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Abstract. The aim of this paper is to provide an answer
to the question whether it is necessary to artificially con-
struct free will in order to reach the ultimate goal of AGI
to fully emulate human mental functioning or even exceed
its average capacities. Firstly, the paper introduces various
definitions of will based in the field of psychology and points
out the importance of free will in human mental processing.
Next, the paper analyzes specificities of incorporating will
into AGI. It provides a list of general justifications for creat-
ing artificial free will and describes various approaches with
their limitations. Finally, the paper proposes possible future
approach inspired by current neurobiological research. The
paper concludes that a mechanism of free will shall form a
necessary part of AGI.

Keywords: artificial intelligence, artificial general intelli-
gence, free will, volition, determinism, indeterminism, real
random generator

1 Introduction

The highest goal of the science of Artificial Intelligence (AI) has been
to create a being that can be considered as equal or even superior
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to a human in the sphere of intelligence. This goal is made yet more
difficult in a specific field called Artificial General Intelligence (AGI)
that attempts to create “a software program that can solve a vari-
ety of complex problems in a variety of different domains, and that
controls itself autonomously with its own thoughts, worries, feel-
ings, strengths, weaknesses and predispositions” [1]. In other words,
AGI aims at creating a being that not only resembles a human in the
sphere of intelligence, i.e. “[the] ability to understand complex ideas,
to adapt effectively to the environment, to learn from experience, to
engage in various forms of reasoning, to overcome obstacles by taking
thought” [2] but also in all other aspects of human functioning.

Given this aim, the science of AGI needs to explore fields like
neurosciences, psychology and philosophy in order to be able to em-
ulate such degree of evolution. It has been proven that, unlike ani-
mals, human beings possess special processing capabilities resulting
from a specific construction of their brain. Out of many important
functions of a human brain one function is, however, probably the
most outstanding, widely discussed, examined and doubted: the free
will.

Existence of will as a specific quality in a person is recognized by
modern psychology. Nevertheless, there remains an important and
so far unresolved question: Is this will free, or is it deterministic?
Moreover, does it matter if this will is free and do people need to
consider themselves free anyway?

Since the concept of free will is so puzzling and still so charac-
teristic for the species of homo sapiens, the purpose of this paper is
to explore the problem of its construction in the context of creating
the desired AGI being that fulfills the criteria of emulating human
mental functioning or even exceeding its average capacities. Namely,
the research question of this paper is whether it is necessary to ar-
tificially construct free will in order to reach the ultimate goal of
AGIL

In order to formulate an answer at least two questions need to be
addressed. The first question focuses on how will and its freedom are
defined, and what are the limitations of this understanding. Given
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the ultimate goal of AGI, the nature of will must be explored and,
moreover, it needs to be proven that will has an important role in
human mental processing.

The second question deals with specificities of incorporating an
element of will into AGI and its usefulness. Assumed reasons for such
incorporation will be summarized together with current approaches
and identification of their constraints to answer this question. More-
over, main problems relating to creating indeterministic will shall
be pointed out. Special focus will be put on creating real random
generator and its role in creating artificial free will. Lastly, the lat-
est neurobiological research shall be described in order to possibly
suggest a way to inspire future attempts of AGI.

2 Definition of Free Will

Will or “volition” is the key concept of this paper. In order to pro-
ceed further with the examination of this concept, it is necessary
to define at first, what is will as such, and later to explain how we
understand free will which is, contrary to simple volition, distinctive
with its specific characteristics. Finally, philosophical constraints of
understanding freedom of will shall be briefly mentioned.

Will or volition itself can be defined in the simplest way as an
“an act of making a choice or decision”, as well as “the power of
choosing or determining” [3].

However, there exist also different and more complex definitions
of volition. Even in the field of psychology, opinions vary. For in-
stance, a social psychologist Kurt Lewin considered volition to com-
prise two aspects: so called goal setting and goal striving. Goal set-
ting represents the motivation of a person, her desires and needs,
while goal striving means the particular ways in which a person
then exercises her will in practice [4]. A more specific definition was
later provided by Julius Kuhl that proposed so called action control
theory. According to him, volition can be understood as a mecha-
nism of action control that decides about which strategies out of



Creating Free Will in Artificial Intelligence 99

those available will be used and in which order so the goal would be
achieved [4].

Apart from the above mentioned definitions, there are many spe-
cific theories exploring the notion of volition. However, in general a
will can be understood as a special mechanism indicating intention
or purpose and governing mental processing of information in order
to achieve the indicated purpose.

Free will, on the other hand, is a concept that is enriched with
specific features that are not present in a simple will defined above.
The reason is that a simple will might be programmed or conditioned
to function in a certain rigid and predictable manner.

The notion of free will has been explored mostly with regard
to humans. This is due to the fact that experiencing a freedom to
choose and then act upon such choice has a very private and unique
nature. Each person most probably perceives this experience in other
way. Free will is simply defined as “a freedom of humans to make
choices that are not determined by prior causes or by divine inter-
vention” [5]. However, this concept has been understood differently
by various philosophers; for instance as an ability to choose delibera-
tively based on desires and values, self-mastery (i.e., trained freedom
from desires), an ability to identify true personal goals higher than
basic need and to act upon those goals, or as so called “ultimate
origination”, i.e. an ability to act otherwise [6].

Psychologist Chris Firth mentions important characteristics of
free will: “the origin of the behavior lies in the behaving individual
rather than in the environment. The behavior is self-generated or
endogenous . ..a response with no eliciting stimulus” [7]. However,
with regard to the philosophical notions we deem the definition to
be broader.

Free will can be defined as an independent force that is able to
determine own purpose, create own intentions and change them de-
liberately and unpredictably, form respective goals, pick strategies
based on recommendation from an intelligence unit, and give orders
to perform particular chosen actions. Such will is free to ignore ex-
ternal stimuli or past experience that may predict future outcomes.
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With regard to this definition, will plays an important role in
human mental processing. To speak metaphorically, free will can be
compared to a driver of a car who has a freedom to change the route
at any time according to her feelings and desires that may not be
logical. Within this metaphor the driver can also choose to turn away
from a route that others normally follow, leave prints on previously
untouched ground and originally influence the outer world.

Since freedom of will lies in the ability to act contradictory to
logical reasoning from past experience, i.e. unpredictably, employ
emotions instead of cognition and for example decide randomly in
situations when two different courses of action have a completely
same probability to reach a desired goal, a respective subject char-
acteristic with free will is enabled to develop own cognition, innovate
and form better survival strategies [8].

Deploying volition and self-control in humans leads to activa-
tion of other specific processes; for instance attempts to conserve
own resources [9]. Moreover, perception of own free will, or on the
other hand perception of its absence, has an impact on formation
of own identity and approach of an individual to solving problems.
For instance, it has been proven that people tend to give up respon-
sibilities and start to cheat when they are exposed to deterministic
arguments [10]. In general, perception of being autonomous influ-
ences behavior in various domains [11, 12].

After illustrating the importance of free will and its perception
in human mental processing, it is necessary to make at least a short
note on its existence. Although the question of existence of free will
belongs to one of the most significant problems in philosophy, it has
not yet been possible to scientifically prove it. This crucial ques-
tion deals with problem of mental causation, i.e. how pure thoughts
or mental acts can influence the matter. A precise mechanism is
not known yet. Monistic approach solves the question of causality
by stating that any mental state is caused by organization of mat-
ter, therefore thoughts are mere products of matter and not a force
influencing the matter [13]. Dualistic approach on the other hand
presumes existence of a separate mental force that influences and
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changes the matter. This, however, makes a scientific approach im-
possible since it considers spiritual to be unexplainable [13].

The absence of scientific proof of free will represents the most
serious limitation of its understanding. However, for the purpose of
our paper we consider that it is not important to solve this fun-
damental philosophical question at this point. What psychologists
now call free will is undoubtedly an important element in governing
mental functioning and, therefore, needs to be reflected in AGI as
truly as possible. Within the course of construction of such will re-
searchers may then come with new ideas that may contribute to the
solution of the argument between determinists and indeterminists,
as well as materialists and idealists.

3 Incorporation of Free Will into AGI

3.1 Justification of the Effort to Create Artificial Free
Will

With regard to the research question of whether it is necessary to
construct free will in order for AGI to reach its goal of emulating
human mental functioning or even exceeding its average capacities,
it is necessary to ask at first whether, given the high complexity and
at the same time uncertainty of the concept, there is any meaning in
attempting to create free will in AGI and whether the highest goal of
AGI is justifiable at all. Maybe the humanity would benefit enough
from a highly intelligent being that functions only in a deterministic
way as we understand it now.

Advocates of creating free will in AGI mention important bene-
fits. First of all, scientists believe that construction of free will in an
artificial agent would enable us to understand better human nature
and learn about it [14]. Secondly, we consider it as a fair presump-
tion that free will would enable artificial beings to develop their
intelligence to much higher level and, therefore serve people better.
A deterministic agent or intelligent system that simply creates own
rules upon existing rules without being able to deviate from them or
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to make random decisions is prevented from being able to gain own
individual and original understanding. In this sense, artificial agents
could be prevented from gaining wisdom, i.e. knowledge how to use
knowledge. Finally, some consider as probably the greatest benefit
to the humanity having an equal that would give us an opportunity
to define ourselves as humans in relationship to the new species.

As opposed to the mentioned positive side of artificial free will,
there arise also concerns about social implications. Current legal
systems are based on presumption of existence of free will. Humans
are the only subjects who are entitled to enter relations protected
by state and enforceable by state power. Law would then need to
solve the dilemma of who is to be protected in case a new entity
comparable with humans would come into existence. Should there
be species neutrality as long as the species have the same abilities
and awareness? Should these beings be protected at least like animals
given the condition that they can feel suffering? Moreover, another
issue rises with a possibility that we may later not like what we
would have created. At the same time the scientists would then face
an ethical question whether these artificially created beings could be
destroyed. All these questions are for now highly theoretic. Since we
have not yet experienced the particular problems which cannot be all
precisely predicted, we can unfortunately only guess. But even these
guesses are important. For instance one of the classic arguments
against creating a being equal to a human is a fear of machines
becoming more powerful than people and possessing the same desire
to control the outer environment such as people strive for. This fear
although currently unreal may be prevented in the future by taking
appropriate steps during research.

The answer to the question of the very purpose of AGI seems to
be based on balancing possible pros and cons. Since the construction
of free will in AGI is not an easy quest, it is presumable that there
would be constant monitoring of progress in development and ad-
vantages and disadvantages of creating and incorporating such new
beings into the society would be evaluated simultaneously together
with assessment of new risks. A possibility of learning more about
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us provides an extra advantage to the human kind and a reason why
to continue persuading the goal of the development of the ultimate
AGIL

3.2 Models of Artificial Free Will

As it has been mentioned earlier, philosophers and scientists have
not yet agreed on whether there exists free will in humans. Both
sides come with strong arguments. Determinists refer to causality
as the basic principle ruling the existence while indeterminists claim
that while causality is valid, the outcome cannot be predicted with
absolute certainty. Some advocates of free will postulate that free
will represents an original cause itself.

There have been various approaches by computer scientists aim-
ing at reflecting volition or even free will in artificial intelligence.
Approaches vary from creation of deterministic will that is called
“free” to proposals to emulate free will resembling human mental
functioning.

In this chapter at first a deterministic model will be described
and assessed from the AGI’s point of view. Next, an approach to
human-like free will shall be presented. Finally, one of intermediate
stages will be mentioned as well.

In 1988 John McCarthy proclaimed that with regard to free will
“the robots we plan to build are entirely deterministic systems” [15].
Later in 2002 — 2005, he proposed a model of Simple determinis-
tic free will [16] in which he reduced the notion of free will to (1)
computing possible actions and their consequences, and (2) deciding
about most preferable action. As an essential element he considers
knowledge of choices. This approach refuses complexity of a system
to exhibit free will.

Although this proposed model seems to be effective for the ex-
isting AI, it seems that such notion is not suitable for AGI pur-
poses and emulation of human mental functioning since it is too
simplistic. From psychological point of view, human mental process-
ing is claimed to be based on three cooperating elements: volition,
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cognition and emotions [17]. Avoiding or reducing impacts of these
elements in the processing then prevents making unpredictable so-
lutions of which humans seem to be capable. Although some exper-
iments have been made to disprove existence of free will (namely
Libet’s experiment), results of these experiments have been widely
criticized and not fully accepted [8]. Moreover, unpredictability of
human decisions is highly presumable with regard to the very bio-
logical nature of a human brain (“The brain is warm and wet, unpre-
dictable, unstable, and inhomogeneous.” ) and principles of quantum
physics [18]. According to those principles it is possible to determine
only probabilities of future behavior but not exact future behav-
ior [19].

An argument against existence of deterministic free will based on
causality was also made by Perlovsky. He claims that causality re-
flected in logic is prominent in consciousness, but consciousness does
not represent “a fundamental mechanism of mind” [13]. According
to him in computer science dynamic logic is necessary to overcome
the issue of complexity of mind that has own hierarchy. Moreover,
conditions for existence of free will that can be formalized were al-
ready proposed and based on physical theories. These are said to
be based on pairwise interactions of particles. Research shows that
free will can in principle exist in case of interaction between three
or more particles [19].

With regard to these facts it is obvious that a concept of free will
should not be dismissed in AGI as inherently impossible or useless.
It is, therefore, necessary to look at other, more complex models
of free will emulation or their proposals. Much more favorable ap-
proach to artificial (mechanical) free will was taken by Manzotti. He
claims that “free will stems out of very complex causal processes
akin to those exploited by human beings. However, it is plain that
simple deterministic devices are not up to the task” [20]. He states
that freedom of an agent lies in capability of making real choices,
i.e. choices that are not random but also not resulting only from
external causes. He mentions a concept of gradual freedom in which
freedom of an agent depends on its complexity and a degree to which
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individuality of an agent is expressed [20]. A degree of freedom in
decision is also related to the degree of involved causal structures in
an agent. An action resembling an instinct is considered to be much
less free than an action involving own causal structure formed by
individual history.

The presented technical approach is much more complex than
simple deterministic free will. However, it does not provide any par-
ticular solutions. Only conceptual guidelines are outlined. Moreover,
many constraints and problematic concepts to be solved are men-
tioned: temporal integration in an agent, polytropism, or automatic
and conscious responses [20].

The two models, one of simple deterministic free will and the
second of human-like free will, represent two ends on a scale of AGI
development. It is obvious that any development is gradual (various
approaches were briefly summarized by McCarthy and Hayes [21]);
therefore, one needs to presume stages in which technology will im-
prove over time. It has been shown that free will is rather difficult
concept and includes many components. One of its main character-
istics is unpredictability. As it has already been argued, the very un-
predictability is caused by the biological structure of the brain [18].
Randomness represents its inherent feature. Therefore, this com-
ponent should also be included in order to reach the next step in
developing artificial free will.

In terms of computer science, however, creation of real random
generator has been quite a difficult task to accomplish. The ques-
tion is how can a deterministic model produce indeterministic re-
sults while it is working based on laws of logic? Software-generated
randomness can be computed and is not then truly random. For-
tunately, new research shows paths how to create real randomness.
Some recent random generators are based on physical phenomena
and use noise sources such as chaotic semiconductor lasers [22]. The
most promising research is though in the area of quantum physics.
Quantum randomness was proven incomputable and “is not exactly
reproducible by any algorithm” [23]. The next step in developing
artificial free will would then be incorporating and testing quantum
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random generator in order to provide AGI with a mechanism that
can at any time provide it with a possibility to decide in a completely
illogical way.

3.3 Possible Future Approach

Previous chapters outlined the current knowledge about volition,
free will and attempts so reflect this characteristic in artificial in-
telligence. This last chapter should focus on the future and other
possible steps or sources of inspiration for creating free will in AGI.
One of the promising fields is neuroscience that studies neural sys-
tems and mechanisms that underline psychological functions.

With regard to biological basis of volition, very interesting re-
search has been done by prof. Peter Ulric Tse who studied activity
of neurons. Based on the results of his research he claims that free
will has a neurological basis. According to his theory neurons re-
act only in case some particular and predefined criteria are fulfilled.
Decision of a person and her will are conditioned by the current
structure and definitions. However, freedom of a person and her will
lies in rapid neuronal plasticity. After a person made a decision, the
neurons can reprogram themselves and define new criteria for future
decision-making [24].

These findings are in fact in line with previous findings and speci-
fied psychological characteristics of free will. A person bases her deci-
sions on previous experience. However, in case of employing complex
cognitive processes, reaction can be changed for future cases. There
is also delay in performing decisions by humans so it is presum-
able that before acting in a decided way, the particular person can
quickly reconsider the action and act otherwise. To other humans
such action seems instant and, therefore, free.

The comprehensive description of neural functioning by prof. Tse
provides a great starting point for computer scientists to try to em-
ulate similar functioning in the sphere of artificial intelligence. It
seems to be the most feasible to use neural networks in order to
achieve the same manner of functioning.
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However, a serious limitation still persists even in this approach.
Even when the activity of organic neurons would be perfectly em-
ulated, it would be a mere presumption that as of this moment an
artificial being has a free will. The problem with the free will is, as
already mentioned, that this quality is dubious due to its first person
perspective experience and cannot yet be even confirmed in animals.
Further research in this field is necessary.

4 Conclusion

The aim of this paper was to frame the problem of free will in the
context of AGI. In order to answer the question whether it is nec-
essary to artificially construct free will to reach the ultimate goal of
AGI two main problems were explored: (1) the nature and impor-
tance of free will for human mental functioning, (2) usefulness and
technical possibility of its creation and incorporation into AGI.

It has been shown that free will as such significantly influences
mental processing and overall behavior of a human. Characteristics
associated with free will are considered to be uniquely human and
contributing to development of intelligence.

In the field of AGI incorporation of such an element is presumed
to bring significant improvement for agents situated in complex en-
vironments. Although there are many limitations and constraints
yet to be solved, the possibility of creating free will seems to be vi-
able and in case of continuous risk assessments also beneficial to the
society.

The ultimate goal of AGI is to create a system that resembles or
exceeds human capabilities in all areas including cognition and emo-
tions. Since free will contributes to intelligence development, emo-
tional control and possibly also self-awareness, and it seems to be
construable, AGI needs to create this element to resemble human
capabilities. Future attempts not only need to include real random
generator that will be incorporated into the decision mechanism but
also learn from neuroscience and get inspiration from mechanical
functioning of the brain.
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Last remark we wish to make concerns constructing a system
that exceeds human capabilities. It needs to be noted that “exceed-
ing human capabilities” is a very vague term. Since AGI aims at
first to resemble a human, free will seems to be necessary. However,
this will may also enable an AGI system to experience dilemmas,
contradictions and human states in which it is sometimes difficult to
make any decision. It is questionable which role free will plays in this
drama. It can be at the same time the cause of all these problems
as well as their solution.
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