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PHRONETIC ETHICS IN SOCIAL ROBOTICS:
A NEW APPROACH TO BUILDING ETHICAL ROBOTS

Abstract. Social robotics are autonomous robots or Artificial Moral Agents
(AMA), that will interact respect and embody human ethical values. However,
the conceptual and practical problems of building such systems have not yet
been resolved, playing a role of significant challenge for computational modeling.
It seems that the lack of success in constructing robots, ceteris paribus, is due
to the conceptual and algorithmic limitations of the current design of ethical
robots. This paper proposes a new approach for developing ethical capacities in
robotic systems, one based on the concept of Aristotelian phronesis. Phronesis
in principle reflexes closer human ethics than the ethical paradigms we employ
today in ethical robotics. This paper describes the essential features of phronesis
and proposes a high-level architecture for implementing phronetic principles in
autonomous robots. Phronetic robotics is in its early stages of conceptualization,
so many of the presented ideas are speculative and require further research.2
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Introduction

Ethical systems in autonomous robots (a-robots) represent a mixture
of deontological, utilitarian, and/or pragmatic ethical principles (a ver-
sion of Kant’s categorical imperative or Mills/Bentham’s utilitarianism )
(Allen et al., 2006; Anderson & Anderson, 2011, 2014; Floridi & Sanders,
2004; Hibbard, 2015; Wallach & Allen, 2009; Wallach et al., 2008; Wal-
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lach et al., 2010). However, deontological and utilitarian principles are
controversial even as an explanation, justification, and guidance for hu-
man conduct. There is no doubt that the current approach to robotic
ethics could lead to the construction, to some degree, of safe-to-use a-
robots (i.e., safe for humans). In this case, “safe” means the same as it
would for the safety of an aircraft or a car (i.e., minimal risk of injury or
harm, intentional or accidental). However, to an ethical person, the ethi-
cal behavior of these machines would look like a gross oversimplification of
ethical conduct, which it basically is. In this paper, we outline a new ap-
proach to robotic ethics that is inspired by an aspect of Aristotelian ethics,
namely phronesis. Phronesis has been used for centuries to rationalize hu-
man ethics, so it has the potential, if implemented, to improve ethics in
a-robots as well.3

2. Roboethics today

Today’s ethics in a-robots is implemented using the concepts of the
abstract computational model of the Universal Turing Machine (UTM),
as indeed all computer software is. From the ethical perspective a-robots
based on Universal Turing Machines can only be behavioral systems.* The
behavioral approach to morality has been long discounted.> Thus, if our
goal is to develop socially acceptable autonomous robots the UTM based
robotics implements the wrong ethical model in the wrong computational
paradigm.® This may seem like a gross simplification of the research into eth-
ical robotics. However, on close scrutiny, the various computerized ethics im-
plementing emotional rules, virtues, and mixtures of deterministic to prob-
abilistic algorithms (see later in the text) seem to be variations on the
same theme: UTM-based a-robots are ethical zombies. When a-robots en-
ter our social environment, we need them to be more than behavioral sys-
tems. We need them to think and make decisions like we do (Oers & Wes-
selman, 2016; Leite et al., 2013) and share our social norms and values,
so we can accept them as social partners, particularly if we plan to grant
them some of our rights! (European Parliament, 2017, Rule 56.f; Alaieri
& Vellino, 2016)

So far, no robots have demonstrated better ethics and made better eth-
ical decisions than humans (despite the fact that we err so often). This
should be self-evident from the assumptions behind computer models. The
autonomous robots with ethical capacities (e-robots) have access to the facts
(the information about the current environment at a given time),” past eth-
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ical decisions, and past outcomes (whether positive and negative) of actions
on an incomparably larger scale than we humans do. In addition, the Ar-
tificial Moral Agents (AMAs) could potentially have incomparably more
powerful inference capacities available to them than we have. Thus, the lim-
itations of robotic ethics lay not in the volume of information about past
events or the information about the state of the world that is available to a-
robots. It is not about computational power either. So, what is it? We make
the claim that one of the critical differences, although not the only one, be-
tween a-robots as currently designed and humans is in the “inference/ascend
method”, i.e., the method of ascending to an ethical decision based on the
facts present, the set objectives of an action, and the comprehension of the
ethical dimension of past experiences and their outcomes. To improve the
moral capacities of a-robots, we need a new approach rather than more of
the same. We need a paradigm shift in “roboethics”.8 This paper proposes
a new model of ethical ascend and rationalizing of ethical behavior for robots
that is inspired by the Aristotelian concept of phronesis.

3. Key concepts

Let us define the key concepts used in this paper to ensure a correct in-
terpretation. An agent is a person or an artifact that takes an active role or
exerts a specified effect. Autonomous robots are artificial systems capable of
acting independently (of human assistance) in the physical environment for
a certain amount of time, with no human activity involved in the decision
loop; they can have a role of an agent. Ethical robots, or e-robots/AMAs,
are artificial systems with attributed ethical capacities. A phronetic robot,
or ph-robot, is an e-robot with attributed phronetic ethical capacities. Ethics
is defined here as the theoretical and practical principles that guide hu-
mans’ actions and choices. Machine ethics is a branch of computer science
that deals with the formulation and development of ethical-like capacities
in a-robots, or more generally, in autonomous computer systems. It is not
a branch of ethics. As well, it is not concerned with professional ethics.
Machine ethics is frequently used synonymously with robotic ethics. One
may use the term roboethics, denoting ethics or machine ethics within the
context of a-robots. Ethical ascend is the decision process for ethical prob-
lems. Thick or deep ethics is ethics with the goal of preserving an individual
or common good, being guided by the principles of virtue and directed
toward perfecting the moral capacities of an individual. Thick ethics is de-
fined as opposing shallow ethics, such as utilitarian pragmatic, emotive, and
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behavioral ethics (e.g. Vayrynen, 2017). A strong phronetic system is an ar-
tificial or natural system that possesses Aristotelian phronesis. A weak phro-
netic system, meanwhile, is an artificial system that emulates Aristotelian
phronesis in some respect.

Note #1: This paper does not discuss the Aristotelian concept of phronesis in
its full scope (e.g. Broadie, 1991; Flyvbjerg, 2011). The presented analysis of
the Aristotelian concept of phronesis is there, out of necessity, simplified, but
in its general outline, it aims to agree with modern interpretations of Aristo-
tle’s ethics and phronesis (Broadie, 1991; e.g. Reeve, 1992). Thus, we do not
claim to have fully computerized Aristotelian phronesis. Instead, we propose
a method inspired by the concept of phronesis, which is a weaker claim, but
in our view, it is a technically feasible one (more on this methodology see Polak
& Krzanowski, 2020).

Note #2: Other authors like e.g., Nick Bostrom, Eliezer Yudkovsky (2004), or
Tarleton (2010) explored non-algorithmic approaches to robots ethics under
the labels of Friendly AT or coherent extrapolated violation (CEV). None of the
authors one explicitly mentioned Aristotelian phronesis. Yet, they indicated
the need for a-robots to possess the concept of ethical situation.

4. Why phronesis?

We propose that the higher levels of ethical proficiency in a-robots may
be realized by adapting the Aristotelian concept of phronesis.® What is
phronesis? Phronesis is not an exact science (like episteme in Aristotelian
sense) or art (the techne/craft or practical skills required to do something
or produce something), and unlike the exact sciences, it is not based on
ultimate (necessary) principles. The general principles of an exact science
are “absolute,” because they express abstract, nominal truths (like math-
ematics or pure logic). Ethics deal with “enmattered things”'® and with
changeability and variability inherent in concrete embodied facts. The ob-
jective of phronesis is eudaimonia, a realization of a specific concept of
good for a person (an actor). The focus of phronesis is the variability
of the specific case from ultimate principles rather than the “generality”
of the case.ll Phronesis cannot be taught like mathematics, as there are no
rules to teach in phronesis.!?2 Phronetic expertise can only be gained through
experience. We do not provide a detailed explanation of what phronesis is,
because others have been doing it already for some time (Reeve, 1992; Ran-
dall, 1965). We focus here on the phronetic ascend exclusively. Phronetic
decisions can be summarized in the following principles:

168



Phronetic Ethics in Social Robotics: A New Approach to Building Ethical...

A. Phronetic ascend cannot be encapsulated in a set of general rules, be-
cause it deals with the specificity of particular cases (i.e., it is not pro-
cedural).

B. Phronetic ascend is case-specific (i.e., the focus of the phronetic decision
is a particular case).

C. The decision for the specific case is not achieved through logical analysis
or reasoning through principles (like in science) but rather by intuitively
grasping the outcome or having “foresight of consequences.”

This is what Aristotle, presented here in the highly condensed way, is

telling us.

Note #3: The physical constitution of the body and the social setting play
both important role in the comprehension of the complex ethical situations.
This seems to has been Aristotelian view as well. The design of e-robots should
account for these factors.

Note #4: It also seems that the e-robots may (self) improve their ethical capac-
ities by learning from their own and others, responses to situations. This means
that rather than to program the e-robot with the response to any possible
situation, which is impossible task, an e-robot should have self-improvement
capacities and an ability to perfect its ethical skills. This self-improvement
capacity should be also regarded as a critical aspect of autonomy, i.e. the au-
tonomy of an a-robot should be defined not only as an ability to act without
human supervision but also as an ability to autonomously improve its capaci-
ties to act autonomously.

Note #5: One promising approach to building an e-robot with the deep ethics
capacities is through the resolution to symbol grounding problem, which may
be accomplished by adopting selected theories of biosemiotics. Current research
on biosemiotics and robotics seems to be promising in this area (see Anna
Sarosiek work, ongoing).

5. Phronesis lessons for roboethics

Phronetic ascend focuses on developing a decision system that is not
based on general principles, generalizations, algorithmic procedures, or
whatever else the current methods are but rather on the analysis of se-
lected past histories for decisions and actual cases with outcomes. Each
decision must consider the specificity of the particular case/situation, and
the characteristics of the particular case should be the starting point for the
ethical ascend. As phronesis is a function of experience, phronetic robots are
learning robots with a feedback loop, and a new experience in an individual
unit or group of units would be added to the collection of cases in the use
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case (UC) database or ethical knowledge base (EKB). Both negative and
positive decisions are stored in the EKB. The size of the EKB is not critical,
as a large amount of “experience” does not guarantee proper foresight. It is
the right experience with the right insight into the outcome of decisions that
is needed. Table 1 interprets the principles of phronesis in the Al context.

Table 1
Phronesis and roboethics implications

Phronesis

Roboethics

Ethics is not an exact science; one cannot
define generalized universal rules to guide
behavior (i.e., decisions are taken in partic-
ular cases, but general rules are always gen-
eralizations (sic!), so they will sometimes be
wrong in particular cases).

This implies that the development of algo-
rithmic rules to solve ethical problems will
not improve the quality of ethical decision-
making.

Ethical decisions are all case specific and
guided by the weight of experience.

This mean that phronetic capacities are not
“programmed” a priori but learned.

Ethical decisions always go from the specific
case to the universal principle, not from the
universal principle to the specific case.

This means that the focus of an ethical deci-
sion is the ethical aspect of the specific case,
not universal rules that generalize cases.

The telos of ethics (the ultimate goal of
ethics) is eudaimonia (the best good).

The telos of ethical decisions (in the case
of a-robots) is the best good of the hu-

man actors involved, not the a-robots them-
selves. Other formulations of telos for a-
robots would also be possible.

6. Proposed design

We outline one possible approach to the design of a phronetic robot.
This proposed design is clearly a simplification of the original concept of
phronesis (i.e., we implement a weak phronetic system), but it retains its
characteristic features. In the proposed system, the ascent to the decision
should made through evaluating existing UCs and comparing them to the
specific situation, with the decision being made by selecting the most “eth-
ically proximal” UC with the best outcome. The exact meaning of what
the “ethically proximal case” is needs a strict definition that can be oper-
ationalized. What makes two or more UCs ethically similar or what makes
a UC relevant to the situation is not clear or obvious. The past UCs are
not literal retentions of the past decisions but rather abstracted situations.
What is abstracted is not the material particularity of a situation but its
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ethical import. As vague as this statement is, it bars us from making deci-
sions based on a simple “match” of the physical variables that describe the
past cases.

The explanation in phronetic robots would not be of the form of de-
ductive reasoning from the general to the specific (e.g., “I did this because
of this, then this, etc.”) or a probabilistic choice (e.g., “This action has the
higher probability of success.”). It would rather take the form of thinking,
“I did this because through an analyses of similar cases in the light of my
ultimate aim, I realized that it had a greater possibility of approaching my
ultimate aim.” Of course, the use of ‘I’ here is purely illustrative. What fol-
lows is an outline of a high-level view of the ethical ascend process in an a-
robotic system. The models are based on the general agent-environment
model presented in Figure 2.

ACTIONS
Environment AGENT
INFORMATION
AGENT Model
_ _
Observer Interaction Predicted actions
histories (pastactions, outcome (action,
states outcomes...) classgoals...)

Figure 2. A general agent-environment reference model

The agent-environment model is a relatively stable concept. The mod-
els of agent-environment interaction may differ in their detail but not in
their overall form (see e.g. Albrecht & Stone, 2018; Hibbard, 2015; Ander-
son & Anderson, 2008, as well as other models Poole & Mackworth, 2017).
The model schema where the agent interfaces with the environment is pre-
served implicitly in any a-robot model.

We first need a few definitions for the terms agent, decision process,
ethical fact, and ethical knowledge base.!® An agent 7 obtains a set of ob-
servations Oy;, Oa;, ..., Oy, about its environment (the state of the world).
The index ¢ denotes the specific set of observations (about the state-of-the-
world); it may be the time index. An agent initiates the action a;, resulting in
an outcome ¢; with a score s;. We therefore have 7(O1;, Oa;,...,0p;) = a;
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and a;(q;) = s;. F' is a fact about a given situation (the state of the world in
a given instance). This information is gathered by the agent from its environ-
ment. Oq; are specific instances of information. The collection of Oy; consti-
tutes the fact (i.e., F; = (O14,02;,...,04;)). The use case (UC) comprises
the state of the world, the action, the outcome, and the score, such that
UC = 7(014,02;,...,0,;) = a; and a;(g;) = s;. The Ethical Knowledge
Base (EKB) is the set of UCs, such that EKB = [UCy,...,UC,,].

Aggregation of information

Currentstate of
the world DB

2 Structured
information

—

INFERENCE
E NGIV

Sensory

A Ascend specific
Methods Information
OAlgorithmic
Uinference
UProbabilistic
UANN

El
ENVIRONMENT

Figure 3. The non-phronetic AMA decision pathway

The decision process in current AMAs follows the decision pathway
shown in Figure 3, which presents a very-high-level functional breakdown of
the main components of the AMA decision system and hides the low-level
details.'* The main functional components of the AMA agent are EN (the en-
vironment), AG (the agent), F (the database of facts), and IE (the inference
engine). The I/O and functions of each component are given in Table 2.

The AMA agent obtains information about the environment through
it sensory systems (1), processes it into the proper format, and stores it
in its database F of FACTS [F; = (O1;4,02;,...,0,)] (2). The facts de-
scribe the situation of an agent. When making a decision, the agent’s in-
ference engine (IE) takes facts relevant to the situation (3) and processes
them using one of the processing methods implemented in the agent. Based
on the outcome of the decision algorithm, the IE passes the decision back
to the agent (4). The agent then acts in the environment (5).
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Table 2
Functional components of the AMA agent
Functional
tuetiona Input Output Functions
Block
EN Decision by AG Information about the|Environment
situation

AG Information about the|Decision and action |Collect information about the
situation through the situation.

sensory data stream Structure information; Pass in-
formation to DB of facts; Re-
ceive decision; Act

F — DB |Information about the|Respond to queries Collect and aggregate facts; Re-

situation from IE spond to queries
IE Structured informa- |Decision to AG Using the ascend method decide
tion about a situation the action

The decision process for the phronetic ascend follows the decision path-
way shown in Figure 4. The main functional components of the AMA agent
with phronetic capacities are EN (environment), AG (agent), F (the data-
base of facts), the Agent EKB of use cases, and IE (the inference engine).
The aggregation of information and the aggregation of UCs are processes
that integrate the particular facts or UCs into the database structure.
As we said earlier, the database contains aggregated abstractions rather
than raw data. The I/O and functions allocated to each component are
listed in Table 3.

The AMA agent obtains information about the environment through
its sensory systems (1), processes it into the proper format, and stores it
in its database F of FACTS [F; = (O1;, O2;,...,0y;)] (2). The facts describe
an agent’s view of situation. When making a decision, the agent’s inference
engine (IE) takes facts that are relevant to the situation (3). The IE then
searches the Agent UC EKB for UCs that are similar according to the spe-
cific proximity measure (4) and selects the decision that offers the most
favorable outcome (5). The decision is passed back to the agent (6), which
then acts in the environment (7).

As we indicated earlier, the UC EKB contains information about the
state of the world, actions, outcomes, and ethical scores. The results of ac-
tions are collected and feedback to the agent for integration in the UC EKB,
as represented in Figure 4 by a dotted arrow. The presented schema of the
functional blocks and decision pathways in the AMA with phronetic capac-
ities is a high-level view that does not address the operational architecture
of the system.
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Aggregation of information

.
I’

Table 3

L Sy

Sensory
specific
Information

ENVIRONMENT

Figure 4. The phronetic AMA decision pathway

Functional components of the AMA agent with phronetic capacities

Functional .
Input Output Functions
Block
EN Decision by AG Information about the|Environment
situation
AG Information about the|Decision and action |Collect information about the
situation through the situation
sensory data stream Structure information; Pass in-
formation to DB of facts; Re-
ceive decision; Act
F — DB |Information about the|Respond to queries Collect and aggregate facts; Re-
situation from IE spond to queries
IE Structured informa- |Decision to AG Using the ascend method decide
tion about a situation the action
Agent |Phronetic engine re- |Search results Collect and aggregate UC with
UC DB |quest; Phronetic en- decisions and outcomes; Re-

gine feedback

spond to queries from a phro-
netic engine; Management
of UC DB
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7. Situational Theory and Phronetic Ethics

The first step in implementing phronetic ethics in robots is the de-
velopment of the formalized representation of the ethical context including
ethically relevant information, data base of ethical cases, ascend algorithms,
abstraction methods and other elements of the computer phronetic ‘engine’.
The proposed approach to bridge phronetic ethics, robotic ethics and com-
puter systems is to use the formalism of the situational theory as formulated
by (Devlin, 1991). The situational theory is the study of cognitive agents,
environment, and information flow between agents and environment. We
present only the outline of the situational theory and its main elements to
demonstrate how it can be used to model the phronetic ethics. The more
detailed implementation, based on the Case-Based Reasoning (CBR) (see
e.g. Aamodt & Plaza, 1994; Richter & Weber, 2013) is a subject of a future
work.

The structure of the agent-environment interaction assumed by situa-
tional theory is following:

— An agent’s world is divided up into a succession of situations.

— Situations, s, are highly structured parts of the world that the agent’s
behavior discriminates.

— What does and what does not constitute situation is a matter of agent’s
discernment, e.i., each situation is individualized.

The situations are defined by “information”. Information is defined as
an itemized, conceptual form, each item of information pertains to certain

given object, e.g.: if P is an n-place relation and (ay,...,a,) are appro-
priate objects for this relation P, then ((P,ai,...,a,,4)) is a situation.
((P,ay,...,an,i)) states the information item that ai,...,a,, stands in

(1942

the relation P. We call it infon. Infon represents situation. “i” is called po-
larity of the infon where “i = 0” if (aq,...,a,) are NOT in the relation P,
“; = 17 otherwise. Infon that corresponds to the way things actually are in
the world is called FACT. For example, the infon ((X,34,21,45,0)) where
X is the relation “is prime number” meaning that integers 31, 21, 45 are not
prime numbers has the polarity “0” or “it does not correspond to the way
things actually are in the world” i.e. it is not FACT. We represent this re-
lation as follows. S denotes a situation. An infon denoted as o is the fact.
If o is made true by s, we write s = o. If I is a set of infons and s a situation
we write s = I if s |= o is for every infon in . We may denote the maximal
situation, the world or w, considered by an agent and we can write w = o
orw = 1.
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Abstract situation is a set of infons, it is a mathematical construct
built out of the relations, individuals, locations, time, polarity. Real situa-
tion is the kind of “in-the-world” relation picked up by individual schema
(a set of infons). Each real situation corresponds to abstract situation
or{o|skEo}.

Situations (abstract or real) may be static or dynamic. For example,
the following situation describes the “crossing the street at time t”:

s E {((Crossing, person, 1, t, 1)) V ((Crossing, person, l, t, 1)) V
((behind, car, 1, t, 1)) V ((in_front, crosswalk, 1, t, 1)) V ((bad_weather,
rain, 1, t, 0)) V... ((R,a1,...,an,%))}.

What elements constitute the situation is the matter of ethical abstraction.

The situations are denoting the factual things. But there is an obvious
need to develop the concept of the situations-types or higher-level situations
that are in some ways as a class of situations. For example, the trolley
problem represents a certain type of factual situations. We need to include
higher-order uniformities that are common across situations. We denote this
uniformities as types of situations or situation-types or type-abstractions.
Type abstraction is defined as

The type of (T) with parameters {temporal location, spatial location,
individual, n-place relation, type of situation, infon, parameter, polarity
[ACTION], [OUTCOME]} denoted as ({(of-type, TYPEL, TYPE2, ..., i)).
Basic types T are values that can be assigned to type parameters. Parame-
ters allow for further refinement of basic types and abstractions.

Situational logic seems to be useful in modeling phronetic ethics situ-
ational logic needs to include an element of the action and of the value of
the outcome of an action. They have to be added. Table below provides
the mapping between elements of Phronetic ethics and components of the
situational logic.

Table 4
The mapping of concepts between Phronetic ethics and Situational Theory

Phronetic Ethics Situational Theory

Fact Actual abstract situation

Ethical Knowledge Data base of abstract situations and situation-types at different
Base (EKB) level of abstraction

Ethical Experience Situations, and situation types with action value
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The presentation of situational theory is necessarily brief and is pro-
vided here only to indicate that situational theory, after some extensions
(e.g., action and valuation of action) may provide a conceptual framework
can be used to formalize and operationalize Phronetic ethics in a computer
system. Operationalization can be attempted only after several problems
listed below are resolved.

8. Problems to be solved

We have identified four conceptual problems that need to be resolved be-
fore a phronetic robot can be implemented. These four are problems specif-
ically related to the construction of the phronetic inference engine only It
does not mean that these are all problems faced by the a-robot design.
It also does not mean that once these problems are resolved the new prob-
lems will not appear. These four problems that we see from the current
perspective are:

1. The structure of the database of facts: What should be included
the database of facts and in what form is not defined. It seems obvious that
information stored as facts must be in a highly abstract form — it cannot be
raw sensory data. A database of raw data encompassing the lifelong experi-
ence of an agent would be too large to search efficiently. Only the relevant
aspects of the data should be retained.

2. The use-case-to-fact matching criteria: It is not clear how to
populate the ethical database with facts, what information should be re-
tained, and how it should be integrated with the existing ethical UCs.

3. The structure of use cases and the structure of the database
of use cases: It is not clear what should be stored as a use case and in
what form. Again, it seems that the UC must be a form of highly abstract
information yet retain the specificity of a particular case. There have ob-
viously been attempts to design knowledge databases for robots, but these
do not address the specifics of ethical problems (Tenorth & Beetz, 2017).
There have also been attempts to define ontology for autonomous robots,
but the ethical aspects of the robot “universum” are still not included (Pres-
tes et al., 2013).

4. The ethical proximity measure and searching: The concept of
proximity measure of cases must express ethical similarities of situations.
How situations are ethically similar may only be crudely approximated by
typical distance metrics used in CBR. At present we have intuitive under-
standing of what this proximity may be. It is not clear how we determine
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when use cases in the ethical database are similar. How would we mea-
sure ‘ethical’ similarity or proximity? It is also not clear how searches in
the ethical database should be performed. The implementation of a phro-
netic robot will need to address these problems. The ethical UCs will likely
be represented as situational descriptions. It seems that when searching
for proximal UCs, we could use string-matching algorithms (Hasna & Po-
tolea, 2016; Bard, 2007; Gilleland, 2006; Navarro, 2001; Winkler, 1990;
Jaro, 1989). These would search for objects that are similar rather than
exactly the same. It is possible that we also need to define a new measure of
distance or proximity for ethical UCs (ethical proximity). In addition, phro-
netic robotics does not free us from imposing ethical judgment — the UCs
need to have some kind of “preference” score, however minimal. It is difficult
to conceive a software system that could assign such a score to an outcome of
an event without a basic conception of right and wrong. In short, we would
not trust unsupervised ethical learning. Let us say these initial scores are
our boundary conditions, but what would we regard as minimally required
in this case?

5. The problem of robotic ethics must address embodiment of
the ethical mind. Aristotelian concept of phronesis considers as an ethi-
cal agent a person, i.e. a fully constituted agent with the mind and body.
Thus, it may be the case that the development of phronetic capabilities as
a stand-alone software function will not be feasible or will be severely lim-
ited. The phronetic software functions developed as a standalone system will
always be missing the ‘body’ component whatever it may be in a case for
phronesis. While it has been recognized that the development of the a-robots
a human-like with motor skills have to be based on the embodied systems
(see e.g. Hoffmann and Pfeifer, 2012) it has not been recognized that em-
bodiment is also a condition for developing ethics. However, reasoning by
analogy, as it is impossible to explain to a color-blind person the beauty
of a rainbow, it may be impossible to engineer phronetic-like capacities in
an a-robot that is not fully functional in physical environment.

Of course, as we said, these are in no way all the problems that need
to be addressed before we can build a phronetic a-robot. In our view, how-
ever, the conceptualization of use cases, and the development of matching
and searching methods is fundamental to the proposed design and should
consequently take priority. It seems that doxastic and epistemic logics may
also provide a formalization framework for the phronetic decision system,
ethical knowledge base, and the development of the phronetic ascend. The
formal framework of doxastic logic may also help explain an agent’s ethical
ascend, creating explainable robotic ethics.
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9. Conclusions

A-robots currently possess ethical prowess at the very rudimentary
level, that we even should not denote these capacities as any kind of
ethics in the full (or thick) sense of this term. The reasons for this are
manifold including the limitations of our technology (we are still in any
TM paradigm), the limitations of our conceptual models of ethics and rela-
tively primitive (by comparison to what is needed to model human ethics)
implementation methods. We therefore have little chance to build social
robots with the skills of comparable to a human agent, as these skills re-
quire, among other qualities, e.g. intuitive reasoning, which our current al-
gorithms lack.

We propose developing roboethics to replicate, to some degree, Aris-
totelian phronesis. Phronetic ascend (the way to make ethical decisions)
is based on non-algorithmic reasoning that characterizes a human decision-
making. Phronetic ethics brings are closer to than other ethical paradigms
such as deontology or utilitarianism to how we humans make ethical deci-
sions. Thus, phronetic ascend offers a potentially better approach to solving
ethical problems than the current methods. However, any implementation
of phronesis in a-robots requires the resolution of several technical and con-
ceptual problems, some of which have been identified in this paper.

Even if we replicate phronetic decision-making in a-robots, a-robots will
never assimilate completely the Aristotelian objective of phronesis (i.e., eu-
daimonia, a realization of specific concept of good for a person in Aris-
totelian ethics). This is so, simply because Aristotelian ethics is rooted in
the concept of man/woman; it is as, we would say today embodied in a hu-
man flesh and mind. However, it remains open as to whether it is possible
to define a eudaimonia in a narrow sense for a specific type of a robot, thus
creating, in a limited sense, phronetic robots.

NOTES
1 ul. Kanonicza 9, 31-002 Krakéw, Poland

2 A substantial part of this paper has been taken from our presentation “Modeling
ethical phronetic knowledge bases in A-Robots”, 14 May 2019, during the first edition of
the research workshop “Computational Modeling” at Warsaw University of Technology
— International Center for Formal Ontology (DOI: 10.13140/RG.2.2.22971.87848). Some
ideas and philosophical problems concerning computational modeling of phronetic ethics
were previously sketched in our article (Polak & Krzanowski, 2020).

3 We should be aware that improvement of a-robots ethical behavior do not remove
completely potential risks connected directly with machine ethics. For example (Cave,
Nyrup, Vold, & Weller, 2019) have described four broad categories of risks: “A) the risk
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that ethically aligned machines could fail, or be turned into unethical ones; B) the risk
that ethically aligned machines might marginalize alternative value systems; C) the risk
of creating artificial moral patients; and D) the risk that our use of moral machines will
diminish our own human moral agency.”

4 Behavior can be described and explained without making ultimate reference to mental
events or to internal psychological processes. The sources of behavior are external (in the
environment) rather than internal (in the mind, the head). (Graham, 2017) The ethical
limits of the UTM stem from the nature of the Turing Machine paradigm. It would seem
than that any extensions like non-deterministic TMs (NDTMs), choice-machines, and
oracle-machines (OTM) would not change the essence of the paradigm (i.e., eliminate its
limitations regarding ethical capacities), so there is no mental event in the machine that
forms the basis of human capacities (Searle, 1998).

5 “Contemporary psychology and philosophy largely share Hempel’s conviction that the
explanation of behavior cannot omit invoking a creature’s representation of its world. Psy-
chology must use psychological terms. Behavior without cognition is blind. Psychological
theorizing without reference to internal cognitive processing is explanatorily impaired.”
(Hempel, 1966).

6 This is the whole discussion of the Chinese room. It is too well known to be repeated
in detail here (Cole, 2019).

7 As an example, autonomous cars have access to 4 Terabytes of data per day with
the result that “self-driving cars will soon create significantly more data than people —
3 billion people’s worth of data” (Nelson, 2016).

8 Here we understand “computable” as meaning something that is implementable in
current computing systems and nothing else. The model for these systems could be UTM.
We need to note, that some parts of processing of ethical cases should be done by the em-
bodied and cultural embedded responses, which are obviously not “computable” according
to this naming convention.

9 Classical concepts (like Aristotle’s one) are especially pretended to modeling, because
they were a subject of detailed ethical analysis, which reveals many important philosophi-
cal assumptions of it. For example the action theory reveals that AMA should be equipped
with a conjunction of properties (e. g. freedom, consciousness).

10 To enmatter is “to endue with or confine in matter” https://www.merriam-webster.com
/dictionary /enmatter. Enmattered in case of ethics means that ethics does not deal with
abstract cases but actual situations.

11 «The decision in this case is not from universal principles to the case but from the case
to the universal principles (arguing to the first principles (7Topics 101a37-b4), not from
the first principles, as exact sciences do).” (Randall, 1965).

12 e., Ethics is not Euclidian geometry.
13 We use the formalism proposed by (Hibbard, 2015).

4 More detailed models have been defined (Arkin & Ulam, 2009).
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