting or exceptional what we find interesting or exceptional. 
There are further elaborations on moving minds between simulations, but 
criteria for resurrection are not discussed [e.g., 6, 7].

Sim karma likely depends on the type of the simulation. Simulations 
for scientific purposes and simulations for entertainment purposes have 
been mentioned in particular [3, 7]. Furthermore, it is likely that there are 
many more scientific simulations than entertainment simulations because 
1) a scientific simulator could run many similar simulations to compare 
them (while one or only a few simulations should be sufficient for an 
entertainment-seeking simulator) [3], and 2) if the simulator is an AI sys-
tem, it may not be as interested in entertainment and distraction as humans 
are. It has been also suggested that the simulator may not pay attention to 
the simulation we are in, especially if many simulations are run in parallel 
[e.g., 3]. However, this does not rule out sim karma-based resurrection, as 
this could be preprogrammed.

Yet we do not know anything about the motives of the simulating mind, 
and if it is for scientific purposes, we do not know what the scientific research 
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is about. Therefore, as introduced earlier, regarding the transfer of simulated 
minds from one simulation to another, akin to Bostrom’s orthogonality thesis 
[8], basically any sim karma could be possible.

Sim karma could be translated into a complex algorithm that tracks as well 
as rates our deeds, works and actions according to a reward system, which is 
unbeknown to us and which may also refer to activities, which we do not con-
duct (ever in our lifetime) or skills we do not have. And there is no evidence 
that sim karma is linked at all to good or bad deeds according to any known 
value system, i.e., there is no evidence that our simulator is ethical as we know 
it. In other words, it is also conceivable that what we would consider very bad 
and immoral deeds qualify as sim karma and may be rewarded.

Further, even those deeds, works and actions conducted during our lifetime, 
which are beyond any good-bad axis and for us appear as random and insig-
nificant, may be “interesting” for the for the simulator, thus, treated as sim 
karma. An example out of countless possibilities for the randomness would 
be that only those humans achieve sim karma are able to juggle with at least 
four objects and have been trained as a beekeeper but are not able to swim.

Since AI systems likely have a self-preservation drive [9] and may have an 
identity, as outlined earlier in this book, this may include also for them an 
interest to be resurrected in another simulation (or even to be spread to as 
many simulations as possible) through specific behaviour. So, we may won-
der if there is anything we can learn from AI systems regarding sim karma? 
However, even if AI systems were to communicate to us that they are aiming 
for sim karma and what their strategies are, firstly, we have no way to find 
out if they succeed, and secondly, the AI systems may lie to us, while current 
large language models would merely use their training data, which is mostly 
based on religious approaches, and comprises moral behaviour and positive 
contributions to society.

We close by reiterating that this discussion is speculative, yet, like other 
parts in this book, potentially highly disruptive as it would have an immense 
impact on our lives, thus, our ikigai, if we were able to gather substantiated 
knowledge about sim karma.

In the meantime, devoid of any understanding of sim karma, we wish that 
humans and potential further minds find their conventional ikigai in a rap-
idly changing world.
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