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Abstract
The recent rapid evolution of artificial intelligence and its widespread application in
a multitude of domains led to the emergence of new heterogeneous systems where
humans cohabit with software agents. The logics needed in these new-generation
systems with intelligent behavior (AIs) have to accommodate reasoning about norms
and values: these considerations drive humans’ everyday life and decisions, we expect
artificial intelligence tools to operate in our society taking these considerations very
much into account. Some of these norms, like the legal ones, are mostly explicit, some,
however, just like the values behind them, are not: the moral, social and cultural
norms, while crucially affecting what people do and why, are usually not written,
especially not precisely phrased, sometimes even not consciously reflected. In order
to make the logics used for normative reasoning in artificial intelligence legitimate,
next to the mathematical and technological requirements of such a formal system, we
have to gather insights about these tacit or vague norms and values people reason
with. In order to do so, next to the usual theoretical methodologies of developing
new formal systems, data-driven and experimental methodologies with people, agents
and texts are also needed revealing both the norms and values, and the ways people
reason with them in different cultures. Engaging in this wide range of methodologies
realizing a cross-disciplinary endeavor serves the purpose of gaining a comprehensive
overview of what reasoning with norms and values is suitable for the new generation
of AIs.
Keywords: normative reasoning, deontic logic, reasoning with values, data-driven
approach, cross-cultural approach, cross-disciplinarity

1

Introduction

‘Artificial intelligence’ is used to describe the field studying and engineering
intelligent agents [36], and nowadays it used as well as a synonym for intelligent agents themselves, either software agents or physical robots. In the new
generation AIs, computer vision and machine learning play prominent roles,
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while at the same time being capable to represent knowledge and reason about
it. Moreover, these new generation AIs are characterized by natural interaction
with humans, and having significant social impact in the real world.
There are some key requirements that have been identified for these new
generation AIs. One is that the natural interaction with humans implies that
they can explain their behavior in an intelligent way to the humans they interact with, as well as to other AIs [4,22]. Another requirement, also implied
by operating within our society interacting with humans, is that their actions
be within the same normative framework as that of the humans’. Legal, moral
and cultural norms and values provide the framework for our society defining
the normative space of our actions, we expect the AIs’ actions also to be within
it, and their ability to reason with these norms and values to be a constituent
of their intelligence [26]. In order to make sure that the decisions made by
AIs are equipped with normative considerations, it is necessary to obtain and
represent the existing legal and ethical norms of our societies. Achieving this
goal requires facing and overcoming several challenges, though. While legal
norms are mostly written, moral ones are almost never, the values and preferences over them are often not even consciously reflected. Thus, a methodology
should exist for extracting norms, values and preferences from texts and from
people’s judgements and behavior.
Next to the norms themselves, preferences over these norms and values
construct the basis for normative reasoning. The task of reasoning about values
requires a parallel and highly connected endeavor when thinking about norms.
Value and preference are everywhere in our daily life, and the notions of value
and preference play key roles in research fields such as moral philosophy, and
psychology.
A resilient reasoning system should be non-monotonic to handle conflicts
between norms and values and should be able to reason on the meta-level too
where more than one normative systems could be applied [25]. Also, such a
reasoning system’s accuracy should be verifiable. The technologies of cognitiondriven and data-driven to establish a new model of value and normative reasoning research, and to combine value and ethical principle mining technology with
the data-driven model in the field of legal reasoning. Moreover, we can model
how an expected output, such as a set of ethical principles or a value preference, can be enforced given a multi-agent normative system and to investigate
the computation complexity of the model.
The norms and values are different in the different societies [7], within
those, they differ too in the different communities, and different stakeholders
of a given AI tool might have different normative considerations even within
the same community. Investigating and taking these differences into account
while developing reasoning systems leads to a comparative study as an output
of such a research project. This study is on similarities and differences of norms
and values in the context of multi-culture and compare the ethical principles
and normative systems between China and Europe, resulting from collecting
data and cases of artificial intelligence related to norms and ethics in China
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and Europe, and evaluating and improving the algorithms of the models with
instantiated data.
In the LNGAI project we adopt a non-monotonic logic to establish a value
and normative reasoning model. We establish a data-driven ethical decisionmaking model. We also establish a multi-agent system based on norms and
values and verify the accuracy of the system. Finally, in the LNGAI project we
make a comparative study on similarities and differences of norms and values
in artificial intelligence between China and European countries. This paper’s
layout is aligned to this research plan. During the discussion, we start from
the following rough definitions:
Def 1. AI(s) = system(s) with intelligent behavior.
Def 2. New generation AI(s) = AI(s) (1) based on perception, representation
and reasoning, and learning, (2) displaying natural interaction, and (3) having
social impact.
Def 3. Explainable AI(s) = AI(s) that can explain behavior in an intelligent
way to humans and other AIs.
Def 4. Legal, ethical, moral, social, cultural norms, normative system for AIs
= individual and collective expressions of what is usual, typical or standard
from the perspective of some discipline, institutions, organization, society or
culture.
Def 5. Value, preference for AIs = individual and collective judgments of what
is important in life.
Def 6. Deontic logic, preference logic for AIs = formal languages that can
be used for the logical analysis of normative AIs, describing logical relations
between the AIs and their rights and duties

2

Logic for Values and Norms

The prominent group of formalisms in normative reasoning is deontic logic.
The foundations of deontic logic was created in the 1950’s [43], embedded in
the modal logic tradition, and its later variant is still referred to as standard
deontic logic [15]. In this tradition, the main emphasis is on the obligations
and permissions and the basis of the semantics are possible worlds. These systems, while being rather intuitive, suffer from paradoxes, and fundamentally
monotonic. In the last decades, another tradition emerged in normative reasoning, closer to a rule-based approach, which explicitly refers to the norms
themselves [3,29,33]. Agent-based modelling, for instance, BDI (belief-desireintention) [34] can also be extended with the notion of obligation resulting in
BOID models [12].
In a dynamic and open environment, the normative system and the agent’s
value system are unknown and changing. Also, normative systems often operate with exceptions and has to handle possible conflicts within the system. Not
surprisingly, non-monotonic logics emerging in the 1980’s in the filed of computer science [37] was subsequently applied to normative reasoning in the form
of logic programming [5,39] and default logic [35,18]. But these formal languages based on computer programming are lacking in expressing ability and
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portraying diverse environments. In recent years, the formalism of argumentation theory and causal reasoning in norm and value reasoning has gradually
attracted attention [9,24]. However, this work is still relatively preliminary.
Thus, how to use the latest theories and methods of non-monotonic logic, formal argumentation systems and causal reasoning to carry out norms and values
in an open and dynamic environment for reasoning with norms and values has
not yet been systematically studied.
The so-called LogiKEy: Logic and Knowledge Engineering Framework and
Methodology is also a recent development for designing and engineering ethical/legal reasoners, normative theories and deontic logics [10]. LogiKEy provides an integrative framework and methodology for using and developing new
logics for reasoning with norms making it possible to continuously check the
results against the ethical or legal theory we start from. Thus, LogiKEy is an
essential asset when thinking about how the new generation AIs should reason about norms. It was created from an application-aiming approach, and
it has the potential to revolutionize the area of deontic logic by addressing
directly the decades-long challenge of how deontic logics and normative theories can be used in computer science applications. In the meantime, though,
LogiKEy doesn’t shift the focus from the theoretical basics: its pivotal property
is the overarching nature. The unifying formal framework LogiKEy offers is
based on semantical embeddings of deontic logics, logic combinations and ethical or legal domain theories in expressive classical higher-order logic (HOL).
This meta-logical approach enables the provision of powerful tool support in
LogiKEy: off-the-shelf theorem provers and model finders for HOL are assisting
the LogiKEy designer of ethical intelligent agents to flexibly experiment with
underlying logics and their combinations, with ethical or legal domain theories,
and with concrete examples at the same time.
The task of reasoning about values requires a paralel and highly connected
endeavor when thinking about norms. Value and preference are everywhere in
our daily life, and the notions of value and preference play key roles in research
fields such as moral philosophy, psychology, decision theory, game theory, and
social choice. Value is often expressed as monadic preference, such as “I prefer
to go to the West Lake”, “the committee prefers to make its decisions available
on the website”, “it is preferred to be honest”, or “people prefer symmetric
faces”. Preference is usually expressed in terms of a comparison between two
objects or situations, using comparative statements such as “If we are served
duck, then I prefer rice over noodles”, or “peace is preferred over war”.
Preference logic formalises reasoning about value and preference statements.
Reasoning about preference is challenging, both conceptually and computationally. Some of the conceptual challenges are the aggregation of preferences, the
change of preference, or the definition of the ceteris paribus proviso. Examples of computational challenges are efficient querying of preference, preference
elicitation, communication of preference, and non-monotonic reasoning about
preference.
Traditionally the emphasis in reasoning about value and preference was on
123

Markovich, Najjar, and van der Torre

5

intrinsic preference, but more recently the emphasis has shifted to extrinsic
preference. Roughly, extrinsic preferences are based on reasons, while intrinsic preferences are not. For example, Von Wright’s logic of preference [46] is
explicitly restricted to intrinsic preferences in the sense that he considers preferences not having an extrinsic reason or motivation, whereas in deontic logic
the preference ordering is derived from a set of norms in norm-based semantics
[28]. In general, the logic of extrinsic preference makes the reasons explicit, and
thus reasons about both preference and the reasons for preference. In moral
reasoning, value may be one of the reasons behind norms.
As a consequence of making the reasons for extrinsic preference explicit, the
formalisation of value and preference change has become a central concern for
preference logic as well. For example, extrinsic preferences may be changed by
commanding or promulgating norms. In general, extrinsic preferences change
when the reasons change, or when the priorities amongst these reasons change,
whereas intrinsic preference cannot change in the same way. Contextual or
intrinsic preference may change due to changing beliefs. A person may prefer
to pursue an academic career, but adjust his preference if he learns about the
consequences of being a professor.
Finally, preference often comes with a ceteris paribus proviso, which refers
to the condition of “other things being equal”. Therefore, in preference logic
special attention is given to ceteris paribus preference. Moreover, to formalize
the use of value and preference in practical reasoning, the logic of preference
needs to be developed further, for instance, combined with the logic of belief.

3

Data-driven Ethical Decision-making

With the rise of complex AI systems and the advancements of their autonomy,
the issues of ethical decision-making is receiving growing attention since, as it
the case with human decision makers, these systems can be confronted with
critical situations in which the decisions to be made can have heavy ethical
consequences. These type of situations are also knows as moral dilemmas in
which, for example, a self-driving car needs to take a decision in a critical
situation where human life is at stake. Traditionally, the normative systems
and deontological logics governing the behavior of these proposed systems relied
on complex ethical principles and policies that should be formally specified
[16,8]. Nevertheless, the problem of endowing AI system with the capacity
to make ethical decisions has remain a challenging tasks for the past years
[44]. This issue is further complicated by the fact that ethical principles are
often dynamic, across cultures, geographies, as well as other human related
factors (e.g., gender). These differences were elegantly highlighted by the Moral
Machine experiment [7].
The recent breakthroughs in big-data and machine learning made their
way into AI ethics and novel data-driven approaches have shown remarkable
preliminary results promising to tackle practical solutions. In this context,
data are not only used evaluate the outcomes, but are also used to produce
new inference models. More specifically, in many cases, it is difficult to rely on
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formal specifications to reflect the actual decision making situation as implied
by the real-data sensed by the agent. Instead, machine learning mechanisms are
used to mine implicit reasoning patterns in the data and use them to predict
new cases. The quantification and modeling of such norms and values can
be performed via machine learning and parametric techniques using Inverse
Reinforcement Learning (IRL) [1], imitation learning [42], inverse game theory
[45], and norm inference [20].
Despite these recent advances, many challenges persist:
C1 Data-hungry algorithms: Most of off-the-shelf machine learning mechanisms require big training datasets. Thus, when applied for Data-driven
ethical decision-making, these mechanism would require training datasets to
be representative of societal choices and ethical values [32].
C2 Human-Trained Machine Learning: Human behavior and performance
should provide the baseline to teach the AI and benchmark its behavior
against humans. However, most of existing works fail to define and measure
human operator performance in real-time context [8]. Moreover, in some applications, value and its ranking are the tacit knowledge possessed by human
participants. Contained in the data related to the subject, it is difficult to
express in a formal way, and it is also difficult to obtain and process.
C3 Context-dependence:
Ethical decision-making is mostly contextdependent. Thus, compared to the often brittle traditional approaches,
data-driven mechanisms are easier to adapt to dynamically changing scenarios. However, this necessitates that training data are representative of
the different contexts.
C4 Black-box Machine Learning Mechanisms: most of machine learning mechanisms used for data-driven ethical decision-making are blackbox mechanisms whose inner-workings are subsymbolic and, therefore, nonunderstandable by humans.

4

Norm- and Value-Based Multiagent Systems

In dynamic, open and heterogeneous societies, agents are expected to be collaborating with other agents (human and artificial agents). This is the case,
for instance, of self-driving cars, medical robots, and home service robots who
all demonstrate autonomous capabilities. In these application scenarios, there
are often interactions and collaborations between multiple intelligent agents,
in the emerging, dynamic, open and multi-agent system, the autonomous behavior and decision-making of each intelligent agent may have a huge impact
on society. If left unchecked, self-interested agents my cause harms to others
while trying to seek their goals. Similar to their roles in human societies, norms
provide a means to regulate agent behavior [27] and make them conform to certain social expectations at the ethical and legal levels. Thus, the results of the
face-to-face output conform to certain social expectations at the ethical level,
such as: the need to add norms to the system to guide the overall behavior
of the system, and to monitor and control the behavior of intelligent agents.
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Nevertheless, developing normative multi-agent system raises a specific set of
challenges:
C1 Norms in Open vs Closed Agent Societies: Often, traditional normative systems are designed for closed societies whose value system becomes
the basis for the normative system. The rules stipulated reflect the general
importance of society. But when the environment in the society is open,
which is the case of most of multi-agent systems, we cannot guarantee that
the individual agents entering the society have the same value system as the
society. (e.g., when a self-driving car enters a new traffic environment). Detecting and resolving this conflict arising between the two normative systems
and ensuring that individual agents have compatible value systems in order
to ensure that the overall behavior of the society meets our expectations are
open challenges.
C2 Legalistic vs interactionist view of norms: The former considers that
the normative agent system as a regulatory instrument regulating the emerging behavior of open systems without enforcing the desired behavior. In such
a case, agents are often motivated by sanctions to stick to norms, rather than
by their sharing of the norms, whereas the later (the interactionist view) is a
bottom-up approach in which norms can be seen, as regularities of behavior
which emerge without any enforcement system because agents conform to
them either because (i) their goals happen to coincide (ii) because they feel
themselves as part of the group (iii) or because they share the same values
of other agent. In this case, sanctions become not always necessary even for
norm violation [11,13].
C3 Subjective and Cross-cultural differences: as has been shown by recent
user studies [7,21], norms tend to be dependent on factors such as culture
(i.e., European vs east Asian), to be context-dependent and application dependent, and to be different from one user to another. In order to cope with
this challenge, it is necessary to study the relationship between the subject’s decision-making based on the value system and norms and the overall
behavior of the system.

5

Evaluation in Multi-culture

The existing research on norms and value reasoning is generally based on a specific geographical or cultural background [23,6]. But norms and values greatly
differ in and of the different countries, societies, communities, and individuals. This aspect has to be taken account when developing formal systems of
reasoning with norms and values.
Law is a geographically-socially determined system of norms: the legal
systems—both on the level of (constitutional) values and the very norms based
on the former—are different in the different countries. These dissimilarities are
especially strong between countries with different histories, cultural and political backgrounds. And while it would be rather difficult to take all countries’ all
norms and values into account, aiming for a cross-cultural reference and con126
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sidering some relevant differences between China and the European countries
is definitely feasible and needed for a comprehensive approach of an adequate
normative reasoning within AI.
One might expect that ethics is less divisive than law, but apparently this
is far from sure. The well-known and often discussed Moral Machine[7] is a
cross-cultural study of ethical norms and values based on self-driving car scenarios. While there are many critical opinions regarding its methodology, the
simulation[8], and the questions used in the experiment, what the study apparently clearly shows is that there are no globally valid ethical considerations,
moral norms. The Moral Machine experiment and study concerned a specific
environment of self-driving cars with different scenarios realizing variants of
the so-called Trolley Problem[14], so one might think that one a higher, or
more abstract level, the values and norms might converge. But an investigation of 84 newly written ethical guidelines it was found that while there are
some emerging values, “no single ethical principle appeared to be common to
the entire corpus of documents”.[19] Next to the object level of—specific or
abstract—norms, cultural and historical differences might affect the meta-level
considerations too: what source should be accepted as a source of valid norms,
who can and should decide about what norms should drive the mechanisms of,
for example, autonomus systems.
This takes us to different tasks when developing formal models of reasoning
with norms and values for new generation AI. One one hand, we need to take
these differences into account when considering and collecting the norms and
values themselves. There might be differences also in the way people reason
with the norms and values in the different cultures and these possible differences
have to accommodated too, but first data need to be gained on the existing
dissimilarities. On the top of it, we need a resilient reasoning system which,
optimally, is not only applicable for different ways of reasoning with norms and
values, but also applicable in situations where meta-reasoning is needed about
what norms and values should be applied in the reasoning. On the other hand,
these differences have to be taken into consideration when verifying the reasoning system: it has to be checked against different benchmark examples coming
from different cultures and evaluated in different environments. Collecting data
as input for developing an adequate reasoning system and the results of its evaluation against the different cultures and their norms and values will provide
an extensive comparative study between China and the European countries.
For taking this aspect seriously, one needs to establish methods for collecting
data from different cultures and for evaluating the adaptability of the formal
model in a cross-cultural context to answer the question: how does the model
perform in different geographical and cultural contexts?
To do so, the we identify the following steps:
(i) Devise new metrics allowing to measure how adaptable a formal model to
different cultures, and how data can be collected in an invasive-less manner. A similar endeavor is being conducted in the domain of explainable
AI where new metrics are being defined [17] to measure the satisfaction
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and trustworthiness inspired by an explanation. In addition, a distinction
is made between objective and subjective understandability, thereby giving room for personal and perhaps inter-cultural differences with regards
to explaination reception and understandability.
(ii) Psychometric scales and statistical significance: when conducting user
studies, adequate answer scales should be selected. Moreover, the statistical significance of the outcomes should be tested. One good option is
the Likert scale [2]. The latter is commonly used in research and surveys
to measure attitude, providing a range of responses to a given question or
statement. The typical Likert scale is a 5- or a 7-point ordinal scale used
by participants to rate the degree to which they agree or disagree with a
question or a statement. While the Likert scale is widely used in scientific
research, there has been a long-standing controversy regarding the analysis of ordinal data [41]. In fact, analyzing the outcomes of the Likert scale,
and the use of parametric tests to analyze ordinal data in general, has been
subject to an active and ongoing debate. In order to adequately obtain
the user answers, the psychometric scales to be used should be selected,
and the methods used to establish the statistical significance should be
updated accordingly.

6

Towards Reasoning with Norms and Values in New
Generation AIs All Around the Globe

Norms and values drive humans’ everyday life and decisions. Since newgeneration AIs operate in our society and cohabit with humans, we expect these
new generation AIs to take norms and values into account, and their logics have
to accommodate reasoning about these norms and values. Despite the recent
move to discuss AI from interdisciplinary standpoint covering ethical, legal and
societal aspects, most of this engagement originates from Euro-American scholars with obvious influences from the Western epistemic tradition. This results
in the marginalization of non-western knowledge systems in the study of AI
ethics.
In order to make AI acceptable for global audience, several barriers and
centrisms needs to be overcame and a more inclusive approach involving east
Asia, but also Africa and the middle-east should be devised. The resulting
intercultural approach to the ethics of AI should inform the formation of policies
and guidelines to regulate the design and use of AI. This research direction has
been recommended by several recent initiatives from IEEE[40] and UNESCO
advocating a global instrument on the ethics of AI, which would also serve as
guidelines for practitioners, governments and policy-makers.
These differences, profoundly shape the nature of contributions to the field
on issues of data privacy, social robotics, conceptions of artificial moral agency,
moral status and patiency, autonomous weapons systems, big data and the
likes. For instance, as noted by Metz [30,31], there are recurrent salient features that can be found in many sub-Saharan cultures that are not found (in
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the same way) elsewhere in the world. This does not mean these features cannot be found in other cultures, it just means that they are more recurrent in
Africa. The same can be said of Western, Middle Eastern and South-East Asian
cultures[38]. Hence, both Afro-ethical (e.g. Ubuntu traditions) and Confucian
ethical systems share similarities since both are collectivists systems whose
normative principles rest heavily on a collectivist disposition notably when it
comes to determine right or wrong action. In contrast to Western ideals, built
on advancing individualism following the age of enlightenment and the values
spread by the industrial revolution, Afro-ethical and Confucian moral values
share principles that advance collective progress, harmony and group cohesion.
Also, to accommodate the clearly existing differences between the different cultures, we have to gather insights also about the tacit or vague norms
and values people reason with in order to make the logics used for normative
reasoning in artificial intelligence legitimate. In order to do so, next to the
usual theoretical methodologies of developing new formal systems, we need to
engage with data-driven and experimental methodologies with people, agents
and texts, in order to reveal both the norms and values, and the ways people
reason with them in different cultures. Employing in this wide range of methodologies realizing a cross-disciplinary endeavor serves the purpose of gaining a
comprehensive overview of what reasoning with norms and values is suitable
for the new generation of AIs.
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