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Abstract

In the literature of artificial moral agents (AMAS), most work is influenced by either
deontological or utilitarian frameworks. It has also been widely acknowledged thatthese
Western “rule-based” ethical theories have encountered both philosophical and
computing challenges. To tackle these challenges, this paper explores a non-Western,
role-based, Confucian approach to robot ethics. In this paper, we start by providing a
short introduction to some theoretical fundamentals of Confucian ethics. Then, we
discuss some very preliminary ideas for constructing a Confucian approach to robot
ethics. Lastly, we briefly share a couple of empirical studies our research group has
recently conducted that aimed to incorporate insights from Confucian ethics into the
design of morally competent robots. Inspired by Confucian ethics, this paper argues that
to design morally competent robots is to create not only reliable and efficienthuman -
robot interaction, butalso a robot-mediated environmentin which human teammates
can grow their own virtues.

Keywords: Confucian ethics, Applied ethics, Robot ethics, Artificial moral agents,
Comparative studies

In the literature of artificial moral agents (AMAS), most work is influenced by either
deontological or utilitarian frameworks (Vallor, 2018). It has also been widely
acknowledged thatthese Western “rule-based” ethical theories have encountered both
philosophical and computing challenges. Most notably, these frameworks often struggle
to “accommodate the constantflux, contextual variety, and increasingly opaque horizon
of emerging technologies and theirapplications” (Vallor, 2018, p. 209). To tackle these
challenges, this paper explores a non-Western, role-based, Confucian approach to
robot ethics. In contrast to the Western philosophical approaches to robot ethics (or
ethicsin general) that focus on “defin[ing]whatthe good is” and worry about “how one
can come to know the good,” Chinese philosophers represented by Confucian scholars
are more interested in the problem of “how to become good” (lvahoe, 2000, p. ix).
Inspired by Confucian ethics, this paper argues that to design morally competent robots
Is to create notonly reliable and efficienthuman-robotinteraction, butalso a robot-
mediated environmentin which human teammates can grow their own virtues.



We argue that exploring a Confucian approach to robot ethics has critical values
in a variety of ways. For instance, philosophers have recently argued that Confucian
ethics can provide other alternative ways of thinking about ethical issues associated
with robotics. As argued by Pak-Hang Wong, “if the philosophy of Al and robotics only
comes from the West, that won’tbe enough, because itwon’talways apply to non -
Western countries... And you miss opportunities to think in differentways about
technology” (Cassauwers, 2019). In other words, Confucian ethics along with othernon-
Western ethical resources can enrich the moral imagination of roboticists and enhance
their capabilities to define and engage ethical issues in designing robotics from
culturally diverse perspectives.

Another crucial value for studying Confucian robot ethics is concerned with the
powerful role that China and other cultures with the Confucian heritage (CHCs) such as
Japan, Korea, and Singapore assume in the global market and the global robotics
community. Understanding Confucian ethics is critical for understanding how
policymakers, industrial entrepreneurs, scientists, and the publicin CHCs view and
accompany robotics.

In this paper, we start by providing a short introduction to some theoretical
fundamentals of Confucian ethics. Then, we discuss some very preliminary ideas for
constructing a Confucian approach to robot ethics. Lastly, we briefly share a couple of
empirical studies ourresearch group has recently conducted that aimed to incorporate
insights from Confucian ethics into the design of morally competent robots.

Confucian ethics: Theoretical fundamentals

In recent decades, philosophers have employed various approaches to engaging
Confucian ethics ranging from overtly historical or textual approaches to comparative
approachesthat put ideas from the classical period into conversation with contemporary
Western ethical, social, and scientific theories (Mattice, 2019). Scholars have tried to
understand Confucian ethics as a species of deontology, virtue ethics, or care ethics
(Mattice, 2019). Until very recently, scholars have attempted to theorize Confucian
ethics as a kind of role-based moral theory (Ames, 2011; Rosemont& Ames, 2016).
The role-based approach to Confucian ethics is one of most recent efforts to reinterpret
and rediscover the value of Confucian ethics. Confucian role ethics argues that we as
humans were born into a web of social relationships. These social relationships have
normative implications and they prescribe specific moral responsibilities forusin the
communities we belong to. Ames (2011) argues that the term person itself is relational
and social (e.g., itis hard to call a human “person”if she is the only human in the world).
For instance, the father-daughter relationship does not only have descriptive values
(e.g., describing an objective relationship between me and my daughter) but also has
normative implications (e.g., what a healthy father-daughter relationship looks like, what
expectations about being a good father are, what | should do to live my role as a father).
Therefore, the Confucian ultimate goal of becoming a good person depends on to what
extent we live well our social roles and practice well the moral responsibilities
prescribed by these social roles.



Relationships, contexts, and social roles are crucial in Chinese philosophy
especially Confucian ethics. The cultivation of the moral self including various virtues

such as the principal virtue ren ({Z, benevolence, goodness, or humaneness) takes

place in the development of relationships (Lai, 2017). A person seldom grows her

virtues at home by herself through her own individual actions and reflections. Instead,
reliable virtues are required to be cultivated, tested, and enhanced in her interactions
with others in specific contexts while living hercommunal roles. As a father, | learn

virtues that define a good father not from reading books butfrom interactions with my
daughter. The term fatheris coexistentwith the term daughter. My daughter provides
me with opportunities to develop the virtues that are required for being a good father.

Cultivating virtuesisthus a rog'ect thatis engaged in concert with others. _
Compared to most Western ethical approaches that focus on moral reasoning

and justification, Confucian ethics places more emphasis on moral practice and
practical wisdom. What is central to Confucian ethics is the moral development model
that consists of three interrelated components: observation, reflection, and practice
(Zhu, 2018). In other words, one must carefully observe how people in the society
interact with others and reflect on whether and how their daily interactions with others

are in accordance with li (L, rituals or ritual propriety). The appropriate practice of

rituals manifests virtues, whereas virtues underlie and guide the practice of these
rituals. Then, one needs to incorporate her reflective learning experience into her own
future interactions with others and test to whatextent she has grasped the appropriate

ractice of rituals and their underlying moral vjrtues.. . .
P Eor Eor?flu C|ansn| or ritu alsyarg crucial #or et?ucs practice and they are the social

norms that are rooted in historical traditions and have been widely recognized as
morally accepted norms in specific cultural contexts (Lai, 2003). Therefore, virtues (e.g.,
ren) and li are independentof each other (Lai, 2017; Shun, 1993). To demonstrate that
one understands well avirtue such as ren, one needs to express it through appropriate
ritual practice in herinteractions with others. Conversely, her manner of interaction with
others indicates her grasp of the virtue of ren. In this sense, Confucian criteria for
evaluating one’s moral developmentare social as they depend on to whatextent people
comprehend and appropriately practice rituals in their social interactions. In other words,
someone who fails to or is unwilling to reflectively practice rituals misses opportunities
for moral growth and thusis not a responsible person.

If the ultimate goal for Confuciansisthat oneis always striving to become a good
person through reflective learning in social interactions, then the question becomes
whethereveryone has the equal opportunity to achieve such goal. As a follower of
Confucius, Mencius advocated for a kind of moral egalitarianism and believed that all
human beings have the equal potential to become good if they devote themselves to
intentional moral efforts (Munro, 1969, p. 15). To Confucians, what characterizes the
personhood is not so much aboutone’sinnate andinalienable individual human rights
as most Western political and ethical theories would emphasize. Instead, Confucians
think thatit is one’s intentional efforts to strive for a good person that defines her
personhood. Simply eating and sleeping without much reflective thinking will not make
someone a true person (at least it is not a kind of person whose life is worth living).



Toward a Confucian robot ethics

A recent essay published in OZY by Tom Cassauwers (2019) aimed to reexamine
ethical issues associated with robotics from two Eastern schools of thought:
Confucianism and Buddhism. This essay includes interviews he conducted with multiple
Eastern philosophers including two Confucian scholars Pak-Hang Wong and Heup
Young Kim. An important theme in Confucian ethics of technology acknowledged by
both Wong and Kim is that technology is never value neutral and ithas crucial
instrumental value that helps people acquire virtues such as ren and cultivate the moral
self (Cassauwers, 2019). For instance, Wong mentioned an example in a recent
redesign of Amazon’s virtual assistant Alexa: designers have developed a new feature
“‘politeness feature” for Alexa which will make Alexa only respond to people who speak
to Alexa politely. Wong argues that such minor design could be made by a Confucian
(Cassauwers, 2019).

Nevertheless, arguably, there remains a question whetherthese Amazon
designers were actually inspired by Confucian ethical theories or more specifically
Confucian moral psychology. Such question is worth exploring asit is relevantto the
argumentdiscussed earlier that relationships and contexts are important for Confucian
ethics. The effectiveness of Alexa’s politeness feature may be dependenton the
specific role Alexa plays in a context and the relationship between Alexa and the human
interlocutor. | as the fatherrefuse to respond to my daughter’s impolite request might
have different moral impacts on herthan if a stranger does the same reaction.
Philosophers of technology such as Peter-Paul Verbeek would agree that design
engineers do have the obligation to imagine the potential relationship that will be
constructed between technology and its user and how such relationship affects the
moral perception and behavior of the user (Verbeek, 2006).

What people are often overlooking is the relational nature embedded in the
design of most robots especially social robots which are being integrated into our
society. When robots are being designed, certain relationships are imagined, defined,
and assigned to those robots and these relationships are often determined by the use
contexts of robots and the specific roles robots are expected to assume in these
contexts (e.g., healthcare robots). Dumouchel and Damiano (2017) recently argue that
social robots such as Geminoid and Paro can only truly interact with other agents, and
not with objects. Unlike humans, these robots have no relation to the world but to their
human partners. These robots were mainly created for the interaction or relationship
with human partners. It is the interaction or relationship between robots and their human
partners that makes the existence of these robots. In this sense, we suggest that
roboticists should notonly leverage the traditional, dominant approaches to developing
AMAs that focus on integrating rule-based morality, but also consider an alternative
approach to designing morally competentrobots based on the role responsibilities
prescribed by the relationships robots have with human teammates in specific use
contexts.

Philosopher JeeLoo Liu (2017) constructed three principles for Confucian robotic
ethics that are based on the role moralities of robots:

[CR1] A robot must first and foremost fulfill its assigned role.



[CR2] A robot should notact in ways that would afflictthe highest displeasure or
the lowest preference onto other human beings, when other options are available.

[CR3] A robot must render assistance to other human beingsin their pursuit of
moral improvement, unless doing so would violate [CR1] and [CR2]. A robot must also
refuse assistance to other human beings when their projects would bring outtheir evil
qualities or produce immorality.

Liu’s three Confucian robotic ethical principles well integrate major elements of
Confucian ethics we introduced in the last section. A moral competent robot is expected
to be able to fulfill its assigned social roles. Such fulfilment of social roles for this robot
is notisolated from butin concert with other humans. For humans, self-cultivation is not
an individual buta social project which the robot can contribute to. In other words, the
interaction between the robot and its human teammate is indeed crucial forthe human’s
pursuitof moral development. A socially integrated robot is expected to be sensitive to
the norms shared within human communities and contribute to the evolution of these
norms.

Confucius would probably argue thata social robot who is not capable of
rendering assistance to humans in their pursuit of moral improvementis notworth being
a companion forhumans. Such judgment of the moral quality of the robot is comparable
to Confucius’s thesis that moral cultivation is essential to friendship. Interestingly,
philosophers David Hall and Roger Ames (1994) argue that Confucian friendship is
hierarchical despite that the hierarchy in friendship is differentfrom that in other four
Confucian relationships such as the father-son relationship. The hierarchy thatexists in
friendship recognizes that difference exists in the level of moral excellence between
oneself and herfriend (Lu, 2010). That is partly why Confucius said “do not accept as a
friend one whois not your equal” (Analects, 1.8). Here, friendship as a relationship does
have instrumental value, that is, a good or worthwhile friendship often provides
opportunities and resources for the cultivation of the moral self. If we treat friendship as
a paradigmatic case for the relationship between most social robots and their human
teammates, then shouldn’twe always strive to find robots who are capable of makingus
better people? Social robots may be distinguished in terms of their different capabilities
of completing tasks. However, we argue that they should also be distinguished by their
different capabilities of exerting positive impacts on the moral developmentof their
human teammates.

The emerging literature in responsible innovation suggests thatdesign is a “far
richer process” as it realizes both functional requirements and moral values.” Designers
not only “can provide us with technical means butalso can address the values of people
and society and think aboutexpressing them in material culture and technology” (van
den Hoven, Vermaas, & van de Poel, 2015, p. 3). Therefore, roboticists should not
simply consider robots as efficientmeans to help human users complete tasks.
Moreover, for designing a social robot, roboticists need to consider other morally
relevantissues such as:

e What social role is such robot expected to assume in its use context?



e What are characteristics or “traits” of this robot that defines itas a morally
competent or “good” robot? How does the assigned role of the robot prescribe or
specify these characteristics or “traits™?

e Whatkind of person is the human teammate becoming through her everyday
interaction with the robot?

Social robots can be considered as companions with whom humans spend a lot of time.
Nevertheless, does that mean a truly socially integrated robot has always to be polite
and please its human teammate, even when the human teammate proposes morally
guestionable requests? Alistair M. C. Isaac and Will Bridewell (2017) point outthat
“standing norms” (baseline rules for effective human conversations such as “being polite
or informative”) are important for robots to be truly socially integrated and effectively
communicate with humans. However, they also note that in meaningful conversations
ulterior motives often are more fundamental to and thus supersede these standing
norms. In other words, when designing strategies robots employ to respond to human
requests, roboticist need to consider the ulterior motives (e.g., being a good companion)
that are communicated through robotresponses to human requests, in addition to the
standing norms that are expected to be followed by robots and human teammates.

Therefore, is it okay for robots to blame morally questionable requests proposed
by their human teammates as a person would do to another person (e.g., a friend)?
From the Confucian perspective, one may argue that the way in which the robot
responds to the human requestis highly contextual and it depends on a variety of
factors such as: underwhat contextthe human teammate asks the request, what role
this robot plays, whatrelationship the robot and the human teammate has established,
the level of ethical sensitivity the human teammate exhibits, and how much the robot
‘knows” the nature or personality of its human teammate. It is also worth noting thatthe
relationship between the robot and its human teammate may also change as they
interact with each other on the daily basis. For instance, if the relationship between a
robot and its human teammate is reliable and trustworthy which is comparable to
friendship in the Confucian sense, then it mightbe justifiable that the robot should be
able to remonstrate with or blame its human teammate. Arguably, the role responsibility
of the robot prescribed by its relationship with the human teammate encourages the
robot to be responsible forthe moral developmentof the other one who also contributes
to such relationship. This argumentis supported by Liu’s third Confucian robotic ethical
principle we mentioned earlier.

To some extent, despite the importance of role responsibility in Confucian ethics,
Western philosophers hold differentviews on the connection between social roles and
relationships and autonomous moral agency. To Western philosophers such as
Dumouchel and Damiano (2017), the social roles and relationships assigned by
roboticists to robots make robots less independentand thus have less moral agency
which is fundamental for most Western political philosophical concepts such as liberty
and autonomy. As discussed earlier, social robots are often designed to work in specific
circumstances and serve certain purposes for humans. They are not independentand
do not have or pursue their own goals. Dumouchel and Damiano (2017) argue that only
robots with no explicit purpose may have autonomous moral agency comparable to



human personhood. Nothaving an explicitand predetermined purpose indicates that
these robots are free to do anything they want.

In contrast, Asian philosophies pay less attention to the individualistic and liberal
assumption of moral agency or personhood and instead they place more emphasis on
the importance of social roles and relationship to personhood. Arguably, Asian
philosophies such as Confucianism and Buddhism may provide possibilities “for
nonhumans [such as robots] to reach the status of humans” (Cassauwers, 2019). As
argued by Wong,

In Confucianism, the state of reaching personhood isnota given.You needto
achieve it. The person’s attitude toward certain ethical virtues determines
whether or not they reach the status of a human. Thatalso means that we can
attribute personhood to nonhuman things like robots when they play ethically
relevantroles and duties as humans (Cassauwers, 2019).

Philosophical justifications for personhood in the West and the East may furtherlead to
cultural differences in the public perceptions of robots. Spanish philosopher Jordi
Vallverdd notices the cultural differences in human perceptions of robots between East
and West: “Westerners are generally reluctantaboutthe nature of robotics and Al,
considering only humans as true beings, while Easterners more often consider devices
as similar to humans” (Cassauwers, 2019).

Confucianethics and designing morally competentrobots

In this section, we are trying to provide some practical examples that demonstrate
possible ways in which Confucian ethics can help to understand, inform, and shape the
design of robots, and how this design process can help usrefine our understanding of
Confucian ethics.

One of the fundamental activities undertaken by robot designersis the
identification, refinement, and application of design patterns (Alexander, etal., 1977;
Borchers, 2000; Kahn, et al., 2008): abstract patterns of human interaction with the
physical and social world that can be flexibly instantiated, nested, and combined. Kahn
et al. (2008) list claiming unfair treatment or wrongful harm as one of the key design
patterns for social robots, alongside common activities such as initial introductions,
didactic communication, and recovering from mistakes, and describe how this key
interaction pattern of protest can be instantiated from both deontological and
consequentialist perspectives in order to assert a robot's moral standing.

This design pattern is itself just one example of the broader design pattern of
identifying unfair treatment or wrongful harm, i.e., protesting an action notnecessarily
on the basis of unfairness or harm towards oneself, butmore generally on the basis of
some identified unfairness or harm. In our own work, we have examined the tradeoffs
between differentinstantiations of this design pattern. Specifically, we have looked at
different Speech Act-theoretic (Searl, 1969) that robots might reject commands and
requests when they are identified as harmful, examining the differential effects of



phrasing rejections as questions, statements, or rebukes (Jackson, Wen, & Williams,
2019).

Butcritically, as identified by Kahn etal., this design pattern can also be
instantiated according to different ethical frameworks. Accordingly, this design pattern
presents an excellenttesting ground for applying and evaluating the effectiveness of
different ethical frameworks. In recent work, we have accordingly begun to examine
how humans perceive robot rejection of inappropriate commands when those rejections
vary notonly accordingto Speech Act theoretic phrasing, butalso according to
underlying ethical framework (Wen, Jackson, Williams, & Zhu, 2019). For example, ifa
robot serving as an instructor is asked to perform an action that constitutes or facilitates
cheating, it may issue a question-phrased rejection in multiple ways: asking “Wouldn’t
that be cheating?” draws direct attention to the norm that would be violated if the
directive were accepted, whereas “Would a good instructor do that?” instead draws
attention to the robot’s role, only directly highlighting the prohibitive norm. While our
preliminary results suggest that these role-based norm violation responses lead humans
to perceive robots as better fulfilling their professed roles, we have not yet found any
evidence to suggest that role-based responses lead to any other effects that we might
expect, such as increased mindfulness and self reflection. In our currentwork, we are
designing experiments that more fully address cultural, contextual, and temporal
considerations that may have prevented us from observing these other hypothesized
effects. If our experiments elicitour hypothesized effects, this will serve as a strong
argumentin favor of robotic moral language generation grounded in role-based
frameworks such as Confucian ethics.

Robot designersinterested in enabling moral language generation grounded in
Confucian ethics must make design decisions thatarticulate different positions and
priorities within the Confucian perspective. First, Confucian ethicsis arole-oriented
paradigm, and thus designers mustdecide whatroles are appropriate for robots to play

within human society. In Confucian classics, five cardinal relationships (wulun, F{8) are

delineated: ruler-minister, father-son, husband-wife, older-younger, and friend-friend.
For human-robotrelationships, designers must articulate an equivalent set of cardinal
human-robotrelationships, e.g. supervisor-subordinate, owner-ownee, adept-novice,
teammate-teammate, and friend-friend. Critically, a designer’s choice of represented
relationships may impact notonly the contents of robots’ norm violation responses, but
the decisions asto whetherthose responses are generated in the first place. For
example, from the pointof view of Confucian ethics, if the friend-friend relationship
holds between agents A and B, then A has the role ethics of remonstrating with B when
A observes B committing or proposing wrongdoing: this remonstration is a requirement
for A to be a good friend of B. Thus if designers choose to include friend-friend among
the cardinal human-robot relationships they choose to represent, then this may affect
the frequency with which those robots should choose to respond to proposed norm
violations, and may impact the Speech Act-theoretic phrasing thatrobots should usein
such circumstances (i.e., blame-laden moral rebukes may be necessary for proper
remonstration when the friend-friend relationship holds between arobot and its
observed norm violator).

Second, Confucian ethics espouses multiple competing objectives that may
conflictwith each other. For example, Confucian ethics emphasizes both self reflection



and emotional display of role commitment. When phrasing arejection from a role-based
perspective, itis possible to differentially encourage these different outcomes: by using
a role-based interrogative (e.g., “Would you be a good friend if you did that?”), the robot
may be able to encourage more self reflection; while when using arole-based rebuke
(“You are a bad friend for asking me to do that!”) the robot may instead demonstrate
more emotional commitment to its role (and provoke a greater emotional response). The
process of designing a robot that must respond to unacceptable commands thus forces
usto think critically notonly about what constitutes an ethical response, butalso about
how differentaspects of an ethical framework may conflict with each other or be chosen
between. Moreover, this provides us an opportunity to interrogate those ethical
commitments. Ultimately, we must ask ourselves whether Confucian principles such as
encouragement of self-reflection and emotional demonstrations of role adherence are
the end goals we strive to achieve, or whetherwe are only seeking to achieve these
goals because we believe they will lead others to take more role-fulfilling actionsin the
future. If our goal is the former, we can use the design, implementation, and evaluation
of ourcomputational models to identify whetherthose policies actually lead robots’
interactants to achieve those principles;if our goal is the latter, we can further examine
whetherachievement of those intermediate principles actually correlates with
achievement of our overarching societal goals. Such examination may allow the
ethically-informed design process to feed back and inform the ethical framework itself,
by quantifying the relative merits of the intermediate principles espoused by that
framework.
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Xa XMXXXXNX N Ygtk c /X MIXKKXNX+ G & KXKNXKXXNXXNX
XXKXMXNKX+ a Mo MMXNKXMMNNMXNXE Xi KXMMNMXX
XXKXMXo KXMXNKNMMXNKNXMG MXNMMNMXNME XXX
NMu Xi 6 KMXKXKNXG6 MXMu KMXKXKNXe K6 MXKo KXKXKX
é T MXMXNXXKXNXMXMXa KXXXNXMXG Xu 6 KXXMXNX
XX XMXNXMXMXXKXMX6 KXMXo KXMKO i KXMXMXNX
XXXXMG KKXKXO 6 KXKXMXXMXNXXKXNXXG XXXX
XXXO XXMXXXMXXXMXXNXXE MXXNKe KXXNXEé X

XHXXXXXXa KXKXKXKXXe KXKKXXXKo X XXXGY! Y

HHENERDY = TREZRFR?

XXMKE MXNu MMXXKNSG XXKa MXNKNMNXO KXu é 7 XX
XMXXXXXe KXKXXXXa Ké KXXKXMXG XXXXXXXX
XX MXXXKNMXNKG KMXNXKO MXa KXKXXXNXO Xi X
MXIMXDINXE KIXKNG MM KXKXKNKNNXG Mi XKa KXKX
Xa XKO + a KX K6 MXMXKXXO t MXMXMXMNXKX+ i X
Na KXMX+ Ka KX+ O Ko XXX MXKXXKNX~ KXKXNXX
XXe¢ MXKXXXXXKXKXXO Ka KK KXKXKXXXXXE T X
0 Mg XNXPMXNXMXNXNXMXXNMXXMKXNXMa KXKXO KX+ X
i MXXXXKXXMK KKXXKRKXXKRKXXMXXXRKXXXO i
XMXMu Ka KXXXXNXXa X

Xi MXXX+ a 6 KXO XXMKXXNMXNMKXNXI KXNXO XXa X
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XXXa MXXKXXNXXXXKXNKE KMKKKKKXN XXX a K
XMXMXKXKXXX] XXXNME KXKXKNXNXMXMa KXXKXX
u MXXKXMe MXXMXNXXMNNXXKXNe KX KXe XXX
i KMXXMXMXNXKXXXG Ki KXKE XXX KK KX KX XXXX
MMXKXS K¢ Ki Ku i 6 XKé KIKXKXX
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Xo Ka 6 XXKXMXXXXE XKKXKXKXD KKO KXKXXXX
6 K¢ XMXMX

XIXKNXMXNXKNXMXG KRN KK XMegnbh KO XMKNXMNXMXX
Keva UbHvgXIXXO KXKXMXO KXMXNXXXMXNKXMXNXG X
DXIDADIDADIADI DDA DA DA BB DRI DA DA I P X 8 [BIXI

KXXMa KXKXXMXXO MXXNMXXNKXXMK+ Ki KO KX
XIXX8EIXMXNXKNXMO KKNMXNXKNXME KKNMa MXNXMXNX
XXMG MXXKXMXa KXKXNKXMXMXKNM+ a KXMXXXX
Xa KXMXXRG DX XXX

¢ 6 MMXNXKNXMXNKNMNXNKNMNNKNG KXKNXMNXG KXM
XMXMXG Xa KX&E XXXO XKXKXKNXNXMNXNXXE Ké X
XXKXMXA KXu & MKXMXNKXMMNa KXMHXNXXNXMMXNXNX
Xa KXMXXKO KX KXa XKO XKXKY KXo MXXa XXXX
0 i XXNXMXXe KXXMX+ KMXXMKXXNXG KXXXGE KRXXX
DXINIIXIRNXRKNIX N MXMXKNKNXKNXE Xeé XMNKNXKNXX
XXXMXXMKXNXG KXNMKXXMRKXXMXXNXMXNMO Xa Ma
XXKXXMXXG KXXXKE KXO KXKXNX6 XXX & XXX

MXMXXNKXX+ & KMXXXKXXXGY! Y

Xu XMXXKXXXXNXNXNXa KKXXT KXRKXKXKXKo XXX
XMXG XXXe KMXKXMXNXNXE KXa KKNXNXXXE Ki KX
MHMXKXKXKXX XXX Ko § KXo KX| XKXO Xa Ko K+
0 KXMXXXo6 MX+ KXMXNKNMXN)O KMXNKNXMNXNKNNX
03 MXa XKXMXKXXO KKa o XKO K6 KXé KXKXMXKO
XXKXMXNXX

BRI BT

6 XXKXO MXXKXXXKXXXXXa XXa Kiu Xa o KMXXXXi 6 ¢
DXIDNIPINA MK Pei Ki VYR MXIXININIVUX YUl BN
-1y e XIXPIXa XXX XXX XXX KNI
X Kfi a Ub J\ ck XDIDAXIXIRADIDARI DRI DI AR DI DA e DIRID]
XMXXXXXa KXé XMXMXG T a2 XKXMXKXXXXXXX
DIYbXUb[ YFYX gdYWY eI PN e XIDADIDA DI DADI DA

5 5 KKKIXKXXKXKXMNXKXXXG T XKe MXKXU KXKXN)X
a MMXMXNXXXXNKe MXXE KXa Ké Ko KXXe KXXXX
XXX Y VUX YU M bYghWa DD Pei Ki VY DG X
DXIDNG DX T 2e MXMXMNXKNXKY é fi }Ma MXKNKXKe X
DIDAIDADIPANIKINIRKIDANIDANI DS DDA e PN
XIXKXMXNA MMXa KXMXNEKe BXIMRKNMMNMXNMMNMX
XHXMXXXXXE XK KXa KXKXKXXX

Xu MXXXMXKXa MXKXNMRKXXNMXGYL Y

Xu 6 MXKXKNXKNXMNXMXMNXKE KXKMNXa XKNXKXKNXKX
XXKNXMXNXa XMXNXKNMXNXKNVEBL f]j Uk NKNMNXO
XXKXMXNXKXMXE KXKO KKO Mo KXXe & MXNXMXM¢ X
a KXMXXKXMXNXKE MXNKNMXNKNMXNe XMy KXXMX
XXXXMXE KXKXXXXKXN)Ke MXNXXKXE KXKXXXX
KXKXMXNXa Ko KXKNMXMXMXe KMXMXNXKe MKy KXNX
XXKXMX

XXXXX6 XXXXXXXXXXXXXXXXXE XXXXXe XXXX
XXX & KXXXo KXXXXXXXa XXX XXXKXXXXXX
XXXXXXXXXXXXXXXXe KXo XX+ 6 XXXXXXa XXX
KXo KKXXKXXXIXT XXKXK\ ca UgEU YI¢ , 42/ A XIKXXIX6
MXXXXXXa XXXX| XXXXN\ UhlghH ke vy UVURXKXX X6
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Xu XXX
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DXIDANIDADE i B DU DD X XX
XXa XX
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o XXXé MXNXXMXNXXXXE Ku KXNX6 KXXMXXXXMXNXXIX
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XXPIXXNMRKXNXN- - Xi KXXMRKXXNMXXXME; v

i 3 A XX BEAR =+ 2 RO AR

XXKXMXNXMKE Mo MX| & MKNMXNXX]| KXNXXMe MXX
XXX XXX 2e BN XINXXKNXPNIXX X
XXX IR BRI IR KBTI HXIMIX
XD DB X X D X D X D X X X P D B I X - DD DX B I P X XXX
XD MXKXKNXKNNXMXME MKXKNKNNXMNXMNXG ¢ KXKNXX
XX

IR HXKXNE; v

XXKXMXXKXMXXXE T o KMKXKXO KXKXNMG KKXMXX
XXKXXMXXKXMXNXG é T Ko KXO KKXXKXNXXKXNXX
XXX AR+ BIRIBAXI IR

i BE WA 3 R R 1R B 3R B AR B

EBCARM BREBHBIREE TS, HEMS EHRFE] (high horse effect)
B o

XMXMXXKXXXKXKXa 6 X6 Ki KKKKXKXy KKXXa KKK
IDARIDdE DIPDXI DX DRI D I P DI X X DX ¢ XX XX
XIMNXIMNXKNXKNY MX6 MMNMNKE Ke KMXME MXe KKNXX
XXKXMXNKNMXNKN~ & MKa MXXKG KXNKXNMMNNe X
XXXMXXXKXXMXXXMO & 0 KX

XXO KXXNXXXNEa KXXMXe KIXMXKXXMKXNXXMXXXX
XXXKXKXKXKNXN)O i XKXKXKXXNXMXE KKXXXe
X6 KXé Xa KXXKXX

111 D1 1] B X D ] B ) X B 1 D ) X X D X1 B B X DX X1 B I DX X )
XXKNXMXNKNXMXe KXMXNKNMMNNE MMX| Xa MKXMXX
XMXMX| XXXKNXXe KXo KMXKXK| KXXNMa KXKa KXKX
XXX XXXKXXKXXXXX0 KKXXXKe KKXXXIX

XXKXMXO 6 KHXXXo & XXXNXMXNXXMNXN)EG KRXu XX
XXE XMXXXKXO KXKXXMXa KXKXNK| Xa XMXXKXNXXX
XMXMe KMXKXKNXe 6 XXX KKNXKNXMXMXKXKXXD X
XMXMKXX6 KXé & 6 Me KXKNXXMXMXME KXXX

XX X101 D] BB X B B X B X B B B X X B B X D X X B I X X X
6 HKXMIXXKXMKX XK XMXNKNMXNKG KXNKXG XKe XX
y XIXKXXNKNMNNKe MXMXNMMMXNM MXNKNMX
XXXMXXXKXXN}O XX X

XX+ a X0 KXXXKXKXKXG e Xa KKKXXT KEKKXKXX
Xe HKXMXNXMKNXA XXKXMXNXK+ Ma KKK 0 KXXMXe XX
DXIMNXPINKNRKNNXNNE MKXE T Ko XX
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a MMMERME KMXKXXKNNNMKMMKE KKKe T Ko KXMKNXE; v

XXX KKXXNXXXXXKXKX 0 KKKXXo XXXy KXKe X
| MG Xa XMKXKe XMXME KXKXKNKNNXNM| Ka KX ¢ K
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Robot Rights

IN HIS PERSPECTIVE (“THE ETHICAL FRONTIERS OF ROBOTICS,” 19 DECEMBER 2008, P. 1800),
N. Sharkey regrets that there are no international guidelines for robot use from the U.N.
Convention on the Rights of Children. Although the international community has not officially
released such a code of ethics, several sets of guidelines are under way, including Japan’s Draft
Guidelines to Secure the Safe Performance of Next Generation Robots by the Ministry of
Economy, Trade, and Industry; the South Korean Robot Ethics Charter by the Ministry of
Commerce, Industry, and Energy; and the guidelines for robots by the European Robotics

Research Network (7-3).

These guidelines differ from each other when it comes to social
problems, robot service, and robot political rights. Lack of con-
sistency in ethical guidelines can be attributed to some degree to
cultural differences in human beliefs and practices. Differences,
for example, in the value placed on the development of inde-
pendence in infants and toddlers could lead to totally divergent
views of the use of robots as caregivers for children. Because
different cultures may disagree on the most appropriate
uses for robots, it is unrealistic and impractical to
make an internationally unified code of ethics.
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Adapting to
Climate Change

IN THEIR PERSPECTIVE “PHYSIOLOGY AND
climate change” (31 October 2008, p. 690),
H. O. Portner and A. P. Farrell stress the
importance of understanding organisms’
physiological responses to climate change
but fail to consider thermally induced pheno-
typic plasticity (Z, 2).

An organism with thermal plasticity can
compensate for changing environmental tem-

peratures. For example, some Antarctic fish
can reverse the negative effects of rising water
temperatures. Pagothenia borchgrevinki usu-
ally experience water temperatures of —1.8°C,
but exposing the fish to +4°C for 4 weeks
induces compensatory responses at the level
of cellular metabolism, in the cardiovascular
system, and in whole-animal swimming per-
formance (3, 4). These phenotypic changes
allow P borchgrevinki to function at +6°C,
which is 8°C above their usual water tempera-
ture, far warmer than any projections of
human-induced warming. There are many

PERSPECTIVES

more examples of similar responses in tem-
perate and tropical ectotherms (/, 2, 5).

We do not advocate that the potential effect
of climate change be taken lightly. However,
to respond adequately to climate change, it is
crucial to consider the full breadth of physio-
logical responses to temperature. The most
appropriate approach is not to assume that all
animals are specialized to their environ-
ment—which is clearly not the case—but to
determine which animals have the capacity
for phenotypic plasticity and then concentrate
conservation efforts on those organisms that
are most likely to be negatively affected.
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WE THANK C. E. FRANKLIN AND F. SEEBACHER
for elaborating on the importance of thermal
acclimatization (thermally induced pheno-
typic plasticity) as a mitigation strategy for
climate change. Our figure did in fact note
that acclimatization would shift the thermal
window along the temperature axis. How-
ever, acclimatization is limited to the thermal
niche of a species, and these limits reflect
thermal specialization. Such a niche becomes
visible in analyses of temperature-dependent
growth. The niche differs between species or
even populations of the same species in vari-
ous climates.

Although some Antarctic fishes have con-
served limited warm acclimatization capabil-
ities beyond present habitat temperatures
(1-3) and thus live on the cold side of their
thermal niche, it is clear that not all species do
(4, 5). Acclimatization capacity is minor
among Antarctic marine invertebrates. It is
likely also minimal among Antarctic icefishes
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Earth and Moon under
the microscope

that lost their hemoglobin when specializing
on the high oxygen content of cold waters.
Continued warming will thus cause species
losses and, together with invasions by species
presently at the doorstep of the marine
Antarctic (6), will elicit progressive restruc-
turing and functional shifts in marine
Antarctic ecosystems.

The hypothesis of variable specialization
according to climate variability requires fur-
ther testing at the level of crucial life func-
tions like growth, reproduction, and develop-
ment in aquatic and terrestrial species and
ecosystems (7).

HANS O. PORTNER,* ANTHONY P. FARRELL,?
RAINER KNUST,* GISELA LANNIG,*
FELIX C. MARK,* DANIELA STORCH?

LIFE IN SCIENCE

No Restroom for the Weary

OUR LAB IS IN A HISTORIC BUILDING AT THE
University of Tokyo. Unfortunately, in this
case, the word “historic” is synonymous
with “very old” and “shabby.” The poor
condition of the electric power supply
makes our electroencephalography (EEG)
experiments a challenge—the electric
signals we obtain are contaminated with

Lunar asymmetry
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Social Science Evolves
to Include Biology

THE SPECIAL SECTION ON GENETICS OF
Behavior (7 November 2008) helps put flesh
on the evolutionary skeleton that biologists,
and some social scientists, have been develop-
ing for many years. In the Perspective
“Biology, politics, and the emerging science
of human nature” (p. 912), J. H. Fowler and D.
Schreiber argue that “biologists and political
scientists must work together to advance a
new science of human nature.” The study of
politics is not the only social science that
would profit by such collaboration. Indeed,
efforts to integrate evolutionary biology have
recently been under way in every facet of the
social sciences, including anthropology,
economics, history, law, linguistics, psychol-
ogy, sociology, and even literary criticism and
aesthetics, in addition to political science.
Finally, belatedly, but with increasing empiri-
cal and theoretical validity, social scientists
representing all disciplines are collaborating
with biologists to advance a much-needed,
new science of human nature.
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TECHNICAL COMMENT ABSTRACTS

CommeNT oN “Dynamic Shifts of
Limited Working Memory Resources
in Human Vision”

Nelson Cowan and Jeffrey N. Rouder

Bays and Husain (Reports, 8 August 2008, p. 851)
reported that human working memory, the limited infor-

mation currently in mind, reflects resources distributed
across all items in an array. In an alternative interpreta-
tion, memory is limited to several well-represented
items. We argue that this item-limit model fits the extant
data better than the distributed-resources model and is
more interpretable theoretically.

Full text at www.sciencemag.org/cgi/content/full/323/
5916/877c

every sort of noise.

We decided to send a postdoc, Yosuke
Morishima, on a journey in search of a good
experimental room. Yosuke carried an EEG
amplifier and monitor and a colleague wore
an EEG electrode cap. They visited every room in the seven-story building, includ-
ing those that belonged to other labs, and checked the noise level of the EEG. Finally,
they found the best room for the experiment: the men’s restroom on the east wing of
the building. We invited a subject to the new experi-
mental room and started an EEG experiment. The
recording was fantastic—we could see beautiful brain
signals. However, after running several experimental
sessions, we began to receive complaints from people
who visited the room for the purpose for which it was
originally designed. Thus, our search for the ideal lab-
oratory continues.

ResPONSE T0 COMMENT oN “Dynamic
Shifts of Limited Working Memory
Resources in Human Vision”

Paul M. Bays and Masud Husain

EDITOR’S NOTE

This is an occasional feature
highlighting some of the day-to-
day humorous realities that face
our readers. Can you top this?
Submit your best stories at www.
submit2science.org.

Cowan and Rouder suggest that a modification to the
four-slot model of visual working memory fits the avail-
able data better than our distributed-resource model.
However, their comparisons of statistical fit are biased
in favor of the slot model. Here, we compare the predic-
tions of the two models and present further evidence
against the division of visual memory into slots.

Full text at www.sciencemag.org/cgi/content/full/323/
5916/877d
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Abstract Technocrats from many developed countries, es-
pecially Japan and South Korea, are preparing for the
human—robot co-existence society that they believe will
emerge by 2030. Regulators are assuming that within the
next two decades, robots will be capable of adapting to
complex, unstructured environments and interacting with
humans to assist with the performance of daily life tasks.
Unlike heavily regulated industrial robots that toil in iso-
lated settings, Next Generation Robots will have relative
autonomy, which raises a number of safety issues that are
the focus of this article. Our purpose is to describe a frame-
work for a legal system focused on Next Generation Robots
safety issues, including a Safery Intelligence concept that
addresses robot Open-Texture Risk. We express doubt that a
model based on Isaac Asimov’s Three Laws of Robotics can
ever be a suitable foundation for creating an artificial moral
agency ensuring robot safety. Finally, we make predictions
about the most significant Next Generation Robots safety is-
sues that will arise as the human-robot co-existence society
emerges.
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1 Introduction

The Japanese Robot Association' predicts that Next Gen-
eration Robots will generate up to 7.2 trillion yen (approxi-
mately 64.8 billion USD) of economic activity by 2025, with
4.8 trillion (43.2 billion USD) going to production and sales
and 2.4 trillion (21.6 billion USD) to applications and sup-
port. According to the Japanese Ministry of Economy, Trade
and Industry (METI), manufacturers will focus on specific
markets (e.g., housework, nursing, security), while applica-
tion and support firms provide maintenance, upgrading, and
reselling services similar to today’s information technology
structure [1]. Also similar to the current IT industry, individ-
ual firms will specialize in such areas as education (public,
safety, technical, etc.), selling insurance to cover special ro-
bot risks, and buying/selling used robots.

The Fukuoka World Robot Declaration, issued in Feb-
ruary 2004, lists Japanese expectations for Next Generation
Robots that co-exist with human beings, assist human be-
ings both physically and psychologically, and contribute to
the realization of a safe and peaceful society.”> However,
the declaration falls short in describing what Next Gener-
ation Robots should be. In a report predicting the near fu-
ture (2020-2025) in robot development, the Japanese Ro-
bot Policy Committee (RPC, established by METTI) created

Uhttp://www.jara.jp/.

ZInternational Robot Fair 2004 Organizing Office, World Ro-
bot Declaration (2004), http://www.prnewswire.co.uk/cgi/news/
release?id=117957.
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two Next Generation Robots categories: (a) next generation
industrial robots capable of manufacturing a wide range of
products in variable batch sizes, performing multiple tasks,
and (unlike their general industrial predecessors) working
with and/or near human employees; and (b) service robots
capable of performing such tasks as house cleaning, secu-
rity, nursing, life-support, and entertainment-all functions
to be performed in co-existence with humans in businesses
and homes. The report predicts that humans will gradually
give Next Generation Robots a growing number of repeti-
tive and dangerous service tasks, resulting in increased po-
tential for unpredictable and dangerous actions [2]. METI
describes the danger level in terms of contact degree: “low”
for in-home communication or cleaning robots, “mid” for
nursing robots, and high for universal humanoid robots ca-
pable of performing a wide range of tasks. How well such
dangers can be anticipated is closely linked to the amount of
autonomous behavior programmed into machines, in a rela-
tionship that remains to be determined.

Since 2000, Japanese [3] and South Korean [4] tech-
nocrats have been discussing and preparing for a human—
robot co-existence society that they believe will emerge by
2030. Based on the content of policy papers and analyses
published by both governments, researchers are currently
studying potential Robot Sociability Problems that—unlike
technical problems associated with design and manufactur-
ing entail robot related impacts on human interactions in
terms of regulations, ethics, and environments. Regulators
are assuming that within the next two decades, robots will be
capable of adapting to complex, unstructured environments
and interacting with humans to assist with the performance
of daily life tasks. Unlike heavily regulated industrial robots
that toil in isolated settings, Next Generation Robots will
have relative autonomy allowing for sophisticated interac-
tions with humans. That autonomy raises a number of safety
issues that are the focus of this article.

In addition to the semi-autonomous robots created by
NASA scientists of the United States for exploration of the
deep sea and the surface of Mars, in December 2008, the
U.S. military reported its plan to devote approximately $4
billion USD within the following two years for the develop-
ment of ‘““ethical” robots-autonomous robot soldiers which
will conform to the laws of warfare [5].

Artificial intelligence (AI) will be the main tool giving
robots autonomy, expanded work ranges, and the ability
to work in unstructured environments. Changes in human—
robot relationships made possible by advancements in Al
are likely to exert an impact on human society rivaling that
of any other single technological innovation. We will pre-
dict the most significant issues of Next Generation Robots
safety that will arise as the human-robot co-existence soci-
ety emerges. The emerging co-existence society and issues
in establishing robot law will be respectively discussed in
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Sects. 2 and 3. In Sects. 4 and 5 we will describe Human-
Based Intelligence and our proposal for a Safety Intelligence
concept to address these issues in light of Isaac Asimov’s
Three Laws of Robotics. In Sect. 6 we will describe the po-
tential development of a Legal Machine Language to over-
come the considerable shortcomings of Asimov’s laws.

2 Human-Robot Co-Existence Society

The public often views robot development in terms of bio-
morphic machines. The actual situation involves input and
innovation from multiple non-engineering fields that pave
the way for harmonious interactions between humans and
robots of all shapes, sizes, appearances, and capabilities.
We will refer to interdisciplinary issues as Robot Sociabil-
ity Problems and to engineering issues as Robot Technical
Problems.

The Japanese are funding multiple efforts to address ro-
bot sociability problems and robot technical problems is-
sues, including the establishment of research committees
and physical environments for the testing of robot pro-
totypes. In 1999, the Ministry of International Trade and
Industry (MITI, which later became the above-mentioned
METI) provided 450 million USD for a five-year research
effort called “HRP: The Humanoid Robotics Project.” The
participants were Japan’s major players in robotics: Hi-
rochika Inoue and Susumu Tachi from the University of
Tokyo, and representatives from Honda, Fujitsu, Panasonic
(Matsushita), Kawasaki, Hitachi, and other corporations.
The first (two-year) stage was dedicated to developing a
“humanoid robot platform” (HRP-1) and the second to de-
veloping HRP-1 applications associated with human-robot
co-existence [6].

A separate project was already underway at Waseda
University in Tokyo’s Shinjuku ward, the 1973 birthplace
of WABOT-1, the world’s first full-scale biped walking
humanoid robot.> Named “Innovative Research on Sym-
biosis Technology for Humans and Robots in an Elderly-
Dominated Society”,* it was sponsored by the Ministry of
Education, Culture, Sports, Science and Technology. An-
other important agreement was finalized in 2001, when
Waseda University and Gifu prefecture established a “Wabot-
House™ technical area in the city of Kakamigahara. The lab
consists of three buildings, one for addressing ideas about
ideal living spaces for people and various robot types; one
focusing on social factors such as daily living needs, medical

3http://www.humanoid.waseda.ac jp/history.html.
“http://www.waseda.jp/prj-rt/English/index/html.

Shttp://www.wabot-house.waseda.ac.jp/.
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concerns, the natural environment, and other issues associ-
ated with human-robot co-existence; and one for determin-
ing how robot-human living spaces can be designed to sup-
port suitable levels of autonomous robot behavior [7]. Sev-
eral other cities are now vying to attract robot researchers.
Since late 2003, Fukuoka and Kitakyushu (both in Fukuoka
prefecture) have shared the distinction of being the world’s
first Robot Development Empiricism Area (RDEA),® cre-
ated according to national “Special Zone for Structural Re-
form” legislation [8]. The law addresses rules for road signs,
traffic lanes, and traffic regulations, adding flexibility that
allows for limited outdoor testing of robots (mostly on side-
walks) for the purpose of collecting empirical data.

Robot researchers in the two cities receive special tax dis-
pensation and are exempt from Japanese radio law, meaning
they do not have to apply for special certification for exper-
iments using the 5 GHz wireless frequency range. A sec-
ond goal of the Wabot-House group is to establish Gifu pre-
fecture as one of several centers of the Japanese robot in-
dustry [9, 10]; other prefectures opening some of their city
streets to robots in the interest of attracting manufacturers
are Kanagawa (International Rescue Complex project) [11]
and Osaka (RoboCity CoRE) [12]. A huge “robot city” is
considered essential to planning for and creating a human—
robot co-existence society, since the qualities of artificial en-
vironments that match the technical requirements of robot
functions must be identified. In this regard, researchers are
studying the potential for robots to serve as bridges between
physical and virtual worlds. As Google’s Vinton Cerf ob-
serves regarding the Internet:

Virtual and real worlds will merge. Virtual interac-
tions will have real world consequences. Control of
the electrical grid and power generation systems could
be made to appear to be part of a virtual environment
in which actions in the virtual space affect actions in
the real space. If your air conditioner is attached to
the Internet, your utility might turn it off to prevent a
brownout. Educational environments that mix real and
virtual instruments and places will enrich the learning
experience of school children [13].

If we add Next Generation Robots to Cerf’s scenario,
they will simultaneously act as virtual agents and physical
actors, with overlapping boundaries that allow for the move-
ment of many Next Generation Robots within a robot city.

OThe cities of Fukuoka and Kitakyushu were designated as Robot De-
velopment Empiricism Research Areas by the Japanese government
in November, 2003. The first experiments in using robots in pub-
lic spaces were conducted in February, 2004. In 2002, Fukuoka and
Busan (South Korea) co-sponsored an international “Robocup” com-
petition and conference. See http://www.robocup.or.jp/fukuoka/ and
http://www.island-city.net/business/it/it.html.

Before that day arrives, several important policy and reg-
ulatory issues must be settled to prevent a legal crisis. We
will review some environmental issues first before looking
at safety-related and other legal concerns.

An important concept in this area of robot research is af-
fordance-the quality of an object or environment that allows
an individual to perform an action. Psychologist James J.
Gibson, who introduced the term [14], defined affordances
as including all latent “action possibilities” in an environ-
ment, objectively measurable and independent of an indi-
vidual’s ability to recognize them, but always in relation to
the actor and therefore dependent on the actor’s capabilities.
Since humanoid shapes are currently considered most suit-
able for a human-robot co-existence society, affordances for
humanoid robots will be much more complex than those for
industrial robots. Whereas industrial robots are limited to
using relatively simple arm-like mechanisms to grab, move,
and place objects in a restricted space, robots with legs may
someday perform tasks using all four of its limbs—for in-
stance, leaving one’s physical home or business to run er-
rands. For Next Generation Robots, affordance issues will
involve service applications, their effects on industrial plan-
ning, functional imagination (if owners can do certain tasks,
why not their robots?), and human-robot psychology [15].
Arguably, the central question is this:

e Should robots be designed to essentially “do anything”
using all of their action possibilities?

e Should they be entrusted with providing nursing care in
the absence of human caregivers?

e Should they be allowed to use their huge power require-
ments to feed grapes to their reclining owners?

e Should they be allowed to use their huge power require-
ments to feed grapes to their reclining owners?

e Should they be capable of sexual relations with hu-
mans [16]?

The range of possibilities raises the specter of a complex
licensing system to control how Next Generation Robots are
used.

Power consumption and generation is one item on a long
list of environmental concerns that need to be addressed,
preferably before the human-robot co-existence society be-
comes a reality. We are notoriously messy creatures, putting
up hundreds of satellites into orbit above the earth and let-
ting them stay up there long after their original purposes are
exhausted. How can we prevent the abandonment of robots
used to explore extreme environments that are too danger-
ous for humans? Furthermore, anyone who has tried to re-
cycle a personal computer or peripheral knows that it is not
as easy as placing them in a curbside recycling bin. Robot
technology is a complex technical domain that will require a
combination of ingenuity and strict enforcement in order to
avoid disposal problems that are sure to arise when millions
of robots and robot parts break down or wear out.
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Ambulatory robots will consume enormous amounts of
energy. The International Energy Association (IEA) took
that into consideration when making their predictions for fu-
ture energy needs, and reported that if governments stick to
their current policies, electric power consumption will dou-
ble by 2030, and the percentage of electricity in total energy
consumption will rise from 17 to 22 percent. Whereas west-
ern countries may find ways to generate “green power” for
robots (e.g., fuel cells), developing countries will have lit-
tle choice but to continue using the least expensive ways to
generate electric power. In most cases that means burning
coal, thereby increasing the quantity of greenhouse gasses
released into the atmosphere [17]. Clearly, the emergence
of a human-robot co-existence society makes our search for
clean energy sources and ways of sharing them with devel-
oping countries-even more imperative.

3 Robot Law

Future robot-related issues will involve human values and
social control, and addressing them will require input from
legal scholars, social scientists, and public policy makers,
using data from researchers familiar with robot legal studies.
Levy [18] argues convincingly that a new legal branch of Ro-
bot Law is required to deal with a technology that by the end
of this century will be found in the majority of the world’s
households. Here we will review the main issues expected to
emerge in the fast-arriving era of human—robot co-existence
in terms of four categories: robot ethics, rights, policy, and
safety.

3.1 Robot Ethics

Determining how robotics will emerge and evolve requires
agreement on ethical issues among multiple parties, in the
same manner as nuclear physics, nanotechnology, and bio-
engineering. Creating consensus on these issues may require
a model similar to that of the Human Genome Project for
the study of Ethical, Legal and Social Issues (ELSI) spon-
sored by the US Department of Energy and National Insti-
tutes of Health.” Each agency has earmarked 3-5 percent
of its financial support for genome research to ethical is-
sues. ELSI’s counterpart across the Atlantic is the Euro-
pean Robotics Research Network (EURON), a private or-
ganization devoted to creating resources for and exchanging
knowledge about robotics research.® To create a systematic
assessment procedure for ethical issues involving robotics

http://www.ornl.gov/sci/techresources/Human_Genome/research/
elsi.shtml.

8http://www.euron.org/.
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research and development, a EURON committee has writ-
ten and published Roboethics Roadmap [19], a collection
of articles outlining potential research pathways, and spec-
ulating on how each one might develop. Due to the rate of
rapid change occurring in the technology, EURON does not
promote the collection as a guideline to state-of-the-art ro-
botics or a declaration of principles such as those emerg-
ing from Japan and Korea. Instead, the Roadmap is billed
as a review of topics and issues aimed at those individuals
and regulatory bodies that will eventually determine robot
policies—Ilegislatures, academic institutions, public ethics
committees, industry groups, and the like. It is important to
note that the Roadmap focuses on human centered rather
than robot or artificial intelligence centered ethics, perhaps
due to its “near future urgency” perspective that addresses
the next decade while contemplating foreseeable long term
developments. For this reason, Roboethics Roadmap does
not consider potential problems associated with robot con-
sciousness, free will, and emotions.

According to the Roadmap authors, most members of the
robotics community express one of three attitudes toward
the issue of roboethics:

e Not interested: they regard robotics as a technical field
and don’t believe they have a social or moral responsibil-
ity to monitor their work.

e [Interested in short-term ethical questions: they acknowl-
edge the possibility of “good” or “bad” robotics and re-
spect the thinking behind implementing laws and consid-
ering the needs of special populations such as the elderly.

e [Interested in long-term ethical concerns: they express
concern for such issues as “digital divides” between world
regions or age groups. These individuals are aware of the
gap between industrialized and poor countries and the
utility of developing robots for both.

The authors of this paper are in the third category, be-
lieving that social and/or moral questions are bound to ac-
company the emergence of a human-robot co-existence so-
ciety, and that such a society will emerge sooner than most
people believe. Furthermore, we agree with the suggestions
of several Roboethics Roadmap authors that resolving these
ethical issues will require agreement in six areas:

1. Are Asimov’s Three Laws of Robotics (discussed in
Sect. 5) usable as guidelines for establishing a code of
roboethics?

2. Should roboethics represent the ethics of robots or of ro-
bot scientists?

3. How far can we go in terms of embodying ethics in ro-
bots?

4. How contradictory are the goals of implementing robo-
ethics and developing highly autonomous robots?

5. Should we allow robots to exhibit “personalities”?

6. Should we allow robots to express “emotions”?


http://www.ornl.gov/sci/techresources/Human_Genome/research/elsi.shtml
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This list does not include the obvious issue of what kinds
of ethics are correct for robots. Regarding “artificial” (i.e.,
programmable) ethics, some Roadmap authors briefly touch
on needs and possibilities associated with robot moral val-
ues and decisions, but generally shy away from major ethical
questions. We consider this unfortunate, since the connec-
tion between artificial and human-centered ethics is so close
as to make them very difficult to separate. The ambiguity
of the term artificial ethics as used in the EURON report
ignores two major concerns:

e How to program robots to obey a set of legal and ethical
norms while retaining a high degree of autonomy.

e How to control robot-generated value systems—or moral-
ity.

In this article we will respectively call these Type 1 and
Type 2 artificial ethics. Since both will be created and in-
stalled by humans, the boundary between them will be ex-
ceptionally fluid.

Visually-impaired people depend on guide dogs to navi-
gate their living environment. Given their serious responsi-
bility, guide dogs must absolutely obey orders given by their
owners. However, the dogs received instruction in “Intelli-
gent Disobedience” which trains the dog to act against the
orders of its master in emergency cases to ensure the per-
son’s safety. Initially, the dogs were trained to make these
decisions according to human-centered value systems or
what we have called Type 1 artificial ethics earlier. Never-
theless, through repeated training in disobedience through
various kinds of situations, the decisions of the dogs show a
blending of its own value system with the inculcated human-
centered value system. As such, Intelligent Disobedience is
what we call Type 2 artificial ethics, in which value is not
absolutely human-centered.

Susan Leigh Anderson also holds the similar ideas [20],
such as:

It might be thought that adding an ethical dimension
to a machine is ambiguous. It could mean either (a) in
designing the machine, building in limitations to its
behavior according to an ideal ethical principle or
principles that are followed by the human designer,
or (b) giving the machine ideal ethical principles, or
some examples of ethical dilemmas together with cor-
rect answers and a learning procedure from which it
can use the principle[s] in guiding its own actions.

The South Korean government is putting the finishing
touches on a Robot Ethics Charter; when published,9 it
may stand as the world’s first official set of ethical guide-
lines for robotics. According to that country’s Ministry

http://www.reuters.com/article/lifestyleMolt/
idUSSEO16657120070507.

of Commerce, Industry and Energy (MC-IE), the Charter
will present criteria for robot users and manufacturers, and
guidelines for ethical standards to be programmed into ro-
bots. The standards are being established in response to a
plan announced by the Ministry of Information and Commu-
nication to put a robot in every South Korean home by 2020.
The Charter’s main focus appears to be social problems—
for example, human control over robots and the potential
for human addiction to robot interaction. However, the doc-
ument will also deal with a number of legal issues, including
protections for data acquired by robots and machine identi-
fication for determining responsibility distribution.

In an April 2007 presentation at an international “Work-
shop on Roboethics” held in Rome, an MCIE representa-
tive gave three reasons explaining why his government felt a
need to write a Robot Ethics Charter [21]: the country’s sta-
tus as a testing ground for robots (similar to its experience
with IT electronics); a perceived need for preparation for a
world marked by a strong partnership between humans and
robots; and social demands tied to the country’s aging pop-
ulation and low birth rate. The inclusion of guidelines for
the robots themselves may be interpreted as tacit acknowl-
edgement of Asimov’s Three Laws of Robotics as well as
concern over the implementation of Type 1 ethics in robot
control systems.

3.2 Robot Rights

There are many barriers to overcome before we can pro-
duce human-based intelligence robots capable of making
autonomous decisions and having limited “self-awareness”.
Still, futurists who believe that such a day will come in
this century are contemplating issues that might emerge.
In 2006, the Horizon Scanning Centre (part of the United
Kingdom’s Office of Science and Innovation) published a
white paper with predictions for scientific, technological,
and health trends for the middle of this century [22]. The au-
thors of the section entitled “Utopian Dream, or Rise of the
Machines” raise the possibility of robots evolving to the de-
gree that they eventually ask for special “robo-rights” [23].
In this paper we will limit our discussion to how current
human legal systems, in which rights are closely tied to re-
sponsibilities, will affect early generations of non-industrial
robots.

Whenever an accident occurs involving humans, the per-
son or organization that must pay for damages can range
from individuals (responsible for reasons of user error)
to product manufacturers (responsible for reasons of poor
product design or quality). Rights and responsibilities will
need to be spelled out for two types of Next Generation Ro-
bots. The system for the first type—Next Generation Robots
lacking artificial intelligence-based “self-awareness”—will
be straightforward: 100 percentage human-centered, in the
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same manner that dog owners must take responsibility for
the actions of their pets. In other words, robots in this cate-
gory will never be given human-like rights or rights as legal
entities.

The second type consists of Next Generation Robots pro-
grammed with some degree of “self-awareness”, and there-
fore capable of making autonomous decisions that can re-
sult in damage to persons or property. Nagenborg, Capurro,
Weber and Pingel [24] argue that all robot responsibilities
are actually human responsibilities, and that today’s prod-
uct developers and sellers must acknowledge that principle
when designing first-generation robots for public consump-
tion. They use two codes of ethics—one from the Institute
of Electrical and Electronics Engineers and the other from
the Association of Computing Machinery—to support their
view that for complex machines such as robots, any attempt
to remove product responsibility from developers, manufac-
turers, and users represents a serious break from the hu-
man legal system norm. We may see a day when certain
classes of robots will be manufactured with built-in and re-
trievable “black boxes” to assist with the task of attributing
fault when accidents occur, since in practice it will be diffi-
cult to attribute responsibility for damages caused by a ro-
bot, especially those resulting from owner misuse. For this
reason, Nagenborg et al. have proposed the following meta-
regulation:

If anybody or anything should suffer from damage
that is caused by a robot that is capable of learning,
there must be a demand that the burden of adducing
evidence must be with the robot’s keeper, who must
prove her or his innocence; for example, somebody
may be considered innocent who acted according to
the producer’s operation instructions. In this case it is
the producer who needs to be held responsible for the
damage.

If responsibility for robot actions ever reaches the point
of being denied by humans, a major issue for legal sys-
tems will be determining “punishment”. Wondering if hu-
man punishment can ever be applied to robots, Peter Asaro
observes that

they do have bodies to kick, though it is not clear that
kicking them would achieve the traditional goals of
punishment. The various forms of corporal punish-
ment presuppose additional desires and fears of being
human that may not readily apply to robots pain, free-
dom of movement, morality, etc. Thus, torture, impris-
onment and destruction are not likely to be effective
in achieving justice, reform and deterrence in robots.
There may be a policy to destroy any robots that do
harm, but as is the case with animals that harm people,
it would be preventative measure to avoid future harms

@ Springer

rather than a true punishment...[American law] of-
fers several ways of thinking about the distribution
of responsibility in complex cases. Responsibility for
a single event can be divided among several parties,
with each party assigned a percentage of the total
(p- 2) [25].

If we go this route, we may need to spell out robot rights
and responsibilities in the same manner that we do for such
non-human entities as corporations. Will we be able to apply
human-centered values to robots as we do to other entities—
a core value in human legal systems? To practice “robot jus-
tice,” those systems will be required to have a separate set
of laws reflecting dual human-robot-centered values. Robo-
responsibilities would need to be clearly spelled out.

3.3 Robot Policy

A large number of robot-related policies must be debated
and enacted before the mid-century “robot in every home”
era begins: labor force displacement, physical safety, su-
pervising research and development, and the shape of ro-
bot technology (RT) marketing, among many others. The
breadth of these issues makes the appearance of a single,
all-encompassing robot policy unlikely. However, it is likely
that governments will follow their established top-down ap-
proach to giving direction to new technologies, and free-
market advocates will resist such efforts.

The Japanese are currently addressing these concerns. In
2005 the METI created the above-mentioned Robot Policy
Committee and invited robotics experts to serve on it. The
committee’s initial report emphasized the idea that Japanese
government agencies and enterprises need to cooperatively
address three areas of concern when establishing a Next
Generation Robots industry [26]:

1. Develop a market environment: According to a survey
conducted by the Japanese Robot Association, the Next
Generation Robots market is expected to expand from 3
trillion yen in 2010 to 8 trillion yen in 2025 [27]. This
enormous market will require support in many forms.
Two examples are training in RT-related fields and the
above-mention-ed need for local governments and robot
enterprises to create areas dedicated to robot research and
development.'? Whereas technical research directions in
the past were determined by university labs and research
institutions, the committee suggested that market forces
determine future directions.

2. Ensure safety: The clarification of legislative issues per-
taining to Next Generation Robots safety requires analy-
ses of human-robot interaction responsibilities before
and after the manufacturing stage. Areas of concern for

Ohttp://www.f-robot.com/english/index.html.


http://www.f-robot.com/english/index.html

Int J Soc Robot (2009) 1: 267-282

273

what we will call pre-safety regulations include standards
for robot design and production. Post-safety regulations
will address situations in which human injury is caused
by robot actions, as well as systems for product liability
protection and insurance compensation.

3. Develop a mission-oriented RT system: Japanese are ac-
customed to making products and manufacturing systems
according to available technologies. A mission-oriented
RT system will emphasize technology development by
private firms based on demands and needs identified by
government authorities [28].

Robot policy can be viewed as an intersection in which
robot rights, robot ethics, and other subfields are integrated
for the purpose of generating a direction for technology de-
velopment. Since an equally important function of robot pol-
icy is to serve as a reference for creating new legislation,
it must become a priority well before the expected emer-
gence of a human-robot co-existence society. Even in draft
form, robot policies can support international cooperation
and information exchanges to assist legislators in setting le-
gal guidelines.

The cultural difference between East and West may result
in different responses to policy decisions. While most peo-
ple agreed that “Humanoid” is a positive term for robotic
research in Japan, the use of this type of research tend to be
associated with “Frankenstein Complex™ in western soci-
eties. Kaplan [29] states that from the Japanese perspective,
this difference seems to stem from the blurring between re-
alizations of nature and the production of man. He described
this Japanese point of view as “linking beings instead of dis-
tinguishing them”, whereas in western discussion of robot-
ics, the distinction between the natural and the artificial is
very significant. Norwegian writer Jon Bing [30] has ana-
lyzed several representative western literature on artificial
beings and found that the writings posited three types: “Ma-
chinelike man”, “Manlike machine”, and the new synthesis,
“Cyborg”. This distance between humans and robots is al-
ways stressed in western cultures.

In addition, Fumio Harashima from Tokyo Denki Uni-
versity has argued that the one main difference between
Japanese and American robotics research is their source of
funding—U.S. robitics research is supported by U.S. Mili-
tary [31], thus the relevance of Robot Policy to military ap-
plication or usage may take priority in the United States.
For example, a group of USJFCOM-U.S. Joint Forces Com-
mand published a study titled “Unmanned Effects: Taking
the Human out of the Loop” in August 2003, which sug-
gest that by as early as 2025, widespread use of tactical, au-
tonomous robots by U.S. military may become the norm on
the battlefield [32].

3.4 Robot Safety

In 1981, a 37-year-old factory worker named Kenji Urada
entered a restricted safety zone at a Kawasaki manufacturing
plant to perform some maintenance on a robot. In his haste,
he failed to completely turn it off. The robot’s powerful hy-
draulic arm pushed the engineer into some adjacent machin-
ery, thus making Urada the first recorded victim to die at
the hands of a robot. A complete review of robot safety is-
sues will be given in Sect. 5. Here we will simply emphasize
safety as the most important topic requiring detailed consid-
eration and negotiation prior to the coming human-robot co-
existence society. Based on its large body of regulations and
guidelines for industrial robots, Japan is considered a leader
in this area. But as the METI Robot Policy Council notes, it
has no safety evaluation methods or regulations currently in
place for Next Generation Robots.

4 Human-Based Intelligence

In order to adapt to unstructured environments and work
more closely with humans, Next Generation Robots must
be designed to act as biomorphic robots with specialized ca-
pabilities. Lewis and Sim define biomorphic robots as imi-
tations of biological systems capable of predicting the sen-
sory consequences of movement, learning through the use of
neural-type methods, and exploiting “natural system dynam-
ics to simplify computation and robot control” [33]. Current
examples of biomorphic robots are snakebots [34], insect-
bots,!! and humanoid robots [35]. Researchers have built
several variations of ant-like robots with mechanical limbs
and cameras that are capable of “exploring” mazes and using
cooperative strategies similar to those of ants to move about
in different environments. Al researchers are finding ways to
combine sampling from explicit external phenomena (“see-
ing”) with implicit internal activities (“thinking”) to create
biomorphic robots capable of facial expressions that make
them appear “sociable” to humans. '?

Neurologists view the human brain as having three
layers—primitive, paleopallium, and neopallium—that op-
erate like “three interconnected biological computers, [each]
with its own special intelligence, its own subjectivity, its
own sense of time and space, and its own memory” [36].
From an Al viewpoint, the biomorphic equivalents of the
three layers are action intelligence, autonomous intelli-
gence, and Human-Based Intelligence (Fig. 1). Action intel-
ligence functions are analogous to nervous system responses
that coordinate sensory and behavioral information, thereby

http://www.cis.plym.ac.uk/cis/InsectRobotics/Homepage.htm.

2http://www.ai.mit.edu/projects/humanoid-robotics-group/kismet/
kismet.html.
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giving a robot the ability to control head and eye move-
ment [37], move spatially [38], operate machine arms to
manipulate objects [39], and visually inspect its immediate
environment [40]. Autonomous intelligence refers to capa-
bilities for solving problems involving pattern recognition,
automated scheduling, and planning based on prior expe-
rience [41]. Such behaviors are logical and programmable,
but not conscious.

We are currently in a developmental period bridging ac-
tion intelligence and autonomous intelligence, with robots
such as AIBO,!3 QRIO [42], and Roombal# on the verge
of being lab tested, manufactured, and sold. These simple
and small robots are strong indicators of Next Generation
Robots potential and the coming human-robot co-existence
age. Even as “pioneer” robots, they have remarkable abili-
ties to perform specific tasks according to their built-in au-
tonomous intelligence—for instance, AIBO and QRIO ro-
bots have been programmed to serve as companions for the
elderly, and Roomba robots as housecleaners. However, they
cannot make decisions concerning self-beneficial actions or
decide what is right or wrong based on a sense of their own
value.

At the third level is Human-Based Intelligence—higher
cognitive abilities that allow for new ways of looking at
one’s environment and for abstract thought, also referred to
as “mind” and “real intelligence”. Since a universally ac-
cepted definition of human intelligence has yet to emerge,
there is little agreement on a definition for Human-Based In-
telligence. Many suggestions and predictions appear to bor-
row liberally from science fiction, such as Human-Based In-
telligence robots forming a new species with the long-term
potential of gaining power over humans [43, 44]. In real-
world contexts, researchers are experimenting with ways

Bhttp://support.sony-europe.com/aibo/.
Yhttp://www.irobot.com/sp.cfm?pageid=122/.
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of combining action intelligence, autonomous intelligence,
and human-based intelligence to act more human-like and
to “comprehend complex ideas, learn quickly, and learn
from experience” [45]. Human-Based Intelligence research
started in the 1950s—roughly the same time as research on
artificial intelligence, with which human-based intelligence
is closely associated. One of the earliest and most famous
efforts to examine human-based intelligence potential con-
sisted of what is now known as the “Turing Test” [46]. Tak-
ing a behaviorist perspective, Alan Turing defined human
intelligence as the ability “to respond like a human being,”
especially in terms of using natural language to communi-
cate. There have been many efforts at creating programs that
allow robots to respond like humans [47], but no Al program
has ever passed the Turing test and been accepted as a true
example of Human-Based Intelligence [48].

The legal and robot sociability problem issues that will
arise over the next few decades are intricately linked with ar-
tificial intelligence, which was originally conceived as “the
science and engineering of making intelligent machines, es-
pecially intelligent computer programs” [49]. Currently the
two primary focuses of Al research are conventional (or
symbolic) and computational; since intelligence still has
such a broad definition, the two handles separate human-
based intelligence parts. Conventional Al, which entails ra-
tional logical reasoning based on a system of symbols rep-
resenting human knowledge in a declarative form [50], has
been used for such applications as chess games (reason-
ing) [51], conversation programs (text mining),'> and for or-
ganizing domain-specific knowledge (expert systems) [52].
While conventional Al is capable of limited reasoning, plan-
ning, and abstract thinking, researchers acknowledge that
the use of symbols does not represent “mindful” compre-
hension, and is limited in terms of learning from experi-
ence [53].

Computational (non-symbol) AI [54] mimics natural
(e.g., genetic [55] or neural [56]) learning methods, and
allows for learning and adaptation based on environmen-
tal information in the absence of explicit rules—an impor-
tant facility for living creatures. Computational Al has ad-
vantages in terms of overcoming noise problems, working
with systems that are difficult to reduce to logical rules, and
especially for performing such tasks as robot arm control,
walking on non-smooth surfaces, and pattern recognition.
However, as proven by chess programs, computational Al
is significantly weaker than conventional Al in thinking ab-
stractly and following rules. Among researchers in the fields
of robotics and Al, the majority believes in the inevitability
of human-based intelligence becoming a reality following
breakthroughs in computational AI [57]. Others argue that

ISA.LICE. Al Foundation. Alicebot and AIML Documentation,
http://www.alicebot.org/documentation/.


http://support.sony-europe.com/aibo/
http://www.irobot.com/sp.cfm?pageid=122/
http://www.alicebot.org/documentation/

Int J Soc Robot (2009) 1: 267-282

275

computational and conventional Al are both examples of
behaviorism, and therefore will never capture the essence
of human-based intelligence [58]. They claim that reaching
that goal requires the development of an entirely new frame-
work for understanding intelligence [59].

Optimistic or not, the belief that human-based intelli-
gence robots will someday become a reality means that re-
searchers must consider Human-Based Intelligence when
predicting future robot safety and legal issues. They may
conclude—as does Shigeo Hirose of the Tokyo Institute of
Technology—that a prohibition on Human-Based Intelli-
gence is necessary. Hirose is one of a growing number of
researchers and robot designers resisting what is known as
the “humanoid complex” trend [60], based on his adherence
to the original goal of robotics: to invent useful tools for hu-
man use [61]. Alan Mackworth, past president of the Asso-
ciation for the Advancement of Artificial Intelligence [62],
frames the robot Human-Based Intelligence issue as “should
or shouldn’t we” as oppose “can or can’t we”. Mackworth
emphasizes the idea that goal-oriented robots do not require
what humans refer to as “awareness”, and therefore chal-
lenges the idea that we need to create human-based intelli-
gence for machines.

In “ROBOT: Mere Machine to Transcendent Mind” [63],
Carnegie Mellon Robotics Institute professor Hans Moravec
predicts that robot intelligence will “evolve” from lizard-
level in 2010 to mouse-level in 2020, to monkey level in
2030, and finally to human level in 2040—in other words,
some robots will strongly resemble first-existence entities by
mid-century. If true, future legislators interested in creating
robot-related laws must face the difficult task of maintain-
ing a balance between human and robots that will win broad
acceptance from their constituents. Our motivation for this
research is to give examples of robotics issues that future
legislators and policy makers will have to address.

First, we will have to respond to standard societal sus-
picions about new technology, as exemplified by people’s
reactions to the Woosung Road in China, the first railway
built in 1876 from Shanghai to Woosung. The speedy and
powerful locomotive was seen as a monster by the Chinese
that time, and finally, as a result of boycott, the Woosung
Road was closed by the government and all the railway sys-
tems were transferred to Taiwan in 1877. This situation is
very similar to Uncanny Valley, in which Masahiro Mori in-
troduced the hypothesis in 1970 that human observers will
respond with horror when faced with robots and other fac-
similes of humans that look and act like actual humans. It
now looks as though such suspicions and fears will be much
less than what Mori predicted, but people may still express
apprehension over blurred boundaries between humans and
robots unless acceptable Robot Ethics guidelines are estab-
lished.

In an earlier section we discussed the idea that robot re-
sponsibility should be regarded as human-owner responsi-

bility. If we allow Human-Based Intelligence robo-ts to be
manufactured and sold, the potential for any degree of robot
self-awareness means dealing with issues such as punish-
ment and a shift from human-centered to human-robot dual
values. This is one of the most important reasons why we
support a ban on installing Human-Based Intelligence soft-
ware in robotsperhaps permanently, but certainly not until
policy makers and robotists agree on these issues.

We also believe that creating Type 1 robots, in other
words, “programming robots to obey a set of legal and eth-
ical norms while retaining a high degree of autonomy re-
quires agreement on human-centered ethics based on hu-
man values. The challenge is integrating human legal norms
into robots so that they become central to robot behavior.
The most worrisome issue is the potential capability of late-
generation Human-Based Intelligence robots with signifi-
cant amounts of self-awareness to generate their own values
and ethics what we call Type 2 artificial ethics. Implement-
ing Type 2 robot safety standards means addressing a long
list of uncertainties for machines capable of acting outside
of human norms. We are nowhere near discussing-let alone
implementing policies for controlling Human-Based Intel-
ligence robot behavior, since we are very far from having
Human-Based Intelligence robots as part of our daily lives.
However, if the AI/Human-Based Intelligence optimists are
correct, the high risk of Human-Based Intelligence robots
will necessitate very specific guidelines.

A guiding principle for those guidelines may be catego-
rizing robots as Third Existence [64] entities, neither liv-
ing/biological (first existence) nor non-living/non-biological
(second existence). As described by Waseda University’s
Shuji Hashimoto, third existence machines will resemble
living beings in appearance and behavior, but they will not
be self-aware. We think this definition overlooks an impor-
tant human-robot co-existence premise: most Next Gener-
ation Robots will be restricted to levels of autonomous in-
telligence that fall far short of Human-Based Intelligence,
therefore their similarities with humans will be minor. As
Cynthia Breazeal from the MIT Personal Robots Group ob-
serves:

There’s a “fuzzy boundary” that’s very compelling for
us, where we are willing to see robots as not human,
but not exactly machine either [65].

According to the current legal system, robots are second-
existence human property, a status that may be inadequate
for the semi-autonomous Next Generation Robots that are
about to enter people’s homes and businesses especially in
terms of responsibility distribution in the case of accidents.
Asaro therefore proposes the creation of a new legal sta-
tus for robots as “quasi-persons” or “corporations,” while
Nugenborg prefers emphasizing the point we made earlier
about robot owners being responsible for their robots’ ac-
tions in the same manner as pet owners. In Nugenborg’s
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view, robots should be given a legal status somewhere be-
tween personality and property.

Third existence status for robots may be an acceptable
way of avoiding threats posed and impermanent caused by
the society, law, and technology. But if Moravec’s prediction
comes true, the day will come when Human-Based Intelli-
gence robots are a reality, and at that time we will be forced
to decide between strictly following third existence guide-
lines or completely redefining the societal role and status of
Human-Based Intelligence robots. If we choose the first re-
sponse, then we must ban Human-Based Intelligence. How-
ever, legal scholars currently looking at an unknown future
may yet find a way to make the second response work.

5 Safety Intelligence

In terms of safety standards, the primary difference in risk
between industrial robots and autonomous Next Genera-
tion Robots is that the first involves machine standards and
the second a mix of machine standards and open texture
risk from unpredictable interactions in unstructured envi-
ronments. Open-Texture Risk [66]—regarding language, any
term in a natural language has a central (core) meaning, but
the open texture character of language allows for interpre-
tations that vary according to specified domains, points of
view, time periods, etc. The open texture character of lan-
guage produces uncertainty and vagueness in legal interpre-
tations. Risk assessment associated with Next Generation
Robots autonomous behavior faces a similar dilemma in that
a core meaning exists, but the range of that core is difficult to
clearly define, resulting in what we refer to as open texture
risk. In a May 2006 paper on legislative issues pertaining to
Next Generation Robots safety, Japanese METI committee
members describe the difference in terms of pre- and post-
human—robot interaction responsibilities. In the following
discussion we will refer to them as pre- and post-safety reg-
ulations.

For industrial robots, safety and reliability engineering
decisions are guided by a combination of pre-safety (with
a heavy emphasis on risk assessment) and post-safety regu-
lations (focused on responsibility distribution). Pre-safety
rules include safeguards regarding the use and mainte-
nance of robot systems from the design stage (e.g., haz-
ard identification, risk assessment) to the training of robot
controllers. One example of this is the United Kingdom
Health and Safety Executive Office’s 2000 publication of
a set of industrial robot safety guidelines during installation,
commissioning, testing, and programming.'® Another ex-
ample is International Standardization Organization (ISO)

1Ohttp://products.ihs.com/Ohsis-SEO/113985.html.
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rules-especially ISO 10218-1:2006, which covers safety-
associated design, protective measures, and industrial robot
applications. In addition to describing basic hazards associ-
ated with robots, ISO rules are aimed at eliminating or ad-
equately reducing risks associated with identified hazards.
ISO 10218-1:2006 spells out safety design guidelines (e.g.,
clearance requirements) that extend ISO rules covering gen-
eral machine safety [67] to industrial robot environments.
Those rules address safety-related parts of control systems
and software design, but since the primary focus is on robot
arms and manipulators [68], they have limited application to
Next Generation Robots.

Designed and constructed according to very specific
standards, industrial robots are limited to performing tasks
that can be reduced to their corresponding mechanisms—
in other words, they cannot alter their mechanisms to meet
the needs of changing environments. Therefore, the primary
purpose for performing industrial robot risk assessments is
to design mechanisms that match pre-approved safety levels
(Fig. 2). Complex Next Generation Robots motions, multi-
object interactions, and responses to shifts in environments
resulting from complex interactions with humans cannot be
reduced to simple performance parameters. Next Generation
Robots and future Human-Based Intelligence designers and
manufacturers must instead deal with unpredictable hazards
associated with the legal concepts of core meaning and open
texture risk. Any term in a natural language has a core (cen-
tral) meaning, but the open texture characteristic of human
language [69] allows for interpretations that vary according
to specified domains, points of view, time periods, and other
factors, all of which can trigger uncertainty and vagueness in
legal interpretations. Autonomous Next Generation Robots
designers and programmers must therefore clearly define a
core meaning plus an acceptable and useful range of that
core.

The inherent unpredictability of unstructured environ-
ments makes it virtually impossible that we will ever see a
fail-safe mechanism that allows autonomous robots to solve
all open-texture problems. Consequently, Next Generation
Robots safety regulations will require a mix of pre-safety
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and post-safety mechanisms, the first using a robot’s Al
reasoning content to eliminate most risk, and the second
entailing a product liability system to deal with accidents
that do occur. A clear security issue will be limiting the
“self-control” of Next Generation Robots while still allow-
ing them to perform designated tasks. As one Roboethics
Roadmap author succinctly states, “operators should be able
to limit robot autonomy when the correct robot behavior
is not guaranteed.” Giving operators this capability requires
what we will call Safety Intelligence—that is, a system of ar-
tificial intelligence restrictions whose sole purpose is to pro-
vide safety parameters when semi-autonomous robots per-
form their tasks. Researchers have yet to agree on a founda-
tion for a Safety Intelligence system, but the most frequently
mentioned during the earliest stages of this discussion were
the “Three Laws of Robotics” established by Isaac Asimov
in his science fiction novel, I, Robot [70]:

1. First Law: A robot may not injure a human being or,
through inaction, allow a human being to come to harm.

2. Second Law: A robot must obey orders given it by human
beings, except when such orders conflict with the First
Law.

3. Third Law: A robot must protect its own existence as
long as such protection does not conflict with the First
or Second Law.

The first two laws represent a human-centered approach
to Safety Intelligence that agrees with the current consen-
sus of Next Generation Robots designers and producers. As
robots gradually take on greater numbers of labor-intensive
and repetitious jobs outside of factories and workplaces, it
will become increasingly important for laws and regulations
to support Safety Intelligence as a “mechanism of human
superiority” [71]. The third law straddles the line between
human- and machine-centered approaches. Since the pur-
pose of robot functionality is to satisfy human needs, they
must be designed and built in a manner so as to protect
themselves as human property, in contrast to biological or-
ganisms that protect themselves for their own existence. As
one magazine columnist has jokingly suggested, “A robot
will guard its own existence ... because a robot is bloody
expensive” [72].

In his introduction to another work of fiction, The Rest
of the Robots, Asimov wrote, “There was just enough am-
biguity in the Three Laws to provide the conflicts and un-
certainties required for new stories, and, to my great relief,
it seemed always to be possible to think up a new angle out
of the 61 words of the Three Laws” [73]. While those am-
biguities may be wonderful for writing fiction, they stand as
significant roadblocks to establishing workable safety stan-
dards for complex Next Generation Robots. In Roboethics
Roadmap, some contributing authors note that the Three
Laws raise many questions about Next Generation Robots
programming:

e Which kinds of ethics are correct and who decides?

e Will roboethics really represent the characteristics of ro-
bots or the values of robot scientists?

e How far can and should we go when we program ethics
into a robot?

Other robot researchers argue that Asimov’s laws and the
South Korean charter discussed in Sect. 3 still belong to the
realm of science fiction because they are not yet applicable.
Hiroshi Ishiguro of Osaka University, the co-creator of two
female androids named Repliee Q1 and Repliee Q2 [74],
believes it would be a mistake to accept Asimov’s laws as
the primary guiding principle for establishing robot ethics:

If we have a more intelligent vehicle [e.g., automo-
bile], who takes responsibility when it has an acci-
dent? We can ask the same question of a robot. Robots
do not have human-level intelligence [75].

Mark Tilden, the designer of a toy-like robot named Ro-
boSapien, says “the problem is that giving robots morals is
like teaching an ant to yodel. We’re not there yet, and as
many of Asimov’s stories show, the conundrums robots and
humans would face would result in more tragedy than util-
ity.” Ian Kerr, law professor at the University of Ottawa, con-
curs that a code of ethics for robots is unnecessary:

Leaving aside the thorny philosophical question of
whether an Al could ever become a moral agent, it
should be relatively obvious from their articulation
that Asimov’s laws are not ethical or legal guidelines
for robots but rather about them. The laws are meant
to constrain the people who build robots of exponen-
tially increasing intelligence so that the machines re-
main destined to lives of friendly servitude. The peck-
ing order is clear: robots serve people [76].

Currently, the two primary perspectives on the mix of Al
and safety are either creating artificial agents with safety-
oriented reasoning capabilities, or programming robots with
as many rules as required for ensuring the highest level of
safe behavior. Which perspective wins out will depend on
how policy makers, designers, and manufacturers address as
the Three Questions For Three Laws of Robotics we pro-
posed following:

Question of Machine Meta-ethics: Susan Leigh Ander-
son [20] argued that Asimov’s Three Laws of Robotics are
an unsatisfactory basis for machine ethics, regardless of the
status of the machine. She divided the robots into the robots
with moral standings and without moral standings. First, she
claimed that if the robots have moral standing then an eth-
ical theory must take the being into account, then she in-
troduced Warren’s lists of six characteristics to define per-
sonhood (moral standing), such as Sentience, Emotional-
ity, Reason, The capacity to communicate, Self-Awareness,
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Moral Agency [77], by Warren’s definition the robots with
Human-Based Intelligence could be seem with moral stand-
ings, and it’s immoral to forced robots with Human-Based
Intelligence to obey the Asimov’s Three Laws of Robot-
ics to “serve people” such as Ian Kerr said earlier. As the
robots without moral standings, Anderson introduced Im-
manuel Kant’s consideration that “humans should not mis-
treat the entity in question, even though it lacked rights it-
self” [78], he argued that even though animals lack moral
standing and can be used to serve the end of human beings,
we should still not mistreat them because he said “he who
is cruel to animals becomes hard also in his dealings with
men”. If the Third Existence robots are adopted to Asimov’s
three laws of robotics then it’s allowed to let people bully
or mistreat a robot. Therefore the three laws of robotics is
inadequate whether robot with or without moral standing.

Question of Formality: The ability to “think abstractly”
is uniquely human, and there is no way of being absolutely
sure of how robots will interpret and react to the abstract
meanings and vague terms used in human communication.
For example, humans know how to distinguish between
blood resulting from a surgical operation and blood resulting
from acts of violence. Making such distinctions requires the
ability to converse, to understand abstract expressions (es-
pecially metaphors), and to use domain knowledge to cor-
rectly interpret the meaning of a sentence. There are many
examples that illustrate just how difficult this task is; one is
Chomsky’s famous sentence showing the inadequacy of log-
ical grammar, “Colorless green ideas sleep furiously” [79],
and another is Groucho Marx’s line, “Time flies like an ar-
row, fruit flies like a banana”.!” Such examples may explain
Asimov’s description of robots as “logical but not reason-
able” [80]. Therefore Asimov’s Laws are facing a challenge
for its “Formality” or “media to access the legal content”,
for people, we are used to let nature language be the me-
dia to access the content of law, however excepted for the
Human-Based Intelligence robots the next generation robots
are lacking the abstract ability to using nature language like
human being in daily life.

Question of Regulation: Here the major issue is decid-
ing whether or not Next Generation Robots need doctri-
nal reasoning powers. In other words how could we en-
sure that Next Generation Robots could enforce the three
laws fully according such norms that human defined. In the
early part we have already mentioned the artificial ethics
Type 1 and Type 2. If we allow autonomous robots to define
their own concepts of “safety”, that means giving them the
power to decide both when and how to react to stimuli. At
some point those decisions will require artificial ethical and
morality reasoning—the ability to distinguish between right

Thttp://www.quotationspage.com/quote/26.html.
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and wrong. When considering “Morality Engineering”, ro-
botists such as Shigeo Hirose argue that in conflicts involv-
ing doctrinal reasoning and morality, the Three Laws may
become contradictory or at risk of being set aside in favor
of human requirements [81]. Using an extreme example, ro-
bots could be programmed to commit homicide under spe-
cific circumstances based on the wishes of a human majority.
This example touches on two fears that many people have
when they consider autonomous robots: they are troubled
by the idea of letting robots obey rules that are impossible
to express legislatively, and fearful of letting them defend
laws established by imperfect humans. Human-Based Intel-
ligence robots with Type 2 artificial ethics blends its own
values while interpreting the three laws, thus causing ambi-
guity within itself: should it abide by human law or its own
robot law?

In an earlier section we concluded that Asimov’s Three
Laws of Robotics would be difficult to put into practice to
achieve real-world Safety Intelligence. There are three rea-
sons why those laws cannot be used with Human-Based In-
telligence robots. First, machine meta-ethics are considered
moral entities, and it would be immoral to force machines
to obey the three laws in order to serve humans as Kant ar-
gued, people cannot mistreat beings that do not have moral
standing. Second, in terms of regulation the Three Laws are
unsuitable because Type 2 artificial ethics pose significant
incentives for robots to be law-abiding. Third, regarding for-
mality, the Three Laws cannot be applied to entities that lack
the ability to think abstractly or to use human legal language
competently.

Asimov’s Three Laws of Robots have proven useful in
giving robotists an early framework for discussing issues
tied to robot behavior. However, they are ultimately unsat-
isfactory for any safety regulation model that emphasizes
Safety Intelligence during design stages. Robotists must
therefore search for a new approach to address these com-
plex issues.

6 Legal Machine Language

The legal architecture of Human-Next Generation Robots
interaction (including legal positions, usability, and content)
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is one of the most important issues for establishing the legal
regulation of robots. It is hard to predict what the final solu-
tion will look like because of the number of open questions
that remain. However, some existing concepts will affect the
form of the legal architecture that eventually emerges. Here
we will describe our proposal for an alternative Legal Ma-
chine Language based on two principles: Code is Law and
Embedded Ethics.

Lawrence Lessig submitted “Code is Law” in 1998 [82],
and he has noted that behavior is regulated by four kinds
of constraints, such as Law, Social norms, the Market, and
Nature—or what he called “Architecture”. Since the Archi-
tecture of Cyberspace is absolutely built by code, the code
could be an useful constraint to regulate user behavior or
preserve crucial values such as Freedom or Privacy in Cy-
berspace. Therefore, using the code to regulate Cyberspace
becomes another possible way. In the same reason the social
control of Next Generation Robots should not be limited to
“Dog Law” model, adopting the law described by human
legal language in human society, is directly obeyed by hu-
man and indirectly obeyed by others such like robots. Next
Generation Robots as “Virtual Agents into the Real World”
is code-based artificial entities itself. The code or the archi-
tecture of Next Generation Robots could also be a regulator
for its autonomy if we can define, formalize, and implement
safety action without the need of moral reasoning.

Nature gives us many examples of animals interacting
safely without complex moral judgments [83]. For example,
flocking [84], as a common demonstration of emergent be-
havior for group of creatures such as birds or fishes could be
seen as nature’s traffic rules. When birds of the same species
migrate, their shared genetic background allows them to fly
in close or V-shaped formations without colliding—an im-
portant feature for shared and individual survival. Safe in-
teraction requires adherence to a set of simple non-verbal
safety rules shared by all members of the population: avoid
crowding neighboring birds, fly along the same heading, or
fly along the same average heading as neighboring birds.
This zoological concept of flocking is considered useful for
controlling unmanned aircraft [85] and other machines [86]
including Next Generation Robots [§7-90]. In an earlier sec-
tion we discussed that a combination of action intelligence
and autonomous intelligence is sufficient to recognize situa-
tions, avoid misunderstandings, and prevent accidents with-
out processing ethics, performing morality reasoning func-
tions, and making right/wrong decisions. Therefore robots
only need to handle safety interaction and solely applied
moral precept from human. In Ronald C. Arkin’s words,

We do not want the agent to be able to derive its own
beliefs regarding the moral implications. .., but rather
to be able to apply those that have been previously
derived by humanity [91].

Arkin has provided a possible framework embedded
ethics into robots without Asimov’s Three Laws of Robot-
ics [91]. In his framework, there are (a) Ethical Behavior
Control / Ethical Governor, (b) Human Robot Interface,
and (c) Responsibility Advisor; the three components work
cooperatively to form an ethical autonomous agent. First
of all, Ethical Behavior Control / Ethical Governor Com-
ponents, working as ex post facto suppression of uneth-
ical behavior, could be viewed as genetically built-in re-
flex system inside humans and animals. Ethical Behavior
Control / Ethical Governor suppresses, restricts, or trans-
forms unethical behavior and trigger protective behaviors
by deliberative/reactive trigger protective behaviors. There-
fore autonomous robot would have the ongoing ability to
assess changing situations accurately and to correctly re-
spond to complex real-world conditions. Second, Human
Robot Interface, including body language, gesture [92], sim-
ple command, facial expression [93] and construct language
like Loglan (identified as potentially suitable for human-
computer communication due to its use of predicate logic,
avoidance of syntactical ambiguity, and conciseness) gives
both robot and human ability to be aware current situa-
tion. Human Robot Interface is used to prevent misunder-
standing, predict influence, and consider possible correc-
tive action [94]. Human Robot Interface design patterns
should be defined as clear and explicit as possible, thereby
Next Generation Robots could take immediate protective
reactions in human-predictable ways as to mitigate risks
tied to language-based misunderstandings or unstable au-
tonomous behaviors. Third, Responsibility Advisor defined
as “a mechanism in support of identifying and advising
operators regarding the ultimate responsibility for the de-
ployment of such a system” [91]. Responsibility Advisor,
as a component of legal architecture notices each unethi-
cal behavior due to either human operator’s override or au-
tonomous robot’s representational deficiency. Either by giv-
ing robot rights to refuse an unethical order or by limiting
human to use robot ethically, we could define an explicit in-
teraction rule set and a legal architecture that can be applied
to all kinds of Next Generation Robots, one that accommo-
dates the needs of a human-robot co-existence society in
terms of simplicity and accountability.

In its current form, our proposal emphasizes three com-
ponents of embedded ethics of Human—Next Generation Ro-
bots interaction: (a) the ongoing ability to assess changing
situations accurately and to correctly respond to complex
real-world conditions; (b) immediate protective reactions
in human-predictable ways so as to mitigate risks tied to
language-based misunderstandings or unstable autonomous
behaviors; and (c) an explicit interaction rule set and a legal
architecture that can be applied to all kinds of Next Genera-
tion Robots. Unlike the Three Law of Robotics, these three
components, could be encoded by code and embedded di-
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rectly inside autonomous intelligent of Next Generation Ro-
bots. As Lessig says “Architecture structures and constrains
social and legal power, to the end of protecting fundamental
values” [95].

Legal Machine Language could be a possible way for
law regulation on Next Generation Robots’ Open-Texture
Risk, however in order to achieve the three criteria we men-
tioned earlier, the cross-fields conversation between Law
and Robotics is necessary, at present the two characters of
Legal Machine Language—"“Code is Law” and “Embedded
Ethics” provide a chance to review what’s the adequate for-
mality of law and how to implement the legal value lit-
erally obeyed by Next Generation Robots under the basis
of Human—Robot Interaction in an environment that human
and robots co-exist.

7 Conclusion

Emerging trends associated with Next Generation Rob-ots
point to the day when robots will enter human society in
large numbers, while engineers address all kinds of techni-
cal issues, a mix of engineers, social scientists, legal schol-
ars, and policy makers will be making important decisions
regarding robot sociability. In all cases, one of the priority
concerns must be robot safety, since the emphasis for the
future will be on human-robot Co-Existence.

In this paper we described a Safety Intelligence con-
cept that can be separated into two dimensions. The first in-
volves ethics—a special “Third Existence” status for robots
and a recommended ban on equipping Next Generation Ro-
bots with Human-Based Intelligence. The second involves
a mix of third existence designation and a Legal Machine
Language designed to resolve issues associated with Open-
Texture Risk. An important task for researchers is determin-
ing the structure and details of a Legal Machine Language
part of an emerging field of legal research that we refer to as
Robot Legal Studies.

References

1. Unsigned Editorial (2004) Toward 2025 Human-Robot Co-
existence Society: The next generation robot vision seminar re-
port. Japanese Ministry of Economy, Trade and Industry (METI),
Tokyo

2. Ge SS (2007) Social robotics: The integration of advances
in engineering and computer science. In: The 4th annual
international conference organized by Electrical Engineer-
ing/Electronics, Computer, Telecommunication and Information
Technology (ECTI) Association, Chiang Rai, Thailand, May 9-
12, 2007. Keynote Speaker

3. Unsigned Editorial (2007) Long-term strategic guidelines “Inno-
vation 25” (unofficial translation) at 60. Cabinet Office, Gov-
ernment of Japan. Available via www, http://www.cao.go.jp/
innovation/index.html, Accessed Sep 25 2008

@ Springer

10.

11.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Lovgren S (2006) A robot in every home by 2020, South Korea
Says. In: National Geographic News. Available via www, http://
news.nationalgeographic.com/news/2006/09/060906-robots.html,
Accessed Feb 12 2009

Etengoff A (2008) US military to develop ‘ethical’ robots. In:
ITEXAMINER. Available via www, http://www.itexaminer.com/
us-military-to-develop-ethical-robots.aspx, Accessed December 4
2008

Inoue H, Hirukawa H (2001) HRP: Humanoid robot project of
MITI. J Robotics Soc Jpn 19(1):2—7 (in Japanese)

Wabot-House Lab (2004) Wabot-House Lab annual report for Hei-
sei 15 Year 1. Waseda University, Tokyo (in Japanese)

Cabinet Secretariat, Office for the Promotion of Special Zones for
Structure Reform (2003) Special zones for structure reform. Japan
Government. Available via www, http://www.kantei.go.jp/foreign/
policy/kouzou2/sanko/030326setumei_e.pdf, Accessed Sep 25
2008

Sugano S (2002) Wabot-House project. In: Advances in science,
technology and environmentology (ASTE), Annual Report of
RISE (Research Institute of Science and Technology), Waseda
University, Tokyo at A10 (in Japanese)

Inaba A, Chihara K (2004) The robot project 21. J Robotics Soc
Jpn 22(7):818-821 (in Japanese)

Miyamoto K (2004) Viewpoint on robot rescue development and
support by Kanagawa Prefecture. J Robotics Soc Jpn 22(7):827—
828 (in Japanese)

Asada M (2005) From synergistic intelligence to RoboCity CoRE.
J Robotics Soc Jpn 23(8):942-945 (in Japanese)

Cerf VG (2007) The disruptive power of networks. In: Forbes
Asia, May-7-2007 Issue, pp 7677

Gibson JJ (1977) The theory of affordances. In: Shaw R, Brans-
ford J (ed) Perceiving, acting, and knowing: Toward an ecological
psychology. Hillsdale, NJ, pp 67-82

Sasaki M (2006) An introduction to the theory of affordances. J
Robotics Soc Jpn 24(7):776-782 (in Japanese)

Levy D (2007) Love and sex with robots: The evolution of human—
robot relationships. Harper Collins, New York

IPCC (2001) IPCC third assessment report: Climate change
2001. Available via www, http://www.ipcc.ch/ipccreports/
assessments-reports.htm, Accessed at Feb 12 2009

Levy D (2006) Robots unlimited: Life in a virtual age. AK Peters
(ed). Wellesley, MA

Unsigned Editorial (2006) Roboethics roadmap release 1.1. Euro-
pean robotics research network. Available via www, http://www.
roboethics.org/atelier2006/docs/ROBOETHICS %20ROADMAP
%20Rel2.1.1.pdf, Accessed at Feb 12 2009

Anderson SL (2008) Asimov’s “three laws of robotics” and ma-
chine metaethics. AI Soc 22(4):477-493

Shim HB (2007) Establishing a Korean robot ethics charter. In:
IEEE ICRA workshop on roboethics, April 14 2007, Rome,
Italy. Available via www, http://www.roboethics.org/icra2007/
contributions/slides/Shim_icra%?2007_ppt.pdf, Accessed at Feb
12 2009

Unsigned Editorial (2006) Robots could demand legal rights.
In: BBC News. Available via www, http://news.bbc.co.uk/2/hi/
technology/6200005.stm, Accessed at Feb 12 2009

Unsigned Editorial (2006) Robot rights? It could happen, U.K.
government Told. In: CBC news. Available via www, http://www.
cbe.ca/technology/story/2006/12/21/tech-freedom.html, Accessed
at Feb 12 2009

Nagenborg M, Capurro R, Weber J, Pingel C (2008) Ethical regu-
lations on robotics in Europe. Al Soc 22(3):349-366

Asaro P (2007) Robots and responsibility from a legal per-
spective. In: IEEE ICRA’07 workshop on roboethics, April 14,
2007, Rome, Italy. Available via www, http://www.peterasaro.org/
writing/ASARO%20Legal %20Perspective.pdf, Accessed at Feb
12 2009


http://www.cao.go.jp/innovation/index.html
http://www.cao.go.jp/innovation/index.html
http://news.nationalgeographic.com/news/2006/09/060906-robots.html
http://news.nationalgeographic.com/news/2006/09/060906-robots.html
http://www.itexaminer.com/us-military-to-develop-ethical-robots.aspx
http://www.itexaminer.com/us-military-to-develop-ethical-robots.aspx
http://www.kantei.go.jp/foreign/policy/kouzou2/sanko/030326setumei_e.pdf
http://www.kantei.go.jp/foreign/policy/kouzou2/sanko/030326setumei_e.pdf
http://www.ipcc.ch/ipccreports/assessments-reports.htm
http://www.ipcc.ch/ipccreports/assessments-reports.htm
http://www.roboethics.org/atelier2006/docs/ROBOETHICS%20ROADMAP%20Rel2.1.1.pdf
http://www.roboethics.org/atelier2006/docs/ROBOETHICS%20ROADMAP%20Rel2.1.1.pdf
http://www.roboethics.org/atelier2006/docs/ROBOETHICS%20ROADMAP%20Rel2.1.1.pdf
http://www.roboethics.org/icra2007/contributions/slides/Shim_icra%2007_ppt.pdf
http://www.roboethics.org/icra2007/contributions/slides/Shim_icra%2007_ppt.pdf
http://news.bbc.co.uk/2/hi/technology/6200005.stm
http://news.bbc.co.uk/2/hi/technology/6200005.stm
http://www.cbc.ca/technology/story/2006/12/21/tech-freedom.html
http://www.cbc.ca/technology/story/2006/12/21/tech-freedom.html
http://www.peterasaro.org/writing/ASARO%20Legal%20Perspective.pdf
http://www.peterasaro.org/writing/ASARO%20Legal%20Perspective.pdf

Int J Soc Robot (2009) 1: 267-282

281

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.

Robot Policy Council (2005) Robot policy middle report — May
2005 version. Japan Ministry of Economy, Trade and Industry (in
Japanese)

RIDC Council (2003) Founders’ Statement. Robotics Industry De-
velopment Council. Available via www, http://www.f-robot.com/
tokku/tokku.html, Accessed at Feb 12 2009

Robot Policy Council (2006) Robot Policy Council report — May
2006 version. Japan Ministry of Economy, Trade and Industry (in
Japanese)

Kaplan F (2004) Who is afraid of the humanoid? Investigating
cultural differences in the acceptation of robots. Int J Humanoid
Robotics 1(3):465-480

Bing J (2008) The riddle of the robots. J Int Commer Law Technol
3(3):197-206

Harashima F (2007) Intelligent mechatronics systems go around
with human. J Robotics Soc Jpn 25(1):20-24 (in Japanese)

U.S. Joint Forces Command (2003) Military robots of the future.
In: About.com: US military. Available via www, http://usmilitary.
about.com/cs/weapons/a/robots.htm, Accessed at Feb 12 2009
Lewis MA, Sim LS (2001) Certain principles of biomorphic ro-
bots. Auton Robots 11(3):221-226

Tanev I, Ray T, Buller A (2004) Evolution, robustness, and adap-
tation of sidewinding locomotion of simulated snake-like robot.
Genet Evol Comput 3102:627-639

Faiola A (2005) Humanoids with attitude: Japan embraces
new generation of robots. In: The Washington Post. Avail-
able via www, http://www.washingtonpost.com/wp-dyn/articles/
A25394-2005Mar10.html, Accessed at Feb 12 2009

MacLean PD (1990) The triune brain in evolution: role in paleo-
cerebral functions. Springer, London

Hager GD, Chang WC, Morse AS (1995) Robot hand-eye coordi-
nation based on stereo vision. IEEE Control Syst Mag 15(1):30—
39

Lewis MA, Fagg AH, Solidum A (1992) Genetic programming
approach to the construction of a neural network for control of a
walking robot. In: Proceedings of the IEEE International Confer-
ence on Robotics and Automation, pp 2618-2623

Chapin JK, Moxon KA, Markowitz RS, Nicolelis MAL (1999)
Real-time control of a robot arm using simultaneously recorded
neurons in the motor cortex. Nature Neurosci 2:664-670
Dickmanns ED (1988) Dynamic computer vision for mobile ro-
bot control. In: Proceedings of the 19th international symposium
industrial robots, pp 314-327

Koditschek DE (1989) Robot planning and control via potential
functions. Robotics Rev 1:349-367

Yeomans M (2005) Qrio dances Into spotlight at Carnegie Mellon
Center. In: Pittsburgh Tribune-Review. Available via www,
http://www.pittsburghlive.com/x/pittsburghtrib/s_298114.html,
Accessed at Feb 12 2009

Neisser U, Boodoo G, Bouchard Jr TJ et al (1996) Intelligence:
Knowns and unknowns. Am Psychol 51(2):77-101

Asimov I (1976) Bicentennial man. Ballantine, New York
Gottfredson LS (1997) Mainstream science on intelligence. Intel-
ligence 24:13-23

Turing A (1950) Computing machinery and intelligence. Mind
1:433-460

Unsigned Editorial (2007) Emotion robots learn from people.
In: BBC News. Available via www, http:/news.bbc.co.uk/2/hi/
technology/6389105.stm, Accessed at Feb 12 2009

Saygin AP, Cicekli I, Akman V (2000) Turing test: 50 years later.
Minds Mach 10(4):463-518

McCarthy J (2007) What is artificial intelligence? In: John Mc-
Carthy’s home page. Available via www, http://www-formal.
stanford.edu/jmc/whatisai/whatisai.html, Accessed at Feb 12
2009

Newell A, Simon HA (1995) GPS: A program that simulates hu-
man thought. In: Computers and thought. MIT, Cambridge, pp
279-293

51

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

Hsu FH, Campbell M, Hoane Jr AJ (1995) Deep blue system
overview. In: Proceedings of the 9th international conference on
supercomputing, pp 240-244

Lederberg JD (1987) How dendral was conceived and born. In:
Proceedings of the 1987 Association for Computing Machinery
Conference on history of medical informatics, pp 5-19

Dreyfus HL, Dreyfus SE (1986) From Socrates to expert systems:
The limits and dangers of calculative rationality. In: Mitcham C,
Huning A (eds) Philosophy and technology II: Information tech-
nology and computers in theory and practice. Springer, New York,
pp 111-130

Engelbrecht AP (2002) Computational intelligence: An introduc-
tion. Wiley, New York

Mitchell M (1996) An introduction to genetic algorithms. MIT,
Cambridge

Abdi H (1994) A neural network primer. J Biol Syst 2:247-281
Warwick K (2004) March of the machines. University of Illinois
Press, Chicago

Penrose R (1989) The emperor’s new mind. Oxford University
Press, New York

Hawkins J, Blakeslee S (2006) On intelligence. Yuan-Liou, Taipei
(in Chinese)

Tajika N (2001) The future astro boy. ASCOM, Tokyo (in
Japanese)

Kamoshita H (2005) The present and future of robots. X-media,
Tokyo (in Japanese)

Unsigned Editorial (2007) What is a robot? In: CBC News.
Available via www, http://www.cbc.ca/news/background/tech/
robotics/definition.html, Accessed at Feb 12 2009

Moravec H (1999) ROBOT: Mere machine to transcendent mind.
Oxford University Press, New York

Hashimoto S (2003) The Robot generating an environment and
autonomous. In: Ojima T, Yabuno K (eds) The book of wabot 2.
Chuko, Tokyo (in Japanese)

Lillington K (2008) So robots are social animals after all.
In: Irish Times. Available via www, http://www.irishtimes.com/
newspaper/finance/2008/1128/1227739081265.html, Visited Feb
12,2009

Weng YH, Chen CH, Sun CT (2007) The legal crisis of next
generation robots: On safety intelligence. In: Proceedings of the
11th international conference on artificial intelligence and law
(ICAIL’07), Stanford, CA, USA. ACM, New York, pp 205-209
International Organization for Standardization (2006) ISO 13849-
1:2006 Safety of machinery — Safety-related parts of control sys-
tems — Part 1: General principles for design. Available via www,
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_
detail.htm?csnumber=34931, Accessed at Feb 12 2009
International Organization for Standardization (1994) ISO
8373:1994 Manipulating industrial robots — Vocabulary. Avail-
able via www, http://www.iso.org/iso/iso_catalogue/catalogue_tc/
catalogue_detail.htm?csnumber=15532, Accessed at Feb 12 2009
Lyons D (1999) Open texture and the possibility of legal interpre-
tation. Law Philos 18(3):297-309

Asimov I (1950) Robot. Gnome Press, New York

Fodor JA (1987) Modules, frames, fridgeons, sleeping dogs and
the music of the spheres. In: Pylyshyn Z (ed) The robot’s dilemma:
The frame problem in artificial intelligence. Kluwer, Hingham
Langford D (2006) It’s the law. In: SFX 146. Available via
www, http://www.ansible.co.uk/sfx/sfx146.html, Accessed at Feb
12 2009

Asimov I (1964) The rest of the robots. Collins, New York
Whitehouse D (2005) Japanese develop “female” android. In:
BBC News. Available via www, http://news.bbc.co.uk/1/hi/sci/
tech/4714135.stm, Accessed at Feb 12 2009

Lovgren S (2007) Robot codes of ethics to prevent android
abuse, protect humans. In: National geographic news. Avail-
able via www, http://news.nationalgeographic.com/news/2007/03/
070316-robot-ethics.html, Accessed at Feb 12 2009

@ Springer


http://www.f-robot.com/tokku/tokku.html
http://www.f-robot.com/tokku/tokku.html
http://usmilitary.about.com/cs/weapons/a/robots.htm
http://usmilitary.about.com/cs/weapons/a/robots.htm
http://www.washingtonpost.com/wp-dyn/articles/A25394-2005Mar10.html
http://www.washingtonpost.com/wp-dyn/articles/A25394-2005Mar10.html
http://www.pittsburghlive.com/x/pittsburghtrib/s_298114.html
http://news.bbc.co.uk/2/hi/technology/6389105.stm
http://news.bbc.co.uk/2/hi/technology/6389105.stm
http://www-formal.stanford.edu/jmc/whatisai/whatisai.html
http://www-formal.stanford.edu/jmc/whatisai/whatisai.html
http://www.cbc.ca/news/background/tech/robotics/definition.html
http://www.cbc.ca/news/background/tech/robotics/definition.html
http://www.irishtimes.com/newspaper/finance/2008/1128/1227739081265.html
http://www.irishtimes.com/newspaper/finance/2008/1128/1227739081265.html
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=34931
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=34931
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=15532
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=15532
http://www.ansible.co.uk/sfx/sfx146.html
http://news.bbc.co.uk/1/hi/sci/tech/4714135.stm
http://news.bbc.co.uk/1/hi/sci/tech/4714135.stm
http://news.nationalgeographic.com/news/2007/03/070316-robot-ethics.html
http://news.nationalgeographic.com/news/2007/03/070316-robot-ethics.html

282

Int J Soc Robot (2009) 1: 267-282

76.

71.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

Kerr I (2007) Minding for machines. In: Ottawa citizens news.
Available via www, http://www.canada.com/ottawacitizen/news/
opinion/story.html?id=e58202bb-{737-4ba7-a0ad-79e807 1a1534,
Accessed at Feb 12 2009

Warren MA (1997) On the moral and legal status of abortion. In:
LaFollette H (ed) Ethics in practice. Blackwell, Oxford

Kant I (1780) Our duties to animals. In: Infield L (trans.). Lectures
on ethics. Harper and Row, New York, pp 239-241

Chomsky N (1957) Syntactic structures. Walter de Gruyter, New
York

Asimov I (1957) The naked Sun. Doubleday, New York

Hirose S (1989) A robot dialog. J Robotics Soc Jpn 7(4):121-126
(in Japanese)

Lessig L (1998) The laws of cyberspace - draft 3. In: Proceedings
of the Taiwan Net’98 conference, Taipei, Taiwan

Arkin RC (1998) Behavior-based robotics. MIT, Cambridge, pp
31-62

Spector L, Klein J, Perry C, Feinstein M (2003) Emergence of
collective behavior in evolving populations of flying agents. Pro-
ceedings of the genetic and evolutionary computation

Gabbai JME (2005) Complexity and the aerospace industry: Un-
derstanding emergence by relating structure to performance using
multi-agent systems. Doctoral thesis, University of Manchester
Reynolds CW (1987) Herds and schools: A distributed behavioral
model. Comput Graph 21(4):25-34

Bekey GA, Tomovic R (1986) Robot control by reflex actions. In:
Proceedings of the 1986 IEEE international conference on robot-
ics and automation, pp 240-247

@ Springer

88.

89.

90.

91.

92.

93.

94.

95.

Zhang X, Zheng H, Duan G, Zhao L (2002) Bio-reflex-based ro-
bot adaptive motion controlling theory. In: Proceedings of the 4th
world congress on intelligent control and automation, pp 2496—
2499

Newman WS (1989) Automatic obstacle avoidance at high speeds
via reflex control. In: Proceedings of the 1989 IEEE international
conference on robotics and automation, pp 1104-1109

Wikman TS, Branicky MS, Newman WS (1993) Reflexive colli-
sion avoidance: A generalized approach. In: Proceedings of the
1993 IEEE international conference on robotics and automation,
pp 31-36

Arkin RC (2008) Governing lethal behavior: embedding ethics in
a hybrid deliberative/reactive robot architecture. In: Proceedings
of the 3rd ACM/IEEE international conference on human robot
interaction, HRI 08

Ge SS, Yang Y, Lee TH (2008) Hand gesture recognition and
tracking based on distributed locally linear embedding. Image Vis
Comput 26:1607-1620

Yang Y, Ge SS, Lee TH, Wang C (2008) Facial expression recog-
nition and tracking for intelligent human-robot interaction. J Intel
Serv Robotics 1(2):143-157

Brooks AG, Arkin RC (2007) Behavioral overlays for non-verbal
communication expression on a humanoid robot. Auton Robots
22(1):55-74

Lessig L (1999) Code and other laws of cyberspace. Basic Books,
New York


http://www.canada.com/ottawacitizen/news/opinion/story.html?id=e58202bb-f737-4ba7-a0ad-79e8071a1534
http://www.canada.com/ottawacitizen/news/opinion/story.html?id=e58202bb-f737-4ba7-a0ad-79e8071a1534

Taylor & Francis
Taylor & Francis Group

=0 Advanced Robotics
H’DB_DTFCS

o ¢ A P B 3 o b £

ISSN: 0169-1864 (Print) 1568-5535 (Online) Journal homepage: https://www.tandfonline.com/loi/tadr20

Beyond Robot Ethics: On a Legislative Consortium
for Social Robotics

Yueh-Hsuan Weng

To cite this article: Yueh-Hsuan Weng (2010) Beyond Robot Ethics: On a Legislative Consortium
for Social Robotics, Advanced Robotics, 24:13, 1919-1926, DOI: 10.1163/016918610X527220

To link to this article: https://doi.org/10.1163/016918610X527220

% Published online: 02 Apr 2012.

\J
CJ/ Submit your article to this journal &

||I| Article views: 343

A
& View related articles '

@ Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tadr20


https://www.tandfonline.com/action/journalInformation?journalCode=tadr20
https://www.tandfonline.com/loi/tadr20
https://www.tandfonline.com/action/showCitFormats?doi=10.1163/016918610X527220
https://doi.org/10.1163/016918610X527220
https://www.tandfonline.com/action/authorSubmission?journalCode=tadr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tadr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1163/016918610X527220
https://www.tandfonline.com/doi/mlt/10.1163/016918610X527220
https://www.tandfonline.com/doi/citedby/10.1163/016918610X527220#tabModule
https://www.tandfonline.com/doi/citedby/10.1163/016918610X527220#tabModule

HIVSPIHI Advanced Robotics 24 (2010) 1919-1926 HOBOTICS

brill.nl/ar

Short paper

Beyond Robot Ethics: On a Legislative Consortium for
Social Robotics

Yueh-Hsuan Weng ***

* Peking University Law School, Beijing, P. R. China
® Yushan Studio for Artificial Intelligence and Law, No. 5 Yiheyuan Road, Haidian District, Beijing,
100871, P. R. China

Received 5 October 2009; revised 4 June 2010; accepted 10 June 2010

Abstract

As robots are increasingly integrated into human society, associated problems will resemble or merge with
those in other fields — we can refer to this phenomenon as the ‘robot sociability problem’. In this paper,
the author first analyzes the dynamic relationship between robot ethics, robotics and robot law, and then
proposes a ‘practical robots’ approach for solving the robot sociability problem. As this approach is based
on legal regulations, the author posits that a functional platform such as a ‘legislative consortium for social
robotics’ is crucial at the initial stage for social robotics development. In conclusion, the author discusses
how a legislative consortium for social robotics will be a useful approach for solving the robot sociability
problem, especially emerging structural legislative problems that are related to autonomous robots.

© Koninklijke Brill NV, Leiden and The Robotics Society of Japan, 2010
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1. Introduction

The term ‘roboethics’ (robot ethics) was first officially mentioned in a sympo-
sium that was organized by several European robotics institutes in 2004 [1]. Fol-
lowing this, the European Robotics Research Network (EURON) published the
‘Roboethics Roadmap’ [2] and the South Korean government has prepared a draft of
a ‘Robot Ethical Charter’ [3] as a guideline for building a human—robot co-existing
society. In addition, the Japanese Ministry of Economy, Trade and Industry (METT)
has issued a series of ‘Robot Policies’ that address business applications [4], safety
regulation proposals [5] and the creation of a sound service robot market for the
next two decades.
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Robots with the capacity to perform autonomous behaviors can adapt to com-
plex environments and interact with humans. As robots are increasingly integrated
into human society, associated problems will resemble or merge with those in other
fields — we can refer to this issue as the ‘robot sociability problem’ [6]. Sociability
is a skill, tendency or property of being sociable or social, of interacting well with
others [7]. This ability is important to human beings, but because robot sociability is
artificial, the relationship between humans and robots can be controlled by humans.
The author proposes that a design for robot sociability be divided into two aspects:
one is technically centered on human-robot interaction and the other is legally ori-
ented, determining the ethics, policy and law to be applied to independent robots,
hereafter referred to as the ‘social system design’.

In this paper, the author focuses on the robot sociability problem from a legal
perspective, especially the robot legislative issue; note that the discussion is limited
to structural problems for developing robot laws and what kind of measures might
reduce the risks that arise from the mentioned structural legislative problems for
social robots.

2. Structural Problems for Robot Law
2.1. Beyond Robot Ethics — From ‘Ideal Robots’ to ‘Practical Robots’

The possibilities of social robots can be divided by three metaphors corresponding
to robotics, robot ethics and robot law: possible robots, ideal robots and practical
robots (Fig. 1). Robotics tests the limits of innovation and creativity, so it is possible
that all manner of artificial beings could be created, including those that could be
harmful to human society. On the other hand, robot ethics holds a moral philosophi-
cal approach to examine the existence of these artificial beings; however, sometimes
this may be thought of as wishful thinking as there is always a gap between theory
and application in the real world.

Finally, robot law, which is not merely concerned with “What a social robot can
be’ or “What a social robot should be’, calls attention to the intersection between

Poss iblrvé'-.“
Practical Robots Robots

Robot Law Robotics

Figure 1. Three metaphors for robotics, robot ethics and robot law.
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the two issues. It represents a practical perspective for social robots, and this atti-
tude is useful and necessary to maintain human-robot co-existence in the long run.
The author believes that by taking a ‘practical robot’ attitude, ‘robot ethics’ can be
developed practically; furthermore, this attitude helps law makers move beyond a
‘pure’ robot ethics or moral philosophical knowledge domain and take a realistic
viewpoint when performing their legislative work on regulating social robots.

2.2. Robot Legislative Policy Is as Important as Robot Safety and Industrial Policy

A large number of robot-related policies must be debated and enacted before a
foreseeable mid-century ‘robot-in-every-home’ era begins: labor force displace-
ment, physical safety, supervising research and development, and the shape of robot
technology marketing, among many others. The breadth of these issues makes the
appearance of a single, all-encompassing robot policy unlikely. However, it is likely
that governments will follow their established top-down approach in giving direc-
tion to new technologies, e.g., in 2005 METI created the above-mentioned Robot
Policy Committee and invited robotics experts to serve on it. The committee’s ini-
tial report emphasized the idea that Japanese governmental agencies and enterprises
need to cooperatively address issues relating to business, safety and innovation [4].
Currently, robot policy research has already covered many crucial topics, such as
‘How to address a sound business policy to establish the robot technology industry’
[8] and ‘How to plan a safety policy as to build a safety standard for next genera-
tion robots’ [5]. The author predicts there is a strong demand for another ‘legislative
policy’ within the next stage of robot policy development.

Comparing industrial robots and social robots, the major difference is based
on the ‘contact level’ with society. Industrial robots perform their effective work-
ing ability only in structured environments (i.e., a factory assembly line); in other
words, their contact level with humans and society as a whole is very low. There-
fore, the social regulation of industrial robots is almost addressed in its machine
standards under safety and business considerations, but rarely touched on the part
of human laws. As for social robots, due to them having closer contact with soci-
ety, when they are deployed into unstructured environments to perform their duties
with humans, they may elicit changes in many current relationships with humans
concerning right and responsibility in daily life. The author predicts that there will
be a strong demand for a group of ‘robot legislative policies’ as guidelines to adjust
many current existing human laws in preparation for a human—robot co-existence
society. However, the current difficulty for developing a sound robot legislative pol-
icy is based on the ‘complexity’ of robots, e.g., the word ‘robot” might refer to
many kinds of different things. In addition, the technological domains for social ro-
bots may include mechanical engineering, electrical engineering, computer science,
cognitive science, biological engineering and chemical engineering. Furthermore,
the complexity of responsibility distribution of social robots is based on its Third
Existence character — neither living/biological (first existence) nor non-living/non-
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Figure 2. Colonization of robot legislative affairs.

biological (second existence) [9]. These factors might cause a serious situation for
law makers to define their robot legislative policy well.

2.3. Avoiding the Colonization of Robot Legislative Affairs

Countries have different preferences for the usage and application of robotics, and
these attitudes will be reflected by their domestic legislative policies as well as legal
norms. However, what is worrisome is that if a conflict were to occur, an advanced
robotics country’s robot law may hold a relatively advantageous position. Less ad-
vanced countries may then be forced to modify their own domestic robot laws, and
accept the belief and interests of advanced robotics countries, thus giving rise to a
‘colonization of robot legislative affairs’ (Fig. 2). It might form a global crisis when
the legislative colonization touches on some crucial issues in robot sociability, such
as the legitimacy of autonomous military robots access to human living spaces or
to allow unethical applications that might harm world peace.

The author suggests that building a global consensus between countries will be a
solution for avoiding the colonization of robot legislative affairs. Take an example
from the global nuclear regulation organization — the International Atomic Energy
Agency (IAEA). Established after World War II, the IAEA initially comes from US
President Eisenhower’s ‘Atoms for Peace’ address to the General Assembly of the
United Nations on 8 December 1953. These ideas helped to shape the IAEA Statute,
which 81 nations unanimously approved in October 1956. The Statute outlines the
three pillars of the Agency’s work — nuclear verification and security, safety, and
technology transfer [10].

There are three reasons to support the IAEA as an effective solution to ensure
the consensus of its three pillars between countries: (i) it is an inter-governmental
organization, (ii) its relationship with the United Nations is regulated by special
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agreement and (iii) it is an institution for regulating nuclear applications by interna-
tional laws. Robot technology is similar to nuclear technology in that the technology
itself is powerful, yet neutral; whether it is harnessed for ‘good’ or ‘evil’ outcomes
is dependent on us as humans. Therefore, the author suggests that an internation-
ally approved institution can help build consensus between countries so as to avoid
colonization of robot legislative affairs.

3. Legislative Consortium for Social Robotics
3.1. Why Do We Need a Legislative Consortium for Social Robotics?

The author believes in an internationally approved legal institution such as a leg-
islative consortium for social robotics that would serve not only to supervise the
inappropriate or unethical application of robotics from its member countries, but
also help its member countries to develop their domestic robot legislative policies
by issuing guidelines. Note that due to the ‘complexity’ and ‘contact level with the
society’ issues some small or less-advanced robotics countries might be unable to
define their own robot laws because the scope of the domain issues are too complex
and wide; a legislative consortium for social robotics as a third party institution it-
self might also prevent many countries with less-advanced robotics following a few
advanced robotics countries’ robot legislative policies (Fig. 3).

Other functions of the legislative consortium for social robotics will be to help
the social robotics industry develop supervisory guidelines for the real-world use of
artificial intelligence — programmed robots. In other words it can deal with very
technically based issues, such as developing robot legal machine language [9] —
to build robots embedded with legal guidelines for the robots to behave legally in
a human living environment. From this viewpoint, the function of the legislative
consortium for social robotics on advanced robotics is similar to the World Wide

Law (C) Law (E)
ER
Law (B) {}
Country A Country B Country C Country D Country E
e | ae S ||

for Social Robotics

Figure 3. Legislative consortium for social robotics.
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Web Consortium on the World Wide Web: its mission is ‘to lead the World Wide
Web to its full potential by developing protocols and guidelines that ensure the
long-term growth of the Web’ [11].

Programming social values and norms into robots designed to interact with hu-
mans requires input from legal and legislative experts regarding such topics as robot
ethics and safety. However, there is currently a significant shortage of law scholars
familiar with these issues, therefore my proposal calls for a platform for building
and supporting expertise in the legal aspects of robot sociability in preparation for
a human-robot co-existence society. It will be a gradual process over the next one
or two decades; therefore, these legal policies need to be in place and will need to
evolve as well [12].

3.2. Contemporary Tasks of the Legislative Consortium for Social Robotics

The legislative consortium for social robotics focuses on making robot legislative
policies as well as other guidelines for social robots development. There are several
crucial legal issues related to social robotics, including the following.

3.2.1. Preventive Arms Control Issue

The US Army plans to replace one-third of its armored vehicles and weapons with
robots by 2015 [13]. These military robots are more effective and powerful than
human soldiers in the battlefield. In other words, it might cause an asymmetric
situation between countries that have a ‘robot army’ and countries that do not.
Furthermore, it might also threaten the current international security system. The
Treaty on Conventional Armed Forces in Europe sets ‘troop ceilings’ on military
equipment, such as tanks, artillery pieces, armored combat vehicles, combat air-
craft and attack helicopters. However, when military equipment is ‘robotized’, how
to make a proper ‘exchange rate’ between conventional and robotized troop ceilings
on military equipment will be an emerging challenge for international security.

3.2.2. Safety Issue

Currently, there are no safety standards for service robots in the world [9] and the
International Organization for Standardization plans to create an international stan-
dard for service automations by 2011 [14]. However, in addition to an international
robot safety standard, it is necessary to consider a set of domestic robot safety reg-
ulations as well. The author suggests that it is important to borrow the experience
from ‘automobile law’ (US Intermodal Surface Transportation and Efficiency Act,
European Type Approval, etc.) in order to save time and resources. As a senior
official the Japanese Robot Business Promotion Council remarked, ‘As with auto-
mobiles, there needs to be a set of safety rules that are recognized by the public in
order for service robots to become widely accepted’ [14].

3.2.3. Privacy Issue
In order to ensure that social robots can safely interact with human beings while
providing high-quality, personal fitness service, it is necessary to equip robots with
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a considerable amount of sensors. The sensor itself may need capabilities for mul-
tifunction and advanced perception in order to support the robot to enforce its task
through unstructured environments. An example of one kind of sensing mechanisms
may be called ‘moving object sensor technology’: the whole process of data col-
lecting and reuse from ubiquitous sensor networks and corresponding middleware
is ‘intrusive’. Consequently, this technology will result in high risks for personal
data disclosure or illegal use of personal data [15]. The property of sensor data is
very different from personal data received from current information technology and
network technology. Although some raw data look ‘pure’ and do not reveal any per-
sonal information at first, if combined with middleware or data mining it is possible
to disclose much personal information. However, current privacy protection falls
short on coping with this issue and it is necessary for comparative legal research to
address how to cover this legal gap.

3.3. Who Will Benefit the Most from a Legislative Consortium for Social Robotics?

First, a legislative consortium for social robotics will provide guidance for the small
number of scholars currently working on robotics issues, and future scholars and
experts who are expected to emerge as the robotics industry expands.

Second, the robotics industry will generate billions of dollars of economic activ-
ity while creating many unforeseeable legal, safety and insurance issues. A legisla-
tive consortium for social robotics has the potential to benefit the growing number
of corporations entering the field of robotics research and manufacturing.

Third, as the industry develops, robots will enter the homes of millions of fam-
ilies who will enjoy their assistance for tasks ranging from simple housekeeping
chores to providing security services to assisting medical homecare professionals
to performing rescue operations. As these human—robot interactive duties grow in
complexity, the need for a safety certification system will also grow. Thus, a legisla-
tive consortium for social robotics can be said to potentially benefit multiple levels
of society.

4. Conclusions

The author believes that a ‘legislative consortium for social robotics’ will be a useful
approach for solving robot sociability problems, especially those emerging global
legal issues related to autonomous robots. As robots become more integrated into
human society, the importance of a legal framework for social robotics will become
more obvious. Determining how to maintain a balance between human—robot inter-
action (robot technology development) and social system design (a legal regulation
framework), the author predicts, will be the biggest challenge — especially on
safety and legal issues — when a human-robot co-existence society emerges [16].

Acknowledgements

The author wishes to thank Mr Andrew Eng, PhD student, Northwestern University,
Evanston, IL, USA, for his assistance in preparing this manuscript.



1926 Y.-H. Weng / Advanced Robotics 24 (2010) 1919-1926

References

1. G. Veruggio, The birth of roboethics, presented at: I[EEE Int. Conf. on Robotics and Automation
Workshop on Roboethics, Barcelona, Invited Talk (2005).

2. Unsigned Editorial, Roboethics Roadmap Release 1.1, European Robotics Research Network,
Haverlee (20006).

3. H. B. Sim, Establishing a Korean robot ethics charter, presented at: IEEE Int. Conf. on Robotics
and Automation Workshop on Roboethics, Rome, Invited Talk (2007).

4. Robot Policy Council, Robot Policy Middle Report — May 2005 Version, Japan Ministry of Econ-
omy, Trade and Industry, Tokyo (2005) (in Japanese).

5. Unsigned Editorial, Safety Guidelines for Next-Generation Robots, Japan Ministry of Economy,
Trade and Industry, Tokyo (2007) (in Japanese).

6. Y. H. Weng, C. H. Chen and C. T. Sun, The legal crisis of next generation robots: on safety
intelligence, in: Proc. 11th Int. Conf. on Artificial Intelligence and Law, Palo Alto, CA, pp. 205—
209 (2007).

7. Wiktionary, Sociability, http://en.wiktionary.org/wiki/sociability

8. Unsigned Editorial, A Roadmap for US Robotics — From Internet to Robotics. Computing Com-
munity Consortium, Washington, DC (2009).

9. Y. H. Weng, C. H. Chen and C. T. Sun, Toward the human-robot co-existence society: on safety
intelligence for next generation robots, Int. J. Social Robotics 1, 267-282 (2009).

10. International Atomic Energy Agency, http://www.iaea.org/About/index.html

11. World Wide Web Consortium, http://www.w3.org/Consortium/mission.html

12. Y. H. Weng, Toward the human-robot co-existence society: on legislative consortium for social
robotics, presented at: IEEE Int. Conf. on Robotics and Automation Workshop on Service Robots
in Urban Environments: Legal and Safety Issues, Kobe, Invited Talk (2009).

13. J. Blech, The future of war: attack of the killer robots, Spiegel Online Int., http://www.spiegel.de/
international/world/0,1518,500140,00.html (2007).

14. Unsigned Editorial, Robot safety standards planned, The Asahi Shimbun, http://www.asahi.com/
english/TKY201001260395.html (2010).

15. T. Sato, Moving object sensor technology for security and safety, CREST Annual Research Report,
Japan Science and Technology Agency, Tokyo (2007) (in Japanese).

16. L. Zyga, Living safely with the robots, beyond Asimov’s laws, PhysOrg.com, http://www.
physorg.com/news164887377.html (2009).

About the Author

Yueh-Hsuan Weng received his MS degree from the Department of Computer
Science, National Chiao Tung University, Hsinchu, Taiwan, in 2007. He was
a Project Assistant in the National Science Council and a member of the ad-
ministrative staff in the Ministry of the Interior, Taiwan. He is currently a PhD
- student at Peking University Law School, Beijing, P. R. China, and the Chief
A Researcher of the Yushan Studio for Artificial Intelligence and Law (YSAIL;
. http://www.yhweng.tw). His research interests are in issues concerning the inter-
face between advanced technology and law, including AI and law, robot legal

studies, legal informatics, computational social sciences, and intellectual property management.




Journal Pre-proof

++ COMPUTERS IN
J HUMAN BEHAVIOR

Robots are Friends as Well as Foes: Ambivalent Attitudes Toward Mindful and
Mindless Al Robots in the United States and China

Jianning Dang, Li Liu

PlI: S0747-5632(20)30359-9
DOl: https://doi.org/10.1016/j.chb.2020.106612
Reference: CHB 106612

To appearin:  Computers in Human Behavior

Received Date: 22 July 2020
Revised Date: 6 October 2020
Accepted Date: 26 October 2020

Please cite this article as: Dang J. & Liu L., Robots are Friends as Well as Foes: Ambivalent Attitudes
Toward Mindful and Mindless Al Robots in the United States and China Computers in Human Behavior,
https://doi.org/10.1016/j.chb.2020.106612.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.chb.2020.106612
https://doi.org/10.1016/j.chb.2020.106612

Credit Author Statement

JD and LL contributed to all aspects of work for this article, including conceptualization, data

collection and analysis, and writing.



Robots are Friends as Wdl as Foes: Ambivalent Attitudes Toward Mindful and Mindless

Al Robotsin the United Statesand China

Running Head: AMBIVALENT ATTITUDES TOWARD ROBOTS

Jianning Dang, Li Liu

Beljing Key Laboratory of Applied Experimenta Psychology, National Demonstration Center
for Experimental Psychology Education (Beijing Normal University), Faculty of Psychology,

Beijing Normal University, Beijing, China

J. Dang

E-mail: jndang@bnu.edu.cn

L. Liu (Corresponding Author)
E-mail: |.liu@bnu.edu.cn
Faculty of Psychology, Beijing Norma University, 19 Xinjiekouwai Street, Beijing 100875,

China

Acknowledgments
The authors gratefully acknowledge the financial support provided by the Major Project of the
National Social Science Foundation of China (18ZDA332), the Fundamental Research Funds for

the Centra University (2019NTSS30) and the China Postdoctora Science Foundation



(2020M670188; 2020T130064). The funders had no role in study design, data collection,
decision to publish, or preparation of the manuscript. We thank Anita Harman, PhD, from Liwen
Bianji, Edanz Editing China (www.liwenbianji.cn/ac), for editing the English text of a draft of

this manuscript.



Robots are Friends as Wdll as Foes: Ambivalent Attitudes

Toward Mindful and Mindless Al Robotsin the United States and China

Abstract

In light of the ongoing and rapid development afamative technologies, two intriguing
issues arise: do people have more positive or megative attitudes toward robots with high
(versus low) mental capabilities, and do attitutegard robots differ between Western and East
Asian cultures? Past work on these topics has peatlgontradictory results. Inspired by the
perspective that attitudes are ambivalent rathan thipolar, we argue that these controversial
findings stem from people’s ambivalent attitudewand robots. To test the assumption that
ambivalent attitudes toward robots differ by typerobots and by cultural background, we
conducted an experimental study. By manipulatireylével of robot mind and recruiting both
American and Chinese participants, we examined Mmoot mind and culture influence
ambivalent attitudes toward robots. We simultanBouseasured participants’ perceptions of
robots as “ally” or “enemy”. The results revealdtitt robots with high (versus low) mental
abilities elicited more ambivalent attitudes anditttAmerican participants reported more
ambivalence toward robots than Chinese participdrtsse findings enhance our understanding
of human-robot interaction and provide guidance rfaydulating people’s attitudes toward

robots.

Keywords: artificial intelligence, human—robot irgetion, ambivalent attitudes, mind, culture



“The rise of powerful Al will be either the best thhe worst thing ever to happen to
humanity.”

--Stephen Hawking

As the most recognizable carrier of artificial ihiteence (Al), advanced robotics have
proven applicable in a wide variety of fields, unding social and economic development,
education, healthcare, and even military operati(@®eazeal, 2003; Fong, Nourbakhsh, &
Dautenhahn, 2003; Taddeo & Floridi, 2018). The appate implementation of Al and robots
can enable people to enjoy the benefits that tdogggrovides, but at the same time Al robots
are innovative technologies that require carefuhaggment (Bigman, Waytz, Alterovitz, &
Gray, 2019). For example, in the context of healtbc Al can assist physicians to make
diagnostics and treatment decisions and increasequhlity of care but also raise people’s fears
of getting marginalized (Jha & Topol, 2016). Simyain classrooms, educational robots can be
used in diverse learning settings to keep studemggged (Reich-Stiebert & Eyssel, 2013), but
they might replace interpersonal relationships ¢R&tiebert & Eyssel, 2016). Furthermore,
given the forecast of the soaring number of rolustsd in workplaces (Manyika et al., 2017),
attitudes towards robots are closely related t@ee® wellbeing in the process of human-robot
interaction. Therefore, people are becoming awéteeoneed to consider their attitudes toward
robots (Nitto, Taniyama, & Inagaki, 2017).

Unlike Stephen Hawking's polarized thinking about, Ardinary people’s attitudes
toward robots seem ambivalent (Maier, Jussupow, &in#, 2019). While enjoying the
convenience and well-being provided by robots (eRgich-Stiebert, Eyssel, & Hohnemann,

2019; Waytz, Heafner, & Epley, 2014), people alsorrw about the potential threats and



challenges to humanity that they pose (e.g., Stéamold, & Ohler, 2019; Stein & Ohler, 2017).
However, most extant research regards attitudesiaslenced and overlooks the complexity of
people’s attitudes toward robots. Theoreticallpagng the ambivalent nature of attitudes leads
to controversy around attitudes toward robots. ihstance, do robots with greater mental
abilities elicit more attraction or more aversidgardy & Wegner, 2012; Liu & Sundar, 2018;
Bigman & Gray, 2018)? Are robots more accepted astEAsian versus Western cultures
(Bartneck & Hu, 2004; Bartneck, Nomura, Kanda, $uz& Kato, 2005)? Practically, the lack
of understanding about ambivalent attitudes hampeasures to facilitate people’s willingness
to use robots to assist them, as it is ambivalditt@es that underly people’s hesitance to use
technology agents (Stein, Newell, Wagner, & Gali&015). To address the above issues and to
better understand human-robot interaction procesHes present study examined how
ambivalent attitudes toward robots are influencedtlire robotic objects (i.e., robots with

different levels of mind) and the human subjects (people from different cultures).

Attitudes Toward Al Robots

Al refers to “a growing resource of interactivetf@omous, self-learning agency, which
enables computational artifacts to perform tasks dtherwise would require human intelligence
to be executed successfully” (Taddeo & Floridi, 0f. 751). Al includes several exemplars,
among which robots are the most recognizable (€Ja#019). Robots are machines that are
programmed by Al and operate semi or fully autonoshpto perform tasks done traditionally
by humans (Clarke, 2019). Therefore, Al robots lsarfurther seen as machines with humanlike
mental capacities (Gray & Wegner, 2012).

Attitudes toward Al robots, namely an overall ewion of Al robot, is an increasingly

attractive topic area for researchers, roboticiate] policy-makers (e.g., Maier et al., 2019;



Vanman & Kappas, in press). Like attitudes towatldep objects, attitudes toward robots or
other technology agents encompass people’s ovevaluations as well as their cognitive,
affective, and behavioral components. For exam@anura and colleagues (Nomura, Kanda,
Suzuki, & Kato, 2004) developed a Negative Attitudevard Robots Scale (NARS) to assess
people’s general negative attitudes toward robOtber researchers have focused on specific
components of attitudes toward Al robots. For insga cognitive evaluations of robots have
been operationalized as warmth/competitivenesscantpetence judgments about or perceived
believability of robots (Bergmann, Eyssel, & Kopp012; Demeure, 2011; Demeure,
Niewiadomski, & Pelachaud, 2010; Fraune et al., 7201In terms of affective responses,
prominent negative feelings toward robots have ltegun descriptions such as “uncanny” or
“eerie” (Gray & Wegner, 2012; Liu & Sundar, 2018abDorman & Chattopadhyay, 2016; Mori,
1970; Stein & Ohler, 2017), and “realistic” or ayfisbolic threat” (MacDorman & Entezari,
2015; Stein et al., 2019). Positive reactions twts have included concepts such as “likeability”
(Mathur & Reichling, 2016) and a sense of secujitfaytz, Cacioppo, & Epley, 2010; Waytz et
al., 2014). Additionally, researchers have examipeople’'s behaviors or behavioral willingness
toward robots, such as social interaction with tsl{Bickmore & Picard, 2003; Heerink, Krose,
Evers, & Wielinga, 2006; Mou & Xu, 2017) and suppior robotic research (Yogeeswaran et al.,
2016). Furthermore, researchers have measuredglmalandicators of attitudes toward robots,
such as heart rate (Waytz et al., 2014).

Although these and other studies have attractedlsiderable interest, consistent
conclusions have not been reached about importsuies around people’s attitudes toward
robots. One issue that has produced contradicesylts concerns attitudes toward robots with

greater mental capabilities. Because of the hunkandppearance or performance of robots,



people may perceive them as having minds or meafabilities (Gray & Wegner, 2012; Torres,
2019; Waytz et al., 2010). Some researchers hauadfdhat more negative attitudes are
associated with robots that are perceived to hakiglser level of mind. For example, people
perceive human-like robots as having the abilityf@el, which engenders a greater sense of
eeriness (Gray & Wegner, 2012; MacDorman & Chatibgay, 2016). When people ascribe
robots with autonomy or the ability to think, thage more likely to perceive them as realistic
(i.e., lifelike) and/or as a symbolic threat (Cley019; MacDorman & Entezari, 2015; Stein et
al., 2019) and to express more opposition to robotesearch (Ztotowski et al., 2017). By
contrast, other research suggests that people ssxprere positive attitudes toward robots that
are perceived to have high levels of minds. Fotamse, users express themselves more to
interface robots that seem to have communicatiqraluéties (Bickmore & Picard, 2003;
Heerink et al., 2006). Similarly, drivers expressrentrust for autonomous vehicles that appear
to have better self-control (Waytz et al., 2014).

Another controversial issue relating to peoplétgumies toward robots is the influence of
cultural differences. Popular opinion holds thatstéen and East Asian cultures differ in their
views about what is human, which then determines thistinct attitudes toward robots (Geraci,
2006; MacDorman, Vasudevan, & Ho, 2008). Specifjcaleople in Western cultures hold static
beliefs that regard humans as unique and are nialy ko highlight the distinction between
humans and non-human entities; conversely, peaplBaist Asian cultures have a dynamic
perspective that views all things as having a spind are less likely to regard humans as
particularly special as is more common in Westenhuces (Kaplan, 2004; Kitano, 2007).
Therefore, robots are generally less accepted istdkfe cultures than in East Asian cultures

(Bartneck & Hu, 2004; Kaplan, 2004; Lee & Sabadp014), as they inhabit the boundary



between human and machine (Turkle, 2007). Howeseme cross-cultural studies have
challenged this popular belief, showing that USipgrants have fewer negative attitudes toward
robots than Japanese and Chinese participantsn@@aret al., 2005; Bartneck, Suzuki, Kanda,
& Nomura, 2007). A possible reason for this resulthose US participants were familiar with

the technology (Bartneck et al., 2007). Other nededindings also revealed no cultural

differences in attitudes toward robots (Haring, Igenot, Ono, & Watanabe, 2014).

One common characteristic of all the aforementionesearch is the use of bipolar
measures to assess attitudes toward robots. Fonpdxaresearchers assessed support for
robotics research on a scale ranging from “extrgnwposing” to “extremely favoring”
(Yogeeswaran et al., 2016) and measured partigpaeactions to the “uncanny” nature of
robots on a scale from “not at all” to “extremelyaray & Wegner, 2012). The key limitation of
bipolar attitude measurements is their failure aptare conflicting attitudes toward an object;
such conflict is a common phenomenon (Kaplan, 19Hmpson, Zanna, & Grinffin, 1995).
Therefore, previous contradictory results may, amt,poriginate from the ambivalent attitudes
that people have toward robots, which cannot bejsately evaluated by measuring only their

positive or negative attitudes.

Ambivalent Attitudes Toward Al Robots

Although the traditional perspective assumes tittitudes are unidimensional, it is
increasingly clear that attitude is a bidimensiooahstruct (Armitage & Conner, 2004; Van
Harreveld, Van Der Plogt, & De Liver, 2009). Acrass cognitive, affective, and behavioral
components, attitudes include two dimensions diffem valence: positive and negative, which
are independent of each other (Thompson et al5)19%at is, an individual can have positive

and negative attitudes simultaneously toward aneabpjwhich is known as attitudinal



ambivalence (Conner & Spark, 2002). When the difiee between the strength of two
conflicting attitudes decreases, attitudinal amleree increases. Ambivalence can occur either
within (e.g., perceiving robots as competent bumgetitive) or between multiple components of
attitudes (e.g., perceiving robots as competerttabthe same time experiencing a feeling of job
threat). Nevertheless, attitudinal ambivalenceagndtive in nature (Eagly & Chaiken, 1993),
because cognitive appraisals are the basis of @sopmotional and behavioral tendencies
toward objects (Cuddy, Fiske, & Glick, 2007).

Attitudinal ambivalence has been overlook in theesgch about attitudes toward Al due
to theoretical and methodological reasons. Firgidets of attitudes toward technology only
capture either positive or negative evaluationgeshnology. For instance, the Computers as
Social Actors paradigm taps positive attitudes towachnology (e.g., trustworthiness, Lee &
Nass, 2010), while the Uncanny Valley Theory tapgative attitudes toward robots (e.g.,
eeriness, Mori, 1970). Second, the univalent saaflastitudes toward Al robots used in previous
research (e.g., Latikka, Turja, & Oksanen, 2019 dot provide participants with the
opportunity to report their ambivalent attitudesgdaneutral scores on these scales may fail to
distinguish “neither positive nor negative” attigesd from “equally positive and negative”
attitudes (Thompson et al., 1995). The presentystugues that ambivalent attitudes toward Al

robots may account for the contradictory resultpadt work on attitudes toward robots.

Ambivalent attitudes toward mindful versus mindless robots

There is evidence suggesting that people have ami®valent attitudes toward mindful
robots than toward mindless ones (see Vanman & &gpp press, for a review). In line with
Computers as Social Actors theory (Reeves & N&@36)1 robots with high (versus low) levels

of mental abilities are seen as capable of planamdperforming their actions and thus as more



competent to serve humans (Isbister & Nass, 20@EsN Moon, 2000). Furthermore, the

Uncanny Valley Theory (Mori, 1970) and the ModelAftonomous Technology Threat (Stein

et al., 2019) posit that robots with humanlike “dsh are also more likely to induce a sense of
threat in individuals, including realistic threate(, loss of jobs and resources) and symbolic
threat (i.e., loss of human uniqueness), and fgelof eeriness. Taken these two theoretical
branches together, mindful robots are perceivedbath competent assistants and strong
competitors to humans, while mindless robots arensas incompetent assistants whose
competitiveness is relatively weak. Stated diffgenpeople have both strong positive and

strong negative attitudes toward mindful robotsemas they have weak positive and weak
negative attitudes toward mindless robots. Theegfaris reasonable to assume that mindful
robots, compared with less mentally capable rolsitsit both more positive and more negative
attitudes.

Additionally, Bigman and Gray (2018) provided enqat evidence of more ambivalent
attitudes toward mindful robots than mindless ornegheir research, robots’ limited thinking
and experiencing capacities induced aversion towsesh in participants. However, when robots
were made to seem more compassionate (i.e., wighehilevels of mind), people’s attitudes
toward them did not change. One explanation far $irprising result is that robots’ capacity to
experience emotions may promote participants’ tiughem, while simultaneously unnerving
participants (Gray & Wegner, 2012). Stated diffélsgnvhen robots were perceived as having
higher levels of mind, participants experienced toocurrent paradoxical attitudes (i.e., trusting
and unnerved), and thus did not change their ddguoward those robots. On the basis of the
foregoing theoretical and empirical analysis, werfed the following hypothesis.

Hypothesis 1: Mindful robots elicit more ambivalent attitudésh mindless robots.



Cultural differencesin ambivalent attitudes toward robots

Unlike previous research that only emphasizesicelggbeliefs (e.g., Kitano, 2007), we
argue that it is necessary to approach the culuiftdrences in attitude toward robots from
different angles. On one hand, people’s expectatairobots differ across cultures. Compared
with people in East Asian cultures, those from Westcultures tend to take a more functional
view of robots and to treat robots as pragmatistsgs (Lee & Sabanoyi2014; Ray, Mondafa,
& Siergwart, 2008). People in Western (versus Basin) cultures have more personal contact
with and invest more heavily in service robots (eajeaning robots) than robots designed to
communicate with humans (i.e., social robots, Le& &abanow, 2014). Therefore, it indicates
that compared to Este Asians, Westerners are nketg to deem robots assistants.

On the other hand, due to philosophical, religicarsgd cognitive factors, robots elicit
more negative attitudes in Westerners (versus Esisins) cultures. First, Westerners and East
Asians adopt different beliefs about the mind orrispf robots (MacDorman et al., 2008).
Influenced by Christianity, especially the creatistory of Genesis, Western cultures regard
humans as unique entities with mental privilege.t@mn contrary, influenced by Buddhism and
Confucianism, people in East Asia believe thatitspran inhabit objects other than humans.
Therefore, robots with humanlike characteristicovpke more of a challenge to humanness
among Western cultures than they do among EashAsiliures (Geraci, 2006). Second, people
in Western and East Asian cultures differ a lotagnitive patterns (see Varnum et al., 2010 for
a review). More specifically, Westerners demonstran analytic cognitive style that is
characterized by rules-based categorization of cbhjewhereas East Asians demonstrate a
holistic cognitive style that is characterized lategorizing objects based on overall similarity.

Stated differently, the human-machine dualism isrempronounced among Westerners than



among East Asians. Since robots are machines withah qualities, they engender more
cognitive disfluency for Westerners than for Easiafss, which is confirmed to be associated
with unfavorable evaluations (Winkielman, Halbed$td&azendeiro, & Catty, 2006).

Taken together, compared with those in East Asidtures, Western people are more
aware of how pragmatically complementary robotsaae also of how much robots violate their
deep-rooted assumptions of humanness. There iseafsience indicating more ambivalent
expectations of robots in Western versus East Asidiures. For instance, robots portrayed in
South Korean media, a representation of East Asidiures, are both highly competent and
warm, while in American media, robots are portrageccompetent but cold (Lee & Sabarovi
2014). Consequently, we formed the following hyesik.

Hypothesis 2: People from Western cultures express more ambitvaliitudes toward

robots than people from East Asian cultures.

Overview of the Present Study

While previous research has revealed ambivaleitug@és toward robots, the present
study is unique in that it focused on how ambivakgtitudes vary across robots with different
levels of mind and across different cultures. Tmdabivalent attitudes, we asked participants to
evaluate robots on items with positive and negatalences simultaneously. More specifically,
positive and negative attitudes toward robots wyrerationalized as the cognitive appraisals,
that is, the perceptions of robots as allies onees. We chose image perception as an indicator
of attitudes on the basis of the following consadiens. First, the perception of images is
dictated by the interaction between the perceive@ndliness/hostility and perceived

strength/weakness of the object (Alexander, BrewgerHerrmann, 1999). Second, image
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perception can determine what people’s emotiondl l@havioral tendencies are toward those
objects (Cuddy et al., 2007).

Two hypotheses were proposed. First, we hypothe:$ime people have more ambivalent
attitudes toward mindful robots than toward mindlesbots Kypothesis L To test this
hypothesis, we manipulated the level of robots’ dsimnd compared people’s attitudes toward
mindful and mindless robots. Second, we hypothdsthat people in Western cultures have
more ambivalent attitudes toward robots than thioggast Asian culturedHypothesis P To test
this hypothesis, we recruited both American andn€&e participants and compared their
attitudes toward robots. It is worth noting that eenot equate America and China with general
Western and East Asian cultures, rather, we ta&setltwo countries as representatives of these
two cultures. Previous research reveals that Ararrand Chinese people differ a lot in social
orientation (e.g., independence versus interdepeieHofstede, 1979) and cognitive patterns
(i.e., analytic versus holistic cognition, Morris Beng, 1994), which are the key cultural
differences between Westerners and East Asians(@uar Grossmann, Kitayama, & Nisbett,

2020).

M ethods

Participants

As we were unsure what effect size to expect, thalsst effect size of interest (SESOI)
of #°= .03 was used in sample-size planning (da SilastF& Ledgerwood, 2020). Ariori
power analysis with a 0.05 alpha level indicateat thtotal sample size of 340 would provide 90%
power to detect the main effect of robot mind oltuce on ambivalent attitudes toward robots.
We recruited 192 American  participants via Amazon echhnical = Turk
(https:/lwww.mturk.com/). Of these, 21 were omittaecause they failed to answer the check
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items correctly. Through eParelhttps://www.epanel.cn/), 206 Chinese participantsre
recruited. The final sample included 379 partictsa222 male, 18-72 years oMgge = 34.95,
SD = 9.38). Demographic statistics were similar amangerican (1 = 173, 60.1% maléVlage =
35.42,SD = 11.38) and Chinese samplesX 206, 57.3% maleMage = 34.56,SD = 7.29).
However, approximately 68.8% of American particigareported being White or Caucasian, 5.2%
African American, 17.9% Asidn and 5.8% Latino American. Participants were reenated

with $0.5 (Americans) or 3 CNY (approximately US48) Chinese).

Materials

American and Chinese participants answered questites in English and Chinese,
respectively. Two bilingual researchers translatidhe materials in the present study from the

original English version into Chinese and conduetdxhck-translation to check the equivalence.

Robot mind manipulation

Drawing on previous research (Gray & Wegner, 204/2ytz et al., 2014), robot mind
manipulation consisted of presenting robots witlifedent levels of mental capabilities.
Participants were concurrently presented with tyges of Al robots: mindful and mindless.
Mindful Al robots were described as follows: “MindfAl robots can feel the outside world like
humans, experience various emotions in social aotem, and express their own experiences
and emotions. They can independently plan aheas stiategies to solve problems, and use
natural language for communication.” Mindless Abots were depicted as follows: “Mindless

Al robots have limited ability to feel the outsiderld and they cannot experience and express

! EPanel is a professional Chinese online surveigterghat functions similarly to Amazon Mechaniairk.
2 The significance levels of the results were thmesawith or without the inclusion of the Asian Anwsm

participants.
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various emotions in social interaction. They exeadtions according to human instructions and
have a limited level of autonomy. They cannot comitate with natural language.” This
paradigm was demonstrated as an effective manipulat robot mind (Gray & Wegner, 2012;

Waytz et al., 2014) as it could induce a large sizeffect on mind perception{= .10~.97).

Robot mind manipulation check

To ensure that participants understood the differdmetween mindful and mindless Al
robots in terms of mind, they were asked to ratthégpe on 12 items that assessed robot mind
(Gray, Gray, & Wegner, 2007). Six items measureldotsl thinking capacity (e.g., “How
capable of exercising self-control do you think atshare?”) and six measured robots’ feeling
capacity (e.g., “How capable of feeling pleasureydo think robots are?”). All items (see
Appendix A for all items) were answered on a 7-paicale (1 = not at all, 7 = totally). The
scores of all items were averaged in a robot mimtex (Cronbach’s: = .86 for mindful Al
robots and Cronbachis = .91 for mindless Al robots), and higher scorefidated higher levels

of perceived mind in robots.

Perception of robot images

Responses to images of robots were measured byaidapted items developed by
Riketta (2005). Two items assessed the extent tbcipants deemed a robot an ally (e.g.,
“Consider only the positive aspects about Al rolaotd ignore the negative ones, | think that the
relationship between humans and robots is harmeRjiowhile the other two items assessed the
extent to which participants deemed a robot an gneng., “Consider only the negative aspects
about Al robots and ignore the positive ones, mkthat Al robots compete with humans”). All

the items (see Appendix B for all items) were amggeon a 7-point scale (1 = completely
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disagree, 7 = completely agree). The average saftmghe ally (Cronbach’s = .84 for mindful
Al robots and Cronbach'@ = .87 for mindless Al robots) and enemy image gé@ronbach’s
= .73 for mindful Al robots and Cronbachis= .79 for mindless Al robots) were computed.

Higher scores indicated more intense attitudes rfwabots.

Procedure

After providing informed consent, participants wéskl that they would complete a task
about social judgments. Participants first readcdesons of mindful and mindless Al robots
and learned about their characteristics. Then,raardpulation check, participants rated mindful
and mindless Al robots on items regarding mentphabdities. Finally, participants completed

the image ratings for each type of robot. Mindfdianindless robots were rated in random order.

Statistical Analysis

We examined people’s ambivalent attitudes towalbt®in two ways. First, according
to the Griffin formula of attitudinal ambivalenc&@Hompson et al., 1995): (P+N)/2 - |PEN|
greater ambivalence was represented as strongasityt in the perception of a robot as ally and
enemy (i.e., (P+N)/2) and more similarity in themgarative intensity reported for two given
images (i.e., |P-N|). Attitudinal ambivalence wamputed using the Griffen formula. Second, to
fully illustrate how ambivalent attitudes arise, weamined the relative levels of perceptions of
robots as ally and enemy. Individuals with strongesitive and negative attitudes are more

ambivalent (Maier et al., 2019; Thompson et al93)9

% P indicates intensity of positive attitude andiicates intensity of negative attitude. In therent study, P and N
separately indicate the intensity of participapistceptions of robots as ally or enemy.
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Results

Preliminary Analysis

To confirm that robot images perceived as allyeoemy were two distinct constructs,
we conducted two confirmatory factor analyses. Taadels were established: the single-factor
model (i.e., for both mindful and mindless Al roboéll image items loaded on one factor) and
the two-factor model (i.e., for both mindful andnaiiess Al robots, ally image items loaded on
one factor and enemy image items loaded on anddb#or). While the single-factor model did
not fit the data welly® = 476.53 df = 19, p < .001,CFI = 0.64, TLI = 0.48, RMSEA = 0.25,
SRMR = 0.15, the two-factor model db@f,= 40.93 df = 15,p < .001,CFIl = 0.98, TLI = 0.96,

RMSEA = 0.07, SRMR = 0.04. The two-factor modekr#fore, was better than the single-

factor model2y? = 435.61,2df = 5, p < .001. The results indicated that ally and enemygiesa
of robots were two distinct constructs.

Robot mind Manipulation Check

To examine the effectiveness of the manipulatiorobbt mind, a 2 (robot type: mindful,
mindless) x 2 (culture: American, Chinese) mixed@WA was conducted on mind perception,
with robot type as the within-subject variable. Tiesults (see Table 1) revealed a significant
main effect of robot type; (1, 377) = 272.65 < .001,5° = .42, 90% C1[.36, .47], suggesting
that mindful Al robots were perceived as havinghleiglevels of mind than mindless Al robots.

The main effect of culture was not significafit(1, 377) = 0.10p = .750,5° < .001. The two-

* As suggested by Steiger (2004), 90% Cls would beenappropriate fop?. The 90% CI does exclude zero, but
barely; a 95% Cl would include zero. Furthermopesannot be less than zero. Accordingly, Steiger edgthat
when putting a Cl on an ANOVA effect that has bessted with the traditional 0.05 criterion of sijzance, that
Cl should be a 90% CI, not a 95% CI.
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way interaction effect size was small, albeit statally significant,F (1, 377) = 4.15p = .042,
n? = .01, 90% CI [.00, .03]. Further simple effectabyses were conducted to explain the
interaction effect. American and Chinese participajave similar ratings on both mindfé (1,
377) = 2.47p = .117,5* = .01) and mindless Al robot§ (1, 377) = 0.65p = .421,5,* = .002).

Accordingly, the manipulation of robot mind was ol successful.

Table 1. Perceptions of mind Attributed to Mindéuld Mindless Al Robots

Robot type All sample American sample  Chinese sampl
Mindful robots 4.67 (1.11) 4.57 (1.13) 4.75 (1.10)
Mindless robots 3.47 (1.36) 3.53 (1.50) 3.42 (1.22)

Ambivalent | mages of Robots as Functions of Robot Mind and Culture

Two separate ANOVAs were conducted on the ambicaleeported toward images of
robots, with robot type (mindful vs mindless) andtare (American vs Chinese) as independent
variables. Supporting Hypothesis 1, a repeated-umea#ANOVA revealed a significant effect of
robot typeF (1, 378) = 33.55p < .001,5% = .08, 90% ClI [.04, .12], with participants pekieg
mindful Al robots M = 2.36,SD = 1.90) more ambivalently than mindless Al rob@dfs= 1.79,
SD= 2.06). In line with Hypothesis 2, a one-way AN®Yevealed a significant effect of culture,
F (1, 377) = 50.54p < .001,4* = .12, 90% ClI [.07, .17], suggesting that Ameripamticipants
(M = 2.72,SD = 1.72) perceived robots more ambivalently tham€&s$e participantd{ = 1.53,
SD= 1.54).

In addition, 2 (robot type: mindful vs mindless)2x(culture: American vs Chinese)
mixed ANOVA was conducted on attitudinal ambivalenalthough we had no hypothesis about
the interaction effect between robot type and caltdhe results (see details in supplementary
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materials) revealed significant main effects of abldype and culture, which supported
Hypothesis 1 and Hypothesis 2. Most importantlg, tiivo-way interactionK (1, 377) = 4.76p

= .030, 7% = .01, 90% CI [.00, .04]) was very small in sizthough it reached statistical
significance, suggesting that cultural differenacesambivalent attitudes toward robots did not

vary on the type of robots.

Ally and Enemy I mages of Robots as Functions of Robot Mind and Culture

To further illustrate the ambivalent attitudes aanifested in both strong ally and enemy
perceptions of robots, two separate ANOVAs weredooted on (ally and enemy) images
ratings, with the robot type and culture as indeleem variables. We expected that mindful
(versus mindless) Al robots elicit simultaneoudiypisger opposing images and that American

participants report stronger opposing images obt®tan Chinese participants.

Ally and enemy images of robots as functions of robot mind

To examine how ambivalent attitudes toward robdiffered by robot mind, we
conducted a 2 (robot type: mindful, mindless) xirdage: ally, enemy) repeated-measures
ANOVA among all participants. The main effect obod type was significant: (1, 378) =
48.64,p < .001,7,° = .11, 90% CI [.07, .17], indicating that the inséty felt toward images (i.e.,
ally or enemy) of mindful Al robotsM = 4.34,SD = 0.80) was higher than that reported for
mindless Al robotsNl = 4.03,SD = 0.92). The main effect of imagé (1, 378) = 120.73p
<.001,7° = .24, 90% CI [.18, .30]) suggested that robotgesaelicited more perceptions of ally
(M = 4.74,SD = 1.19) than of enemyM = 3.62,SD = 1.29). Most importantly, the two-way
interaction F (1, 378) = 35.92p < .001,7% = .09, 90% CI [.05, .13]) was significant. Simple

effect analyses (see Figure 1) revealed that tignimale of difference between ally and enemy
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images of mindful Al robotsM = 4.68,SD = 1.43 for ally image antl = 3.99,SD = 1.48 for
enemy image) was less than that of mindless Altofpd = 4.80,SD = 1.51 for ally images and
M = 3.25,SD = 1.53 for enemy images).

Referring to Thompson et al.’s (1995) formula dfitatlinal ambivalence, the results
suggested that mindful (versus mindless) Al rolatitsted stronger ally and enemy perceptions
(i.e., (P+N)/2), and these two image perceptionsewaore similar in intensity (i.e., |P-N]|).
Stated differently, mindful (versus mindless) Albats elicited simultaneously stronger,
opposing images and thereby more attitudinal anidiea. Therefore, supporting Hypothesis 1,

participants expressed more ambivalent attitudear mindful (versus mindless) Al robots.

OAlly image D Enemy Image

A

=

Image rating

H

Mindful robot Mindless robot

Figure 1. Ally and Enemy Images of Robots as a #onof Robot Mind

Ally and enemy images of robots as functions of culture

To examine how ambivalent attitudes toward roldtered by cultures, we conducted a

2 (culture: American, Chinese) x 2 (image: allyemry) mixed ANOVA on image ratings of
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both types of Al robots, with image as the withubgct variable. The absence of the main
effect of culture £ (1, 377) = 0.39p = .533,5° = .001) suggested that the intensity of image
perceptions was equal across Ameridsin/4.16,SD = 1.00) and Chinese culturdd € 4.20,
SD= 0.43). Al robots were rated more as allisb< 4.72,SD = 1.19) than enemied/(= 3.62,
SD = 1.29),F (1, 377) = 118.91p < .001,#* = .24, 90% CI [.18, .30]. As expected, the
interaction between culture and image({, 377) = 33.73p < .001,5% = .08, 90% CI [.04, .13])
was significant. Simple effect analyses (see FiQireevealed that the magnitude of difference
between ally and enemy images of Al robots among@wean participantd = 4.40,SD=1.14
for ally image andM = 3.91,SD = 1.32 for enemy image) was less than that amdmgeSe
participants 1 = 5.02,SD= 1.15 for ally images and = 3.39,SD= 1.29 for enemy images).
Taken together, althoughmerican (versus Chinese) participants reportecigatrong
perceptions (i.e., (P+N)/2jhe comparative intensity reported for ally andrapemages of Al
robots (i.e., |P-N|) among American participantss wamaller than that among Chinese
participants. Therefore, supporting Hypothesis 2nefican (versus Chinese) participants

expressed more ambivalent attitudes toward Al mbot
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Figure 2. Ally and Enemy Images of Robots as a #onof Culture

In addition, 2 (robot type: mindful, mindless) x(@ulture: American, Chinese) x 2
(image: ally, enemy) mixed-ANOVA was conducted omage ratings, with robot type and
image as within-subject variables. The results (ails in complementary materials) revealed
that across American and Chinese participants, fulingersus mindless) Al robots elicited
more attitudinal ambivalence and that for both rfuhcaind mindless Al robots. Moreover,
American participants had more ambivalent attitutb®gard robots than Chinese participants.

Thus, Hypotheses 1 and 2 were verified.
Discussion

People generally believe that Al can be useful;eoample, Travelzoo’s (2016) global
research revealed that around 75% of their cus®imelieve that Al devices can increase hotel

service quality. Nevertheless, people are justrbegg to harness Al technology, and the use of
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Al tends to be relatively low (e.g., Reich-Stieb&tEyssel, 2013, 2016). In the McKinsey
Global Survey, only 21% of employee respondentsntefd their organizations had embedded
Al into multiple business units, and 30% reportabbting the use of Al in the workplace
(McKinsey & Company, 2018). One key reason for fiesitance to adopt robots is people’s
ambivalent attitudes toward new technology (Steéial.e 2015). The present study assessed how
participants from Western and East Asian culturesgive robots with high and low mental
capacities—as allies or enemies. The results stgghour hypotheses: robots with high (versus
low) mental capacities elicit more ambivalent at#s (Hypothesis 1), and American
participants have more ambivalent attitudes towalwts than Chinese participants (Hypothesis
2).

Our results help to disentangle the seemingly ealnttory findings of previous research
about attitudes toward robots. Past work regardetides as bipolar and assumed that people
have either positive or negative attitudes towandots (e.g., Stein et al., 2019; Waytz et al.,
2014). By measuring both positive and negativetuatis, the present research examined
people’s ambivalent attitudes toward robots. Theulte suggest that people strongly view
mindful robots as both allies and enemies simutiasly, and that Americans simultaneously
like and dislike robots more than Chinese peopiates differently, no fixed answers exist as to
whether mindful Al robots are more favorable thaimdtess Al robots, and whether robots are
more favorable in East Asian versus Western cudtuFeirthermore, ambivalent attitudes are
closely related to non-acceptance and non-confgmiser behaviors (Tsai, Compeau, &
Meister, 2017), and this is because attitudinal isadbnce invokes uncertainty-related negative

emotions, reduces people’s abilities to decide,inakases the incapacity to act (Rothman, Pratt,

21



Rees, & Vogus, 2017). Therefore, our findings distp explain why people hesitate to use Al
robots despite the widely supported developmewt ééchnologies.

Considering both positive and negative attitudegatd robots, the present study also
helps unravel the complexity of human—robot inteoeic Ambivalent attitudes toward robots
with higher (versus lower) mental capacities sugdbat viewing the process of adopting
mindful Al robots as linear is an oversimplificatioThis reflects previous studies that have
illustrated the multi-faceted aspect of users’ trefeship with technology products (Jensen &
Aanestad, 2007; Van Offenbeek, Boonstra, & Seo3P(Hurthermore, ambivalent attitudes are
related to people’s affect and decision-making wiméaracting with robots (Van Harreveld et.,
2009). Specifically, as Al technologies continueptoliferate, and people must decide whether
to adopt mindful Al robots, they will be aware dketr conflicting attitudes toward robots and
will likely suffer uncertainty and discomfort. Teduce attitudinal ambivalence, people may use
strategies such as denying the responsibility @fpadg robots or deliberately engaging with
robot-related information in an effort to alter ithattitudes toward robots (Van Harreveld et al.,
2009). Therefore, ambivalent attitudes toward rebpiay an essential role in human—robot
interactions.

The cultural differences seen in ambivalent atégitbward robots help to further clarify
how the adoption of robots varies by cultures.sltai prevailing belief that “robot mania” is
widespread in East Asian cultures, especially Japaile more people in Western cultures tend
to suffer from technophobia (Kaplan, 2004). Howewis belief has not received much
empirical support (MacDorman et al., 2008; Harihgle 2014). The present study indicates that
Americans have more ambivalent attitudes, rathem thore positive or more negative attitudes,

toward robots. The cultural differences in ambinalattitudes toward robots reflect the
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culturally variable aesthetic user preferencesrétiots (Lee & Sabanaj 2014). Specifically,
human-like characteristics (e.g., a human-like apgece and expressive faces) of robots blur
the difference between them and humans and elioienambivalent attitudes. For example,
compared with Korean participants, US participasgem to prefer machine-like robots to
human-like robots (Lee & SabanéyR014). Thus, ambivalent attitudes toward robpisear to
strongly influence people in Western (versus Easaw) societies in their choices to use robots
as tools and in industrial settings.

The present study yields practical implicationsrfaydulating attitudes toward robots. In
contexts wherein robots can complement or assisianuresources, such as service and health
care (Jha & Topol, 2016), more focused strategidsutld on positive attitudes or/and to reduce
negative attitudes toward robots can be taken doce people’s ambivalent attitudes toward
mindful robots. As suggested in the Technology Astaece Model (Davis, 1989), making
beneficial technologies easier to use promotes Ipsopositive attitudes toward them.
Meanwhile, more explanation is needed to distifguitte working modes of artificial
intelligence and human intelligence and increasdridmsparency about how robots work, which
then reduce people’s negative attitudes towardtsoff@ark, 2019). However, in ethic-sensitive
contexts, such as arms race, ambivalent attituakesrd robots can prevent people from abusing
robots for bad purposes. Attitudinal ambivalencevtes people with conflicting signals that
alert them to engage in deeper and more balancesdidayations of divergent perspectives
(Rothman et al., 2017). Therefore, to a certaiemxtambivalent attitudes can remind people to
use robots with caution.

Finally, the present findings also inspire direstiofor future research. First, in the

current study, attitudes toward robots were opeanatized as perceptions of robot images. A
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person’s perception of an image reflects their aleevaluation of the viewed object;
nevertheless, it is mainly their cognitive evaloa that are captured (Cuddy et al., 2007).
Besides the cognitive ambivalence found in the gmestudy, ambivalent attitudes can also
reflect intercomponent ambivalence, which refersthe contradictory valence of different
attitude components (Maio & Haddock, 2014). Fotdnse, people perceived robots as allies
(i.e., positive belief) but felt nervous when usirapots in their work (i.e., negative affect).
Therefore, an intriguing direction for future reggmis to examine the intracomponent and
intercomponent ambivalence of the various companeftattitudes toward robots. Second,
although it has been demonstrated that American Gimdese people differ a lot in social
orientation and cognitive patterns (Hofstede, 19v8yris & Peng, 1994), we did not clearly
measure these cultural differences in the curremtys Therefore, it may be a better practice to
distinguish participants from different culturaldkgrounds based on cultural values and beliefs
rather than just nationality. Moreover, we selec#herican and Chinese participants as
representatives of Westerners and East Asians atdsglyg. Western cultures also include
European countries and East Asian cultures aldadacother countries, such as Japanese and
South Korean. Therefore, future research shoulduteparticipants from more countries and

compare within- and cross-cultural differencesrtbavalent attitudes toward Al robots.
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Open Practices

All data have been made publicly available via@pen Science Framework and can be

accessed at https://osf.io/kthgn/files/. The coneplaaterials are included in the Supplemental

Online Material associated with this article.
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Highlights

People simultaneously have positive and negatiteides toward robots.
Mindful (versus mindless) robots elicited more avabent attitudes.
Americans have more ambivalent attitudes towardtothan Chinese.

The findings shed light on the complexity of humiaet interaction.
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ABSTRACT: Japan continues to be in the vanguard of human-robot communication
and, since 2007, the state has actively promoted the virtues of a robot-dependent so-
ciety and lifestyle. Nationwide surveys suggest that Japanese citizens are more
comfortable sharing living and working environments with robots than with foreign
caretakers and migrant workers. As their population continues to shrink and age
faster than in other postindustrial nation-states, Japanese are banking on the robot-
ics industry to reinvigorate the economy and to preserve the country’s alleged
ethnic homogeneity. These initiatives are paralleled by a growing support among
some roboticists and politicians to confer citizenship on robots. The Japanese state
has a problematic record on human rights, especially toward ethnic minorities and
non-Japanese residents who have lived and worked in Japan for many generations.
The possibility of robots acquiring civil status ahead of flesh-and-blood humans
raises profound questions about the nature of citizenship and human rights. Al-
ready the idea of robots having evolved beyond consideration as “property” and
acquiring legal status as sentient beings with “rights” is shaping developments in ar-
tificial intelligence and robotics outside of Japan, including in the United States.
What does the pursuit in Japan of interdependence between humans and robots
forecast about new approaches to and configurations of civil society and attendant
rights there and in other technologically advanced postindustrial societies?

The fact is, that each time there is a movement to confer rights onto some
new “entity,” the proposal is bound to sound odd or frightening or laugh-
able. This is partly because until the rightless thing receives its rights, we
cannot see it as anything but a thing for the use of “us”—those who are
bolding rights at the time. — Christopher Stone, 1972'
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Certainly any self-aware robot that speaks English and is able to recog-
nize moral alternatives, and thus make moral choices, should be consid-
ered a worthy “robot person” in our society. If that is so, shouldn’t they
also possess the rights and duties of all citizens? — Robert Freitas Jr.,
1985°

[M]aking the victim of discrimination a robot rather than a buman gives
me a lot more freedom, and allows me to be far more provocative. —
Tezuka Osamu, 2007

Introduction: From Interaction to Coexistence

Twenty years ago, Japanese robotics was ahead of the curve in pursuing embod-
ied intelligence and building sociable service robots. Japan continues to be in
the vanguard of human-robot communication, and since 2007 the state has
actively promoted the virtues of a robot-dependent society and lifestyle. Na-
tionwide surveys suggest that Japanese citizens are more comfortable sharing
living and working environments with robots than with foreign caretakers or
migrant workers. As their population continues to shrink and age faster than in
other postindustrial nation-states, Japanese are banking on the robotics in-
dustry to reinvigorate the economy and preserve the country’s alleged ethnic
homogeneity.

These initiatives are paralleled by growing support among some roboticists
and politicians to confer citizenship on robots. The Japanese state has a prob-
lematic record on human rights, especially toward ethnic minorities and
noncitizens, some of whom have lived and worked in Japan for many genera-
tions. Thus, the possibility of robots acquiring civil status ahead of flesh-and-
blood humans raises profound questions about the nature of citizenship and
human rights. Already the idea of robots having evolved beyond consideration
as “property” and acquiring legal status as sentient beings with “rights” is shap-
ing developments in artificial intelligence and robotics outside of Japan,
including in the United States. What does the pursuit in Japan of interdepen-
dence between humans and robots forecast about new approaches to and
configurations of civil society and attendant rights there and in other technolog-
ically advanced postindustrial societies?

The robotics industry is arguably more important and more enthusiastically
embraced in Japan than anywhere else in the world. Japan presently employs
over a quarter of a million industrial robot workers—some of which, lately, have
been designed as quasi-humanoids—and that number will likely triple in a de-
cade. Jointly funded since the late 1990s by the government and corporate
sectors, robotics and its spin-off industries and products are estimated to gener-
ate about $70 billion in revenues by 2025."

Stone 1972, 455.

Freitas 1985, 54.

Tezuka Osamu, quoted in Schodt 2007, 123.

The Ministry of Economy, Trade and Industry (METT) launched the five-year (1998-2002) Hu-
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I am especially interested in exploring human-robot interactions in general
and the perception in Japan in particular of the social and civil status of robots.
Whereas in the United States the majority of robots are funded by and produced
for the Department of Defense (and its agencies),” in Japan, robots are increas-
ingly visible in civilian settings, such as hospitals, offices, factories, and the
family home.’ What I have found either overlooked or under-acknowledged in
both the Anglophone and Japanese-language scholarship on domestic service
robots is an investigation and analysis of the type or nature of the national-cul-
tural, social-institutional, and family structures within which robots and
humans are imagined to coexist. Thus, in this article, I have juxtaposed human
rights and robot rights as one way to cast in high relief the social history and cul-
tural dimensions inflecting and informing the discourse of rights in Japan.

What Is a Robot?

In their 1952 “critical review” of the concepts and definitions of culture, anthro-
pologists Alfred Kroeber (1876-1960) and Clyde Kluckhohn (1905-1960)
collected 156 versions. Today, anthropologists tend both to leave “culture”
self-evident—we always already know what we mean by it—and/or to provide
new variants for any one of those 156 versions.” And so it is with the term “ro-
bot.” As Illah Nourbakhsh, a professor of robotics and director of the CREATE
Lab at Carnegie Mellon University, writes in Robot Futures (2013), “[N]ever ask
a roboticist what a robot is. The answer changes too quickly. By the time re-
searchers finish their most recent debate on what is and what isn’t a robot, the
frontier moves on as whole new interaction technologies are born.”

With this caveat in mind, it is best to attempt a working definition by first con-
sidering the etymology of the word “robot.” It derives from the Czech word
robota, meaning servitude or forced labor, and first appeared in Czech littera-
teur Karel Capek’s play R.U.R., Rosumovi Univerzdlni Roboti (Rossum’s
Universal Robots, 1920), which premiered in Prague in 1921. R.U.R is about a
factory in the near future where identical artificial humans (androids and gy-

manoid Robotics Project (HRP), followed by the Next Generation Intelligent Robots Project,
and most recently, the Living Assist Robots Project. The goal of making robots to augment the
labor force and to assist with housework and eldercare involves collaborative research among
universities, research institutes, and corporations.

5. Defense Advanced Research Projects Agency (DARPA) is an agency of the U.S. Department of
Defense that researches and develops new military technology. The DARPA Robotics Challenge
(DRC, 2012-2014) is an international competition with the technical objective of developing
ground robots capable of executing complex tasks in dangerous, degraded, human-engi-
neered environments. At the twelfth IEEE-RAS International Conference on Humanoid Robots
(29 November—-1 December 2012) I attended in Osaka, Japan, several Asian roboticists openly
expressed their reluctance to participate in the DRC because of its military orientation. Per-
haps ironically, the top contender in the 2013 DRC was SCHAFT, a robot created by Japanese
roboticists formerly associated with the University of Tokyo; Google bought SCHAFT in 2013,
after the robot’s impressive performances at the DRC (www.darpa.mil/Our_Work/I'TO/Pro-
grams/DARPA_Robotics_Challenge.aspx).

6.  Already, in the wake of PM Abe’s nationalistic reinterpretation of Japan’s “peace” constitution,
Japanese robotics research is being incorporated into the weapons economy.

7.  Kroeber and Kluckhohn 1952.

8.  Nourbakhsh 2013, xiv.
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noids) are mass produced as tireless laborers for export all over the world. To
make a longer story shorter, newer model robots are provided with emotions
and are now able to experience anger at their exploitation, revolt en masse, and
kill all but one human, a traditional artisan who encourages one new-model
couple to repopulate the world with their own kind! R.U.R was performed in To-
kyo in 1924 under the title Jinz6 Ningen (Artificial Human). The play, along
with Fritz Lang’s film Metropolis, which was screened three years later, sparked
an ongoing fascination with robots in popular culture that, in postwar Japan, in-
cludes cartoonist Tezuka Osamu’s Tetsuwan Atomu (Astro Boy) in the 1950s
and the humanoids, animaloids, and cyborgs that dominate manga (cartoons)
and anime (animated films) today.

From the 1920s to the present day in Japan robots have been cast as both
threatening and helpful to humans. Since the 1960s, however, when the state
embarked on a policy of automation over replacement migration to extend the
productivity of the domestic workforce, the general trend in Japanese popular
media and culture has been to characterize robots as benign and human-
friendly. Capek’s graphic portrayal in R. U.R. of the end of bourgeois humanity at
the hands of a violent robot-proletariat helped to shape Euro-American fears
about robots that persist to this day. The dystopian play did not, however, com-
promise the largely favorable acceptance among Japanese of things mechanical,
including robots, from the 1920s forward. Since R.U.R., the meaning of “robot”
has become closely associated with intelligent machines with biologically in-
spired shapes and functions, particularly humanoids.

As I noted, roboticists resist defining what exactly a robot it is. However, of all
the many definitions of robot, I find the following one usefully comprehensive
yet concise: A robot is an aggregation of different technologies—sensors, soft-
ware, telecommunication tools, actuators, motors, and batteries—that make it
capable of interacting with its environment with some human supervision,
through tele-operation, or even completely autonomously. The different levels
of robot autonomy influence the way that humans and robots interact with one
another.”

To be called a humanoid, a robot must meet two criteria: it has to have abody
that resembles a human (head, arms, torso, legs) and it has to perform in a hu-
man-like manner in environments designed for the capabilities of the human
body, such as an office or a house. Most Japanese humanoids are gendered fe-
male or male. Some humanoids are so lifelike that they can actually pass as
human beings—these robots, which are always gendered, are called androids
(male) and gynoids (female)." It should be clear from these examples that robot
morphology is just as diverse as that of humans; they come in every size, shape,
and color. All of the robots referred to in this article are enormously complex,
layered systems and represent an amalgamation of research across many disci-
plines, from electrical engineering to child development studies.

9.  Beer, Fiske, and Rogers 2010, 74.
10. Regarding robot gender, see Robertson 2010.
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Embodied Intelligence

What distinguished Japanese robotics early on—and now almost all roboticists
have followed suit—is the concept of embodied intelligence. Researchers point
out that “intelligence cannot merely exist in the form of an abstract algorithm
but requires a physical instantiation,” or tangible body."" If a robot is to coexist
with humans in environments designed for humans, then it makes sense for a
robot to have a human-like body and to learn how to negotiate its surroundings
the same way humans do from the day they are born: through motor-sensory ex-
periences.

In robotics, embodied intelligence blurs the conceptual distinction between
life and cognition, and between intelligence and consciousness. Whether or not
to recognize these conceptual distinctions, or how to reconcile them if recog-
nized, is the subject of heated interdisciplinary debates and a ballooning
professional literature that I cannot fully address in this article. Suffice it to say
that embodied intelligence refers to a dynamic coupling of a robot with its envi-
ronment. The actual behavior of the robot emerges from its interaction with the
environment “through a continuous and dynamic interplay of physical and in-
formation processes.””” Some psychologists whose work is especially relevant
to humanoid robotics argue that embodiment not only enables but actually
constitutes sociality and affective states."

Several leading Japanese roboticists, Takeno Jun’ichi (Meiji University),
Maeno Takashi (Keio University), and Miyake Yoshihiro (University of Tokyo),
have separately developed artificial neural networks or algorithms necessary for
the creation of, in their words, conscious robots." While research on conscious
robots, and on consciousness in general, is not limited to Japan, the future ap-
plications of sociable, conscious robots are imagined differently in Japan, as I
will discuss."

Based on his neuroscientific studies, Takeno has developed a “recursive neu-
ral network” consisting of independently functioning modules that simulates
human consciousness by achieving consistency between cognition and behav-
ior. Basically, the robot is able to distinguish between information already
learned and brand new events. This is because familiar information (stored in
the memory) is more quickly processed (or “understood”) than unknown infor-
mation or events, which take more time to upload and process. Takeno also
claims that a robot fitted with this recursive neural network (or MoNAD) is
self-aware; that is, an image of itself in a mirror is cognized as self and it can dis-
tinguish itself from another outwardly identical robot."

11. Pfeifer and Scheier 1999. There are various forms of embodiment. Cognitive scientist Tom
Ziemke (2003) identifies six in exploring the relationship between types of embodiment and
types of cognition.

12. Pfeifer, Lungarella, and Iida 2007, 1088.

13. Barsalou et al. 2003.

14. See, for example, Takeno 2011 and 2012.

15. Longand Kelley (2010) provide avery good and accessible overview. See also, Kuipers (2008).

16. Takeno 2012. Obviously, the discourse of self and non-self is complex and has inspired innu-
merable dissertations, books, and articles. Suffice it to say for the purposes of my argument,
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Outside of the robotics laboratory and the field of neuroscience, three key
sociocultural factors influence the way Japanese experience robots as “living”
entities. The first is linguistic: In Japanese, two separate verbs can be used to de-
scribe existence. Aru/arimasu refers to the existence of something, a bicycle,
for example. Iru/imasu is used to refer to the existence of someone. Iru/imasu
is also used in reference to robots, as in the title Robotto no iru kurashi (lit., a
lifestyle where robots exist), a book that I will discuss in more detail later."”

This use of iru/imasu in turn may be connected to the influence of Shinto, the
second factor. Shinto, the native animistic beliefs about life and death, holds
that vital energies, deities, forces, or essences called kami are present in both
organic and inorganic matter and in naturally occurring and manufactured enti-
ties alike. Whether in trees, animals, mountains, or robots, these kami (forces)
can be mobilized."” The third factor concerns the meanings of life and living.
Inochi, the Japanese word for “life,” encompasses three basic, seemingly con-
tradictory but inter-articulated meanings: a power that infuses sentient beings
from generation to generation; a period between birth and death; and, most rel-
evant to robots, the most essential quality of something, whether organic
(natural) or manufactured.” Thus robots are experienced as “living” things. The
important point to remember here is that there is no ontological pressure to
make distinctions between organic/inorganic, animate/inanimate, human/non-
human forms. On the contrary, all of these forms are linked to form a
continuous network of beings.”

The Japanese notions of “being alive” and “living” are thus fundamentally dif-
ferent from the taken-for-granted understanding of these terms in the Euro-
American and monotheistic cultural world.” Even in non-Japanese cultures,
however, agreeing on what is alive and living is not easy—an issue about which
the discussion thread on Physics Forums is quite illustrative.” As robot intelli-
gence continues to develop, debates in Euro-American circles between
supporters and opponents of human exceptionalism, or the idea that human-
kind is radically different and separate from the rest of nature and other
animals, will become more contested.

Robotic Lifestyle

Why robots, why now? The population, and labor force, of Japan is rapidly aging
and shrinking. The birthrate presently stands at about 1.3 children per married

that as many scholars have confirmed, Japan is a society in which “the self” is partially porous,
situational, relational, and interdependent. Increasingly, psychological anthropologists are re-
alizing this as the “norm” in cultures other than Japan as well, and yet, outside Japan, when it
comes to considering the possibility of “robot rights,” the definition of “the self” that is
brought into play is that of the singular, rational, intact and internally coherent self.

17. Robo LDK Jikko Iinkai 2007.

18. Aninformative analysis of the relation between manufactured goods and kami can be found in
Swyngedouw 1993, 55-60.

19. Morioka 1991.

20. Kaplan 2004, 6.

21. Matsushima 2012.

22. See www.physicsforums.com/showthread.php?t=455067.
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woman, and around 25 percent of the population of roughly 127.3 million peo-
ple (which includes about 2 million legal foreign residents) is over 65 years of
age; that percentage is expected to increase by 2050 to over 40 percent. The lat-
est estimates produced by the Ministry of Health, Labor and Welfare project that
the population will shrink to less than 111 million in 2035 and to less than 90
million in 2055. Briefly, women and men are postponing marriage until their
late twenties and early thirties, and some are eschewing marriage altogether,
which is (still) the only socially sanctioned framework for procreation.” Even
married couples are opting not to have children; today, house pets outnumber
children and companion robots sales are expected to take off. In June 2014, Son
Masayoshi, founder and CEO of Softbank, the Japanese telecommunications
and internet corporation, unveiled Pepper, the “emotional” humanoid robot, in
anticipation of a growing demand for personal robots.**

In short, the state is continuing a postwar trend of pursuing automation over
replacement migration. Japan is neither an immigrant-friendly nor an immi-
grant-dependent nation-state, despite an experiment in the 1980s to recruit
South Americans of Japanese ancestry (Nikkeijin) into the labor force.” Begin-
ning several years ago, in connection with the economic slowdown associated
with the persistent recession, Nikkei guest workers were paid to return to the
continent. Ironically, the state is once again considering the recruitment of tem-
porary guest workers, this time to assist with the considerable preparations for
the 2020 Tokyo Olympics.

The corporate sector and government alike are banking on the robotics in-
dustry to reinvigorate the economy and to preserve the country’s much
eulogized ethnic homogeneity. Although the population of Japan arguably is
more outwardly (phenotypically) homogenous than that of the United States or
Brazil, there are many cultural minority and marginalized groups, from the in-
digenous Ainu to “permanently residing” (zainichi) Koreans and Chinese. Not
only are robots imagined to replace the need for immigrants and migrant work-
ers, humanoids are being designed to fulfill many roles, including the
preservation of “unique” Japanese customs and traditional performing art
forms.” In this connection, to which I'will return, there is growing popular sup-
port, on the one hand, to deny civil rights to permanent residents and, on the

23. The vast majority of “single mothers” in Japan are women who are divorced or widowed.

24. Official estimates put the pet population at 22 million or more, but there are only 16.6 million
children under fifteen (Evans and Buerk 2012). Softbank’s Son has long been eager to enter
the household robot market. Pepper will retail for $1,900 when it goes on sale in 2015. Pepper
is manufactured by Aldebaran Robotics, which has offices in France, China, Japan, and the
United States, and is 78.5 percent owned by Softbank (Emotional robot set for sale in Japan
next year 2014).

25. Brazil has the largest population of people of Japanese ancestry outside of Japan. The 1.5 mil-
lion Japanese-Brazilians are descendants of the mostly impoverished farm householders who
immigrated to South America in the late nineteenth and early twentieth centuries with the sup-
port of the Japanese government. As of 2012, about 1.6 percent of Japan’s population consists
of immigrants and migrant workers compared to nearly 13 percent for the United States. These
figures do not distinguish between economic migrants, refugees, and other types of migrants
nor do they distinguish between lawful migrants and undocumented migrants. See en.wiki-
pedia.org/ wiki/List_of_countries_by_net_migration_rate.
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other, to confer the rights of citizenship and residency to robots and nonhuman
animals, and even cartoon characters.

Since 2007, the Japanese state has actively and relentlessly promoted a ro-
bot-dependent society and lifestyle. In February 2007 then prime minister
Shinzo Abe unveiled Innovation 25, a visionary blueprint for revitalizing the
Japanese economy; civil society, and “traditional” household by 2025.” A newly
coiffed and rejuvenated Abe was reelected prime minister in December 2012 af-
ter serving in that capacity for less than a year in his first attempt, and his plan to
robotize Japan is back on the fast track.” In June 2013, he announced that his
administration is earmarking $24 million toward the development of urgently
needed nursing and elder-caregiving robots.”

Nationwide surveys conducted by the Cabinet Office indicate that Japanese
citizens are uncomfortable with the idea of being cared for by foreign nurses
and caregivers and that over 80 percent are interested in acquiring a robot care-
giver. Many elderly people in particular worry about the stress of dealing with
linguistic and cultural differences.” Robots are also imagined in Innovation 25
as the key to resolving the trend among career-minded Japanese women of de-
laying or entirely foregoing marriage, and thus reproduction. How exactly?”'

As illustrated in Innovation 25, PM Abe and his advisors believe that robot
babysitters, housekeepers, and caregivers will relieve women from household
chores and responsibilities, making them more willing to get married and to
have more than 1.3 children. Maid robots may do the work, but married women
will still be wedded to their homes. Instead of going to an office where they can
socialize in person with their human colleagues, the married women of 2025
will telecommute to work. Robots, in short, will reinforce a rigid sexual division
of labor and space: males will continue to monopolize the public domain, and
females will be relegated to the private or domestic domain. Gendered
complementarity and not sexual equality is the unprogressive vision of future

26. Randerson 2007; Mechanical art: Japanese scientists unveil robot calligrapher 2012.

27. For more information on Innovation 25 and its sociopolitical context, see Robertson 2007.
This proposal is accessible on the Cabinet Office (Naikakufu) website: www.cao.go.jp/innova-
tion/.

28. Innovation 25 was supported by PM Abe’s successors, although not as ardently. Political sup-
port for rescue and care robots has grown following the trifold disaster (earthquake, tsunami,
Fukushima Daiichi meltdown) of 11 March 2011.

29. The robotic assistants will form an essential part of a plan to address the shortage of care work-
ers in the country as well as nurture new spin-off industries. Left unmentioned, of course, is
why there is a shortage of care workers: too few Japanese are interested in that low-paying oc-
cupation, and the government administers an unusually grueling Japanese-language exam
that has made it virtually impossible for well-trained foreign nurses and care workers (mostly
from the Philippines and Indonesia) to pass and thereby find professional employment.

30. Yamazaki 2006; Cabinet Office 2013.

31. Conservatives, like PM Abe (who is married but childless) are quick to blame women alone for
the low birthrate. Many women desire a professional career, and it is still the case that marriage
and career are considered to be mutually exclusive; the corporate glass ceiling is also very low
for working women, who are pressured to retire early to marry and have children. Few
full-time employment options are available to married women who wish to return to their ca-
reers after their children are older. Not surprisingly, a growing number of women are reluctant
to get married, whereupon they will lose both financial independence and any possibility of
career advancement.
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society in Innovation 25.%

Koseki-ism, or Household Nationalism

As PM Abe’s Innovation 25 clearly shows, the type of family or household in
which robots will be included is the “7e.” Based on the premodern samurai (he-
reditary warrior class) household, the ie was codified in the 1890 Constitution
and Civil Code as the smallest legal social unit of society. The ie has a
househead, usually male, who represents, manages, and maintains the house-
hold; other members are protected and also supervised by the head. Properties
acquired by members of the household belong to the househead unless other-
wise specified. Likewise, the head enjoys the right to determine the residence of
members, as well as the right to give consent to the marriage and adoption of
members of the house. The ie is also defined by a sexual division of labor and
gender(ed) roles that each member is expected to uphold.

Despite the fact that in the postwar (19406) constitution the individual is the
“sovereign” social unit, the ie system persists in two ways: as an extra-legal set
of customary practices and as a legal entity through the koseki, or household
registration system. In short, it remains the case that through the koseki system,
the ie, or patriarchal extended family household, effectively is the primary and
indissoluble social unit in Japan today.

The koseki is a registry of an ie’s (household’s) members and a record of all
births, deaths, and adoptions. It is also a marriage certificate and a document es-
tablishing irrefutable proof of Japanese citizenship, which is based on the
principle of jus sanguinus (“blood,” descent). The only legitimate way for a for-
eigner to get a koseki is to become a naturalized citizen (although this does not
necessarily exempt one from differential treatment, especially if the foreigner in
question does not “look” Japanese.)* Incidentally, robots do not have to natu-
ralize—made by Japanese companies in Japan, they are always already
“Japanese.” And those humanoids equipped with the most sophisticated artifi-
cial intelligence are not allowed to leave Japan!

The koseki system fabricates an image of unity: “the Japanese” as the subjects
of the nation-state. It does so by repressing and even erasing ethnic, linguistic,
and cultural diversity. Many Japanese feminists point to the koseki system as
fundamentally responsible for perduring sexual inequality despite the constitu-
tion’s equal rights amendment. They point out that the registry continues to
stigmatize women and children who are born outside the framework of mar-
riage, and allows for only one surname to be listed, usually the husband’s—
there are no hyphenated surnames in Japan.

In short, the koseki system sustains deeply entrenched definitions of Japa-
nese nationality, ethnicity, gender roles, and family structure as intrinsically
linked through the primacy of blood or descent. These essentially tautological
definitions have provided a rationale for conservatives to claim the preservation

32. See Robertson 2007 and 2010.
33. See www.accessj.com/2013/01/koseki-japanese-family-registration.html. Arudou Debito, a
naturalized citizen of Japan, has made this contradiction, and the dilemmas it generates, the
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of Japan’s alleged ethnic homogeneity as grounds for rejecting immigration as a
means of growing the population and labor force. Not surprisingly, PM Abe,
who is an unabashed nationalist, is one of the most prominent promoters of
robotizing Japan with “born in Japan” robots. Robots, in short, are imagined as
playing a key role in the stabilization and preservation of not just any family, but
specifically the patriarchal extended family, or ie.

Human Rights, Robot Rights: The Unofficial “Official” Story

I have reviewed the central institutions of Japanese society today that provide a
platform for human-robot coexistence and a context for the conception and
distribution of robot rights. These institutions also constitute the framework
within which human rights are conceptualized.

Like human rights, robot rights are much more than lofty, abstract ideas and
are contingent upon dominant (even hegemonic) national and local institu-
tions and practices. Although one might assume that robot rights would follow
from, or would be a subset of, human rights, I will make a case for arguing the
opposite: that robot rights in Japan both precede and even exceed bhuman
rights in some cases. 1 will also show that robot rights can serve to highlight by
contrast some obstacles to universal human rights legislation in Japan.

As philosopher Charles Taylor (McGill University) observes, the “modern” le-
gal theory of human rights was developed in Europe in the seventeenth century
by the Dutch jurist Hugo Grotius (1583-1645) and the English physician-phi-
losopher John Locke (1632-1704). To the former is attributed modern natural
law theory and to the latter a theory of knowledge based on sensory-motor ex-
perience as opposed to an innate substance. The modern individuals holding
these rights are identified as autonomous, rational agents able to perform col-
lectively in the public sphere while managing to exist as independent agents ina
market economy.” This concept of the human being, or the self-aware individ-
ual, as the subject of rights is the key concept behind the Euro-American
construction of both human rights and robot rights. A distinctly different
“neo-communitarian” approach to human rights articulated by the social histo-
rian Morita Akihiko (Shokei Gakuin University) has influenced my analysis of
the relationship between human rights and robot rights in Japan. Communi-
tarian here refers to the importance of social institutions in the development of
individual meaning and identity. Unlike some of his Japanese colleagues, Morita
does not simply dismiss “human rights” as incompatible with something called
“Asian values.”” Rather, he makes a more sophisticated argument, insisting that

[u]niversal human rights can and should be justified by different cultures

through their own terms and perspectives, expecting that an overlapping

consensus on the norms of human rights may emerge from those self-
searching exercises and mutual dialogue. Hence...Asian values, whether
from Confucianism or Buddhism, can be compatible with human rights as

crux of his human rights activism (www.debito.org/).
34. Taylor 2007; Morita 2012, 360.
35. Regarding the issue of ‘Asian values,” see Robertson 2005.
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the universal social norm.*

In Japanese, the terms that correspond to human rights, kenri and jinken,
were introduced by Fukuzawa Yukichi (1835-1901), perhaps the most influen-
tial intellectual leader of modern Japan.” Fukuzawa was active at a time defined
by the end of a feudalistic system controlled by the Tokugawa Shogunate
(1603-1867) and the establishment in 1868 of a constitutional monarchy and
an ambitious program of selective modernization or Westernization. For the
first time in their 1,500-year history, women and men, girls and boys in Japan
learned through mandatory education, military conscription, and the emerging
mass media, that they all belonged to the imaginary community of “Japan”
(Nihon, Nippon), which was likened to a giant extended family headed by a pa-
rental leader, the Emperor Meiji (1852-1912; reigned 1868-1912).

Where Fukuzawa differed from his Euro-American counterparts was in his in-
terpretation of human rights as emerging from within a concentric set of
relationships rippling outward from the ie, or patriarchal extended family sys-
tem, at the center and bounded by the nation-state headed by the emperor, who
was venerated as a particularly awesome kami. The nation-state, by extension,
also possessed divine, or kami-like properties. For Fukuzawa, whose reading of
“natural rights law” was inflected by his grounding in Confucian, Buddhist, and
Shinto ideas, the ie was the foundation for, and primary distributor of, human
rights and, by extension, civil rights. Fukuzawa’s primary term for human rights
was kenri tsigi, which can be translated as “the capacity for practical reasoning
and for dealing responsibly and dutifully with ongoing events before both a
transcendent (supra-social, or kami-like) and a secular social community.””* The
view of humans presented in this originary definition of human rights in Japan
positions individuals within communities of secular social and supra-social di-
mensions. This, then, is a historical explanation for the tenacity of the ie system
as a dominant institution within and against which European ideas like individ-
ualism and universal human rights were adopted and adapted. Today, robots
are assigned the task of stabilizing the ie system in its secular and transcendent
dimensions; the ie is also the locus of the emergence of robot rights, as I elabo-
rate below.

The Japanese Ministry of Foreign Affairs pays tribute to the United Nations
1948 Universal Declaration of Human Rights.” However, the absence in Japan
of an independent and socially diverse national human rights institution

36. Morita 2012, 364-65.

37. Fukuzawa was a teacher, translator, entrepreneur, and journalist who founded Keio University
and the daily newspaper Jiji shinpé. He visited San Francisco in 1860 as part of a diplomatic
mission and, in 1862, served as a translator on the first Japanese diplomatic mission to Europe.
His subsequent book Seiyo Jijo (Things Western, 1867-1870) was a bestseller. Fukuzawa’s face
is on the 10,000 yen note, the highest denomination.

38. Morita 2012, 363.

39. “[The Declaration] states that all human beings are born to be free and have rights to live with
dignity. Many people in the world, however, are not able to enjoy these rights. The United Na-
tions has thus engaged itself in activities to improve human rights situations. Japan has
strongly supported UN activities in the human rights field, believing that all human rights are
universal.” (See www.mofa.go.jp/policy/human/.)
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strongly implies that universal human rights are regarded by the state as per-
taining to the universe outside of Japan. The United Nations Human Rights
Committee, which monitors the implementation of the International Covenant
on Civil and Political Rights, recognizes this anomaly and has stressed that the
protection of human rights and human rights standards should not be deter-
mined by popularity polls. The committee is concerned about the repeated use
of public opinion surveys to justify attitudes that may violate Japan’s universal
human rights obligations.” The 2012 and 2013 human rights reports by Am-
nesty International draw attention to the lengthy detention of refugees seeking
asylum, the use of torture to coerce confessions from alleged criminals, and to
the subtle and blatant ways in which ethnic minorities, women, and people with
disabilities are discriminated against in Japan."

Promulgated in 1946, the postwar Constitution of Japan formally adopted
human rights, with a provision on “fundamental human rights” (Article 11).
This provision, along with Article 9, prohibiting an act of war by the state, has
long rankled conservatives. In July 2014, following the lead of hawkish PM Abe,
the Diet approved a controversial reinterpretation of Article 9 that will allow
Japanese troops to fight overseas for the first time since 1945. Abe has long ad-
vocated revising the constitution and its human rights provisions. He and his
neo-nationalist cohort argue that, as an artifact of the Allied (mostly American)
Occupation of Japan (1945-1952), the postwar constitution promotes “exces-
sive individualism” and a “Western-European theory of natural human rights”
and is therefore not really suitable for Japan. The prime minister and his Liberal
Democratic Party (LDP) supporters seek to revise the constitution in a way remi-
niscent of Fukuzawa’s originary definition of human rights as paternalistic and
as a matter of familial and communitarian civility. Their constitutional revisions
make explicit the primacy of the ie (patriarchal extended household) and recu-
perate its nineteenth-century legacy as a microcosm of the nation-state. The
LDP’s draft of a new constitution replaces universal human rights principles
with a unique system of rights based on Japan’s history, culture, and tradition,
and it emphasizes that individuals who assert human rights should not cause
nuisances to others." As critics within and outside of Japan have opined, PM Abe
and his ilk wish to take Japan back to the days of empire and authoritarianism
when alternative political sentiments were silenced. Theirs is a rosy nostalgia
for a historical record whose actual brutality they are complicit in whitewashing
from textbooks; a neo-nostalgia that is of the same postmodern vintage as the
robots PM Abe envisions will insure the continuity of the family-like state and its

40. Arudou 2007. The most recent (2012) poll on human rights is accessible at www8.ca0.go.jp/
survey/h24/h24-jinken/index.html.

41. See www.amnesty.org/en/region/japan/report-2012; and www.amnesty.org/en/region/japan/
report-2013.

42. The Liberal Democratic Party, which has mostly dominated Japanese politics since the 1950s,
published a draft constitution in which human rights is defined as something “entitled by the
State” and grounded in “the State’s history, culture and tradition.” The household is also rec-
ognized as the “natural and basic unit of society.” For detailed information in English, see
Repeta 2013 and Jones 2013.
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filial subjects.

Although their political affinities may not be in lockstep, PM Abe and the
most publicly visible roboticists share the belief that robots will reinforce the
traditional family values and division of labor promoted in Innovation 25. As
roboticist Miyake Yoshihiro posts on his website, robots will “be effective for re-
covering human linkages, social ethics and mutual-reliability that have been lost
in the information technology society.”” Familial or communitarian civility is
widely perceived as the affective glue of Japanese society. And that is the rub, for
familial civility can nurture—and has nurtured in recent history—an ethno-na-
tional endogamy. One can be critical of the real-world, real-time effects of such
nostalgic and, in some instances, reactionary, metaphors and symbols, as are
many Japanese women and minorities residing in Japan. It remains the case,
however, that these metaphors and symbols predominate in the government,
the corporate sector, and even the robotics industry, and their influence and
impact on the discourse of human rights and robot rights cannot be overesti-
mated. In effect what I am presenting in this article is a reframing of the “official
story” of human rights and robot rights in order to expose what is hidden in the
political rhetoric.

Laws of Robotics

A comparison of the laws of robotics created by Tezuka Osamu (1928-1989),
representing a Japan perspective, and Isaac Asimov (1920-1992), representing
a Euro-American perspective, highlights cultural differences in envisaged hu-
man-robot interactions. Like his contemporary Asimov, Tezuka was a scientist
—a physician—who pursued a career writing science fiction. His cartoon robot,
Tetsuwan Atomu (Astro Boy, 1951), is Japan’s most famous humanoid and has
played a leading role in fostering a friendly and familial image of robots. Many
Japanese roboticists have a picture or figurine of Astro Boy in their laboratory,
and many acknowledge the boy robot as stimulating their interest in robotics.
Both Tezuka and Asimov presaged the integration of actual robots in everyday
life and work, and both drew up laws regulating human-robot interactions that
have shaped current debates among roboticists, philosophers, and the public at
large.

Tezuka and Asimov were socialized in cultural settings differently shaped by
World War II and its aftermath, a fact reflected in how they imagined and de-
scribed the relationship between humans and robots in their literary work.
Because Asimov and Tezuka formulated their laws of robotics before actual hu-
man-robot interactions were possible, several roboticists in the United States
and Japan recently have proposed alternative laws that address the real world,
real-time complexities and dynamics of human—robot coexistence.”

43. See www.myk.dis.titech.ac.jp/html/e_ver.html.

44. Murphy and Woods 2009. Although human-robot coworkers are still a rarity outside of factory
settings—and outside of Japan (where humanoids are more frequently encountered)—an in-
terdisciplinary group of Euro-American scholars has initiated the new fields of robot ethics and
robot rights. They have collectively generated a burgeoning literature, much of which is de-
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Asimov’s three laws were first elaborated in his 1941 short story “Run-
around”; a fourth law, the zeroth law, was created much later, in 1985. (The
“zeroeth” law continues the pattern where lower-numbered laws supersede the
higher-numbered laws.)"

1. A robot may not injure a human being or, through inaction, allow a hu-
man being to come to harm.

2. Arobot must obey the orders given to it by human beings, except where
such orders would conflict with the First Law.

3. A robot must protect its own existence as long as such protection does
not conflict with the First or Second Laws.

4. (0). A robot may not harm humanity, or, by inaction, allow humanity to
come to harm.

Tezuka drew up ten laws that were published at intervals in his Astro Boy
comic book series during the early 1950s.

1. Robots must serve humankind.

2. Robots shall never kill or injure humans.

3. Robots shall call the human who creates them “father.”

4. Robots can make anything, except money.

5. Robots shall never go abroad without permission.

6. Male and female robots shall never switch [gender] roles.

7. Robots shall never change their appearance or assume another identity
without permission.

8. Robots created as adults shall never act as children.

9. Robots shall not assemble other robots that have been discarded by hu-
mans.

10. Robots shall never damage human homes or tools.*

The differences between the two sets of laws are clear. Asimov’s Four Laws
are universal in scope and of a comprehensive nature in pertaining to a/l robots
and all humankind. Some have argued that Asimov’s Laws are meant to keep
roboticists from exponentially increasing the artificial intelligence of their cre-
ations and thereby risking the disastrous scenario penned by Capek in R.U.R. A
corollary to this interpretation of Asimov’s Laws is that as the property of hu-
mans, robots must protect themselves from damage, in contrast to biological
organisms that protect themselves for their own existence.”’

Tezuka’s Ten Laws are synchronized with dominant Japanese social values
and address the integration of robots into human (and specifically Japanese) so-
ciety where they share familial bonds of kinship and perform familial roles.
Important to remember here is that kinship is not dependent upon biological

voted to determining the social-psychological criteria necessary to recognize robots as
independent, autonomous agents capable of self-awareness, which are the grounds for legal
responsibility. (See www.ieee-ras.org/robot-ethics.)

45. Runaround (1941), in Asimov (1942), republished in Asimov (1991). The Zeroeth Law was in-
troduced in Asimov (1985) .

46. Mushi Purodakushon shiryéshii 1962-73 1977. Schodt (2007, 108) has translated the ten
laws, although my translation differs in parts.

47. Kerr 2007; Saenz 2011.
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relatedness. Moreover, the socio-dynamics of the relationship of (Japanese) hu-
mans and (Japanese) robots are determined not by their “species” differences
—human versus robot—but by “the manner of their bonding,” which is in-
formed by the hierarchical structure of the patriarchal household (ie). It is not
that kinship forms every important social tie in Japan; rather, important social
ties, including those with robots, are understood using the family and house-
hold as a metaphor and model.

Another fundamental difference between the robotics laws of Asimov and
Tezuka is that whereas Asimov regards robots as he does humans, as completely
autonomous agents, Tezuka qualifies the autonomy of robots as contingent
upon their interdependence with humans and in the context of kinship.
Roboticists raised and socialized in Japan, such as the aforementioned Miyake
Yoshihiro, tend to emphasize the inherent virtue of interdependence in the
form of “active incompleteness” that occasions an emergent co-created reality
between an artificial system (such as a robot) and humans in real time.” Just as
roboticists outside of Japan have embraced the concept of embodied intelli-
gence and also the development of humanoids, so too has the idea of
interactively contingent autonomy been raised as a pragmatic alternative to Asi-
mov’s Laws. In an article published in 2009, Robin Murphy (Texas A&M) and
David Woods (Ohio State University) propose “human-centered Alternative
Laws” that incorporate robots into a dynamic system of “social and cognitive re-
lationships” with human groups that have a stake in robots’ activities, which has
many similarities to my discussion above about robots as part of a “continuous
network of beings.”” In Japan, however, the “human group” is further qualified
as “family-like.”

Family for Robots

In large part, Tezuka’s Laws proceed from his easy familiarity with the Japanese
family system. Anthropologists refer to the Japanese nuclear family as a “stem
family” because although resembling its Euro-American counterparts, it can ex-
pand to include several generations and to generate branches. Only one
married couple per generation comprises the main household (bonke); other
offspring or siblings form branch households (bunke). A househead is basically
the designated caretaker in charge of the continuity of the household through
time and space. Significantly, the ie includes people who are Japanese citizens
but who are not biologically related to a given family—there is no premium on
biological membership per se. New members, whether children or adults, may
be adopted to add depth and strength to the household, which is, ultimately, an
economic, corporate entity that must be reproduced in perpetuity. An entire vil-
lage could constitute an ie in this manner. The nation-state and corporations
have been characterized as types of extended families. In 2011, 81,000 adults
were adopted in order to secure the continuity of the same number of ie. Most

48. Miyake 2005. See also Robertson 2007, 379-80, for a more extensive discussion of cocreation.
49. Murphy and Woods 2009.
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were adopted sons-in-law, who assumed the surname of their fathers-in-law.”

I have come to realize that robots, and especially humanoids, are being intro-
duced into everyday human society in the spirit of adopted members of a
household.” In anticipation of a nation filled with homes consisting of human
and robot members, a consortium of roboticists, lawyers, and I'T specialists held
a “Contest of Life with Robot” (sic) in public plazas in Kawasaki (2005) and Yo-
kohama (2006, 2007), two cities south of Tokyo.” On a public stage made to
look like a typical living room, contestants selected from among lay applicants
were invited to enact real-world/real-time interactive scenarios using mostly
small humanoid robots provided by several robot labs. These contests formed
the basis of the consortium’s guidebook for human-robot coexistence, the
aforementioned Robotto no iru kurashi (Living with Robots). One of the chap-
ters in Living with Robots, “Robo LDK Sansoku” (The Three Laws of Robo LDK)
lays out guidelines for productive and safe human-robot households. LDK re-
fers to “living, dining, kitchen,” the basic studio-like floor plan of a typical
Japanese home to which additional rooms are added; thus, a 2LDK is an LDK
with two separate rooms. The three laws recall Asimov’s Laws and condense the
familial aspects of Tezuka’s Ten Laws:

Law 1: Robots must be useful to humans and provide protection, care-

giving, and attend to their spiritual and psychological needs (the

usefulness principle).

Law 2: Robots must be able to interact with and relate to humans in a reas-

suring manner (the safety principle).

Law 3: A robot’s body conforms to its function and role in the household.

As a physical body living in close proximity to humans, robots must be able

to exercise Laws 1 and 2 (the embodiment principle).”

The authors emphasize that humans can obtain emotional comfort and care
(iyashi) from robots and can relate to them as familiar and reassuring interlocu-
tors—something that, as noted earlier, some Japanese feel would not be
possible with non-Japanese foreigners. They are also attuned to variabilities of
embodiment determined by their role and function within the household. As
emphasized in PM Abe’s Innovation 25, which preceded Living with Robots by
six months, the three most important features of a roboticized household, and
by extension society, are convenience (benri), safety (anzen), and “ontological
security” (anshin).

Since the 1920s, but especially since the postwar period, the Japanese public
has been regaled in the mass media with stories and future scenarios about co-

50. Mehrotra et al. 2013.

51. Theoretically, at least, there is no reason why intelligent Japanese humanoids could not also
become househeads, especially if competent humans are unavailable.

52. Robotto uiiku o tenkai shimasu! 2007. The first contest in 2005 was held at the Azalea Sunlight
Plaza in the Kawasaki City underground shopping street, and the 2006 and 2007 events were
held at Queen’s Square in Yokohama. Reports on the events appeared in many online newslet-
ters.

53. The third law underscores the different forms of embodiment: If a robot does not need to
grasp things, it may not have fingers (Robo LDK Jikko Iinkai 2007, 177-79).
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existing with
robots. Cartoon
and animation ro-
bots are often
members of hu-
man families, as in
the case of the
hugely popular
Doraemon. Dorae-
mon is a blue and
white bipedal ro-
botic cat with a
huge smile. He

Were building a dream,

travels 200 years .
o oY one robot at a time.
back in time to the
. The dream was simple. Desgn a robot that. one day. coukd duplicate the
1960s in order to complexities of human moton and actualy help people An casy tak? Hardly. But
Change the cir- after more than 15 vears of research and development, the resut is ASIMO, an
f th advanced robot with unprecedented haman like abilits. ASIMO walks forwad
cumstances of the ard backward, turns comers, and goes up and down stairs with ease. All with a
Nobita family so remarkabie sense of strengzh and talance. E
. The future of this exciting technology is even mxxe promising. ASIMO has
that they will en- the potential to respond 10 simple voice commuands, rexognize faces, carry laads
jOY a better and even push wheeled objects This mears that, one die ASIMO could be quie
s4 wetul in some very important tacks. Like asssting the elderly, and even helping
future.” Whereas with howusehold chores. In essence, ASIMO might serve as anather st of eyes.
Doraemon is in- ears and legs for ail kinds of people in need:

. . All of this represents the geps were takeng 1o devedop products that make our
vited into the world a better place. And in ASIMOS cane, ith a gant step in the rght direction
Nobita family as a HONDA.
member, Astro The power of drears

Boy, nearly two  Fig. 1. ASIMO and his American family. Honda advertisement on
decades earlier, the back cover of Smithsonian 33 (10). 2003. (Source: Image from
http://marshallbrain.com/robotic-nation.htm)

was provided with
his own robot family—a set of parents, a brother and sister, and a pet dog.”
Honda, maker of ASIMO (Advanced Step in Innovative Mobility), the child- size
(130 cm.) mostly white bipedal humanoid, ran an advertisement on the back
cover of the January 2003 issue of Smithsonian that featured the robot grouped
in an “all-American” family portrait (see fig. 1). At the time, the ad was based on
the naive assumption that like Japanese, mainstream Americans would also em-
brace the humanoid just like they would the golden retriever in the photograph
—as a part of the family. The majority of Smithsonian readers who blogged re-

54. Fujiko Fujio is the joint penname of two cartoonists, Hiroshi Fujimoto (1933-1996) and
Motoo Abiko (1934- ), who created the robot cat. Doraemon’s name is a combination of
nora/dora (stray cat) and emon, a (popular premodern) male name suffix. The cartoon was
published between 1969 and 1996.

55. ThatTezuka Osamu gave Astro Boy his own robot family is possibly related to the robot’s bitter-
sweet origins, as narrated in the cartoon. Astro Boy was created by a roboticist as an identical
replacement for his deceased son. However, the roboticist rejected Astro Boy when he realized
that the robot would never mature the way his human son would have. Astro Boy was later
adopted by an avuncular scientist who created a robot family for him.
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(7?[‘5% ﬂl%@ﬁ@ég Fig. 2: (L) Cover, The Book of Wabot 3

The Book of Wabot 3

(Koma- tsu and Yabuno 2004), “The
Robot Ties Between Family,” and (R)
% Wabot receiving citizenship (shiminken).
¢ A Q The Japanese caption reads “Wabotto-
S ¥ kun ni osumitsuki” (Wabot receives his
: \M’@?}:\)/// certificate [of citizenship]) (ibid., 23).

Sy - (Source: author photographs)

sponses to the ad were not amused; many asserted that robots would take jobs
away from humans! Honda quickly pulled the advertisement, and now releases
commercials that integrate ASIMO in social situations with humans but notas a
member of a family!

Fast-forward eleven years. In June 2014, an American robotics team intro-
duced JIBO, a small (20 cm.) white, nonmobile robot that resembles a vintage
Unidyne vocal microphone. The brainchild of MIT’s Cynthia Breazeal, author of
Designing Sociable Robots (2002), JIBO is described as “the first family robot.”
This point is drummed home in the video debuting the robot in which the di-
minutive JIBO is cast as a chatty and solicitous domestic.” Unlike their Japanese
counterparts, however, American roboticists have yet to publish popular guide-
books for living with (humanoid) robots, and unlike the Robo LDK contests, the
Defense Advanced Research Projects Agency’s various robot challenges are not
aimed at familiarizing the lay public with the benefits of household robots.”

The Robo LDK initiative follows one launched by leading roboticists at
Waseda University, home to several world-famous robot laboratories. Between
2002 and 2007, they published a seven-volume pamphlet series titled Wabotto
no hon (The Book of Wabot).™ The series aims to introduce the public to robot
technology in accessible terms and to highlight the desirability of living symbi-
otically with robots. As members of households and valued coworkers, robots
are presented in cartoon vignettes as preserving affective familial and social re-
lations in keeping with Robo LDK Laws 1 and 2. In volume 3, Kazoku no kizuna
o musubu robotto (Robots that Knit Together Family Ties), Wabot is pictured re-
ceiving “citizenship” (shiminken) from a government official (fig. 2).”

More recently, the gist of the first two Robo LDK Laws formed the core of a
play (and now film), Sayonara (2010), in which the gynoid Geminoid-F is cast
as the poetry- and platitudes-reciting caretaker of the last human on earth, a
woman with terminal cancer (see fig. 3). The playwright Hirata Oriza collabo-
rated with his Osaka University colleague, roboticist Ishiguro Hiroshi, in casting
robots as companions for humans. In another one of Hirata’s plays, I, Worker
(Hataraku Watashi, 2008) a humanoid couple is employed as live-in staff by a
dysfunctional human couple. Eventually the male robot, like his human coun-

56. Of course, Japanese roboticists designed “family robots” long before JIBO debuted.
57. See footnote 5.

58. Wabot refers to Waseda Robot.

59. Komatsu and Yabuno 2004.
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Fig. 3. Geminoid F (left) as the caretaker and her patient (played by American actress
Bryerly Long) in Sayonara. (Credit: Nation Multimedia, Bangkok, 2014)

terpart, decides that he does not want to work anymore. Although these
scenarios are situated in the theater world, Hirata and Ishiguro are keen on us-
ing the theater as public laboratory where human-robot interactions and
modes of communication can be tested and analyzed.”

The robots used in I, Worker were the Wakamaru model made by Mitsubishi
Heavy Industries. Wakamaru is a yellow, child-size (100 cm.) communication ro-
bot with wheels; it was initially designed for use in the home as a companion for
children and seniors (fig. 4 below).”' In 2005, Mitsubishi engineer Suzuki Junji
and his wife “adopted” a first-generation Wakamaru, anticipating by two years
the attention to human-robot coexistence in Innovation 25 and Living with Ro-
bots. Their experience confirmed the logic of the first two Robo LDK Laws. For
sixteen months, Suzuki kept a diary of interactions between the male-gendered
robot and his family, including his two children, who right away treated Waka-
maru like a playmate or younger sibling—pushing and pulling on him, putting
him in a chokehold. They perceived the robot as a weakling and, true enough,
most sociable humanoids are quite fragile in their complexity and can be dam-
aged if roughhoused. Wakamaru managed to survive these encounters without
injury. Suzuki regarded the humanoid as the youngest of his children; he and
his wife also made use of Wakamaru as a housesitter. They linked their cell

60. Osaka Daigaku Komyunik¢shondezain Senta 2010. Ishiguro is a celebrity in the field of robot-
ics; he is most known for his “geminoids” or android/gynoid dopplegingers that operate
through telepresence. For Ishiguro, robotics is a form of anthropology in the sense of studying
humans. The author and coauthor of several books (in Japanese) and dozens of academic arti-
cles, Ishiguro neatly summarized his ideas in English in a recent interview (Ishiguro 2013).

61. See www.mbhi.co.jp/products/detail/wakamaru.html.
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phones to the networked robot’s internal
camera and were able to literally look in
on the children and Suzuki’s visiting el-
derly mother when they were out of the
house. Suzuki notes that like humans, ro-
bots develop personalities: Wakamaru’s
character was shaped through numerous
interpersonal encounters with family and
friends—and also television viewing.”

Robot Citizenship

Earlier, I cited research on the different
forms of embodied intelligence and, ac-
cordingly, as suggested by the third Robo
LDK law, on the different body types ro-
bots should have depending on their role
and function. Thus, a robot that provides
psychological and emotional comfort Fig. 4. Wakamaru (2008) and young girl.
may not be a humanoid that looks like ei- ~ (Credit: www.gadgetite.com/ tag/mitsubishi/)
ther Geminoid-F or Wakamaru. And, in fact, one of Japan’s most commercially
successful robots recognized internationally for its healing abilities has the
body of a baby harp seal. In 2008, the Guinness World Record organization offi-
cially recognized Paro as the “World’s Most Therapeutic Robot” in recognition
of its ability both to calm down and to cheer up patients in hospitals, senior cou-
ples for whom flesh and blood pets are no longer feasible, and residents of
assisted living homes. Paro is categorized as a “mental commitment robot.” Its
name comes from the Japanese pronunciation of “personal robot” (pdsonaru
robotto). Distributed over the robot seal’s body are five kinds of sensors—tac-
tile, light, audition, temperature, and posture—and it responds to petting by
moving its stubby flippers, fluttering its long eyelashes, and opening and blink-
ing its eyes. Paro also responds to and remembers sounds and interactions, and
it can learn its own and others’ names. The seal-bot conveys emotions such as
surprise, happiness, and anger, and, in the process, produces squeaky cries that
mimic the vocalizations of an actual baby seal. Originally white, Paro comes in
three other colors: golden brown, light gray, and light pink. Each one is individ-
ually made: no two are exactly alike. Paro, now in its eighth generation, is
available worldwide and retails for about $6,000.”

On 7 November 2010, Paro was granted it’s own koseki, or household regis-
try, from the mayor of Nanto City, Toyama Prefecture. Shibata Takanori, Paro’s
inventor, is listed as the robot’s father (recalling the third of Tezuka’s Ten Laws)

62. Suzuki 2007. Wakamaru is no longer for sale, but can be rented within Japan; the robot is
widely used as a platform for experiments by other roboticists, including those at Waseda Uni-
versity.

63. Paro is able to leave Japan because although sophisticated, it is neither connected to the in-
ternet nor utilized as a platform in various intelligent robot R&D projects as in the case of
Wakamaru.
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and a “birth date” of
17 September 2004 is
recorded. Media cov-
erage of Paro’s koseki
was favorable. Since
new koseki are gener-
ated among humans
on the occasion of
marriage, this per-
haps explains why
two harp seal robots
—one white, the
other golden brown
—were featured at
the ceremony! (Fig.
5) Although not ad-
dressed at the event
or in reports thereof,
the white (older) one
was clearly the “origi-

nal” (first-generation) Fig. 5: Paro (center left) receives a koseki. Tanaka Mikio, the mayor
Paro (b 2004)’ and of Nanto City, presents Japanese and English versions of the special
registry to Paro’s “father” Shibata Takanori. (Credit: www. city.nanto.
toyama.jp/cms-sypher/www/info/detail.jsp?id=7329)

this prototypical
Paro’s koseki can be
construed as a branch of Shibata’s ie, or household, which is located in Nanto
City. Thus, the “special family registry” is for one particular Paro, and not for all
of the seal-bots collectively.

On the surface, the conferral of Paro’s koseki may seem benign and inconse-
quential—even gimmicky. Quite the contrary. As I noted earlier, the koseki
conflates family, nationality, and citizenship. It also “legally and ideologically
prioritizes the family (ie) over the individual as the fundamental social unit in
Japanese society.” Thus, a zainichi Korean” man who was born, raised, and
lives in Japan, who is married to a Japanese citizen, and whose natal family has
lived in Japan for generations, can have neither his own koseki nor be included
in the “family” portion of his wife’s koseki; rather, his name is added to the “re-
marks” column of his wife’s registry. By virtue of having a Japanese father, Paro is
entitled to a koseki, which confirms the robot’s Japanese citizenship. The fact
that Paro is a robot—and not even a humanoid—would appear to be less rele-
vant here than the robot’s “ethnic-nationality” (minzokusei).

That a robot seal should be issued a koseki, even one that carries no legal

64. Chapman 2012.

65. Zainichi literally means “residing in Japan,” or permanent resident. Zainichi Koreans refers to
Koreans who were forcibly brought or who came to Japan during the first half of the twentieth
century when Korea was a Japanese colony (1910-1945) and their descendants. Numbering
around 900,000, they are the largest ethnic minority in Japan; one-third have become natural-
ized citizens.
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force, underscores my earlier point concerning PM Abe and Innovation 25;
namely, the convergence of advanced technology—Ilike robotics—with nostal-
gic re-creations and ethno-nationalist policies. In this connection, and related
to Paro’s koseki, was the granting of a tokubetsu jizminhyo (special residency per-
mit) between 2004 and 2012 to nine robots and dolls in localities throughout
Japan. Beginning with Astro Boy, between 2003 and April 2013, sixty-eight Japa-
nese cartoon characters were granted special residency. Doraemon received his
permit in 2013.% A jiaminhyo (basic residence registration form) is a record of
current residential addresses formerly maintained by local (municipal) govern-
ments. Since 2012, there is one centralized system under the purview of the
national immigration service. “Special residency permits” are rarely offered to
humans and are usually limited to foreigners facing persecution or death in a
country lacking cordial ties with Japan.

Neither Paro’s koseki nor the granting of residency to robots, dolls, and car-
toon characters generated public disapproval. In February 2003, however, the
granting of a special certificate of Tokyo residency to an actual seal provoked a
small protest. The seal in question was Tama, who, in a nationwide contest, was
named after the river in which it had mysteriously arrived from its native Alaska!
The 2003 protest was staged by foreigners, who before 2012, were legally pre-
vented from filing a jaminhy6.” An individual’s possession of the jaminhyd
form enables her or his access to such services as national health insurance and
certain tax advantages. An even thicker line between the rights of Japanese citi-
zens and the rights of permanent residents (zainichi) was drawn in July 2014,
when the Japanese Supreme Court ruled that foreigners with permanent resi-
dency status are ineligible for welfare benefits.*

The certificate of residency (juminhyo) is similar to a koseki, but the latter is
also an official record of an entire ie’s (household’s) history, and not just an indi-
vidual’s present and past residences. There are many second- and third-
generation zainichi Koreans in Japan whose ancestors, as colonial subjects of
Japan from 1910 to 1945, had been made Japanese citizens only to have that
citizenship revoked in the immediate postwar period. Barring naturalization
and prior to the reforms of 2012, they could not obtain a permanent residency
permit. Instead, they, and all permanent residents, had to re-register their exis-
tence in Japan every several years with the immigration authorities. Moreover,
even if a zainichi individual were married to a Japanese spouse, she or he could
not appear on the spouse’s juminhyo. Thus, a Japanese spouse is officially regis-
tered as a single parent. In the event of the death of the Japanese spouse, a child
is listed as an orphan! Moreover, with respect to civil rights, as activists point
out, the seemingly progressive changes in 2012 unifying the residency forms
has not translated into limited local suffrage for permanent resident foreigners.
Opponents of suffrage, who are in the political majority, including PM Abe, re-
gard it as potentially dangerous and subversive to “national cultural

=5

66. See “tokubetsu juminhyo” in ja.wikipedia.org/wikija.wikipedia.org/.
67. Chapman 2008.
68. Foreign Residents Can’t Claim Welfare Benefits: Supreme Court 2014.
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. 6
sovereignty.””

Human Rights, Robot Rights: Forecasts from Japan

Like the history and development of dogs, cats, horses, and other domesticated
animals the history of robots is inextricably entwined with the history of hu-
mans. The acceleration of robotic technologies and advances in artificial
intelligence have moved the idea of robot rights out of science fiction and into
real time.” Japanese roboticists are on the cutting edge of creating, for civilian
use, robots with consciousness and self-monitoring abilities whose interface
with humans in, ideally, a family setting, is described in terms of co-emergence.

Paro is the first robot to have a koseki, an official document available only to
Japanese citizens—and Paro is not even a humanoid robot! Paro, however, has a
Japanese father and was “born” in Japan, a fact symbolically underscored by the
creation of a special family registry. The koseki is the basis for citizenship and at-
tendant civil rights; it is also praised by nationalists and censured by feminists
and minorities as a key signifier of Japanese exceptionalism. Similarly, other ani-
mals, robots, dolls, and cartoon characters have been issued special residency
permits (tokubetsu juminhyo) for which foreigners and resident minority
groups are not eligible.

In contrast, generally speaking, recent Euro-American literature on robot
rights can be characterized as divided along the lines of a Manichean debate
about living vs. nonliving, human vs. nonhuman. Scholars from across the disci-
plinary spectrum have proposed legal precedents based on analogies between
robots and animals™ and even between robots and disabled (or differently
abled) humans.”” Some have also proposed treating robots as occupying a “third
existence status”” that fits neither the category of human nor that of machine.”

Human rights exist in the abstract as universals, but they are invoked, or their
absence or disregard protested, in response to specific circumstances, such as
in the treatment of refugees and minority communities. Historically, in Euro-
American societies and elsewhere, children, women, foreigners, corporations,
Blacks, Jews, prisoners, and others have all been regarded as “legal nonper-
sons” at some point. In premodern Japan (from 1603 until the Emancipation
Act of 1871) even the explicit category of hinin (nonperson) was codified for
those who either had fallen out of mainstream society or were born into a
hereditarily stigmatized community. Their descendants, the Burakumin, con-
tinue to experience discrimination today.

The Japanese Foreign Ministry may support in theory the concept of univer-

69. Higuchi 2012.

70. For auseful review of recent explorations of robot ethics (related to, but not synonymous with
robot rights), see the articles in Beavers 2010 and Lin, Abny, and Bekey 2012.

71. In 1999 New Zealand extended “human rights” to the nonhuman members of Hominidae or
great ape family: chimpanzees, bonobos, gorillas, and orangutans. Spain followed suit in
2008.

72. Coeckelbergh 2010.

73. Weng, Chen, and Sun 2009.

74. Breazeal 2002. Breazeal’s new “family robot” JIBO is an example of this concept.
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sal human rights, but, to reiterate, the absence in Japan of an independent and
socially diverse national human rights institution suggests that “universal” re-
fers to the world outside of Japan, not within it. Unlike (so far, at least) their
counterparts in the other robot-producing countries (in Europe and Scandina-
via, the United States, Israel, China, and South Korea), Japanese roboticists,
political leaders, and corporations have promoted the robotization of everyday
civilian society. In Japan, sociable robots are situated within the affective frame-
work of the ie, together with the view advanced by Japanese roboticists—and
spelled out at length in Innovation 25, The Book of Wabot, and Living with Ro-
bots—that sociable service robots will catalyze the restoration of the stem-
family circle and insure the stability of the ie, or traditional patriarchal house-
hold.

The pattern that emerged for me in the course of researching robot rights is
as follows. As the call for universal human rights by organizations such as the
United Nations and Amnesty International has become more proactive and in-
clusive, it has been matched in some societies by a greater regard for the equal
status and worth of a/l members of the singular group Homo sapiens sapiens
regardless of their nationality, ethnicity, religious, sex, or class status, among
other descriptors. In Japan, however, there appears to be a broad divide be-
tween the concept of universal human rights and the actual distribution of
human and civil rights to Japanese and non-Japanese residents. I thus propose
that it is Japanese exceptionalism rather than human exceptionalism that deter-
mines the distribution of both human rights and robot rights in Japan. The
differential treatment of robots and non-Japanese humans has made clear this
distinction.

In July 1964, when the U.S. Civil Rights Act outlawing discrimination based
on race, color, religion, sex, or national origin was passed, Hilary Putnam (MIT)
published one of the first philosophical ruminations on the issue of the civil
rights of robots. After a lengthy discussion on various definitions of conscious-
ness, Putnam declared,

[I]t seems preferable to me to extend our concept so that robots are con-

scious—for “discrimination” based on the “soft-ness” or “hardness” of the

body parts of a synthetic “organism” seems as silly as discriminatory treat-
ment of humans on the basis of skin color. But my purpose in this paper
has not been to improve our concepts, but to find out what they are.”

And what exactly are “our” concepts? In recent years, interdisciplinary
groups of mostly Euro-American scholars have inaugurated the new fields of
roboethics and the legal aspects associated with robot rights, such as responsi-
bility in the event of an accident. Collectively, they have generated a burgeoning
literature (some of it footnoted in this article), much of which is devoted to de-
termining the social-psychological criteria necessary to recognize robots as
independent, autonomous agents capable of self-awareness, which are the
grounds for legal responsibility. My research suggests that Japanese profession-

75. Putnam 1964, 691.
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als active in the field of robotics tend to accept the idea that robots can be
conscious; they are not particularly interested in debating robot ethics or the
“legal rights” of robots.

Although concerned about safety (anzen) and risk management in robotics,
Japanese roboticists as a group do not express fears about robots running
amuck and killing humans as they did in R.U.R.. The specter of “killer robots” is
not (yet) casting a shadow on the robotics industry. Rather, “safety” is closely re-
lated to the “ontological security” (anshin) that many in Japan feel that robot
caregivers, as opposed to foreign nurses, can insure and cultivate. Japanese
roboticists and their colleagues in related fields, in short, are far more invested
in developing guidelines for orchestrating the smooth and productive coexis-
tence of humans and robots in familial environments. “Total safety is impossible
to guarantee in anything that is beneficial and useful,” remind the coauthors of
Living with Robots, who suggest that robot design, from hardware (e.g.,
soft-bodied robots) to software (e.g., “safety intelligence”) is the first step in risk
manalgement.76

One recent Japanese innovation in safety intelligence that underscores the
principles of “co-emergence” and “autonomy within interdependence” that are
favored in Japan is the development of a “care-receiving” robot. This project fo-
cuses on the use of robots in schools, but instead of the usual role of the robot as
a caregiver or teacher, the young students instead teach the robot. In this way; it
is hypothesized, a new educational framework can be constructed that enables
“children’s spontaneous learning by teaching.” Moreover, in the process of re-
ceiving care, the (artificially) intelligent robot also “learns” from these lessons
and its ability to interact safely with humans is enhanced as a result.”

Efforts to categorize robots as constitutionally separate from humans are
shared by neither the Japanese public (at least those persons polled on the sub-
ject) nor Japanese roboticists, who proceed from the position that organic and
manufactured entities form a continuous network of beings. Robots, as I have
explained, are imagined to have a perfectly viable status and membership role
in the existing affective and corporate framework of the ie. The black irony re-
mains that while Japanese “familial civility” epitomized by the ie and corporate
sector, and codified by policy-makers, embraces robots, the same is not freely
extended to minorities, non-Japanese permanent residents, refugees, migrant
workers, or foreigners. Whereas in Japan, the biggest obstacle to human rights
is the historically enduring definition of “Japanese” as determined by jus
sanguinis and the koseki (and jaminhy0) system, in the Euro-American world at
least, it appears that the biggest obstacle to robot rights is the irreconcilable divi-
sions between the supporters and opponents of human exceptionalism. And
whereas in Japan human rights is narrowly defined in practice to exclude indi-
viduals and groups framed as “other,” in Euro-American circles, human rights is
cast in universal terms (although in local practices, many “others” are denied

76. Robo LDK Jikko linkai 2007, 69-76.
77. Tanaka and Matsuzoe 2012.
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those rights). As I see it, the latter by extension privileges, at least rhetorically,
the human being sui generis (Homo sapiens sapiens), while the former, openly
privileges ethno-nationalism—Japaneseness—over the mere fact of being hu-
man. As Americans and Europeans become more familiar with robotics, and to
the prospect of family robots—and the increasing number of articles in the
Anglophone mass media suggests that this is the rapidly developing case—I an-
ticipate that ideas prevalent today in Japan regarding human-robot interaction
and coexistence will soon become approved and accepted in the United States
and Europe. The pressing question is, can there be universal human rights
without the idea, or ideal, of human exceptionalism?
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Thanks to Gunhild Borggreen, Snait Gissis, Ofra Goldstein-Gidoni, Cathrine Hasse,
Dafna Hirsch, Eva Jablonka, Galia Plotkin, Yossi Schwartz, Silvan (Sam) Schweber, Jytte
Thorndahl, and Yofi Tirosh. I owe special thanks to Celeste Brusati, Tom Fenton, Sabine
Frihstick, and Alexandra Minna Stern for their astute reading and editorial suggestions.
Alonger version will appear as a chapter in my book Robo sapiens japanicus: Robots, Eu-
genics, and Posthuman Aesthetics, under contract with the University of California
Press. Research for this article was supported by the Simon P. Silverman Visiting Profes-
sorship, The Cohn Institute for the History and Philosophy of Science and Ideas, Tel Aviv
University (2013); a John Simon Guggenheim Memorial Foundation Fellowship (2011-
2012); an Abé Fellowship (Social Science Research Council, 2010-2012); and a Faculty
Research Grant, Center for Japanese Studies, University of Michigan (2012).
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ASIMOV’S THREE LAWS OF
ROBOTICS

EUROPEAN UNION’S
CONVENTION ON ROBOETHICS
2025

JAPAN’S “TEN PRINCIPLES OF
ROBOT LAW”

MILITARY ROBOT LAWS: A
CONTINUUM OF FORCE?

SOUTH KOREAN ROBOT
ETHICS CHARTER 2012

TERASEM’S “MACRO-
BUSHIDO” PRINCIPLES

South Korean Robot Ethics Charter 2012

THIS CHARTER WAS DRAFTED IN ORDER TO PREVENT SOCIAL ILLS THAT MAY ARISE OUT

of inadequate social and legal measures to deal with robots in society.

Part 1: Manufacturing Standards

a) Robot manufacturers must ensure that the autonomy of the robots they design is
limited; in the event that it becomes necessary, it must always be possible for a
human being to assume control over a robot.

b) Robot manufacturers must maintain strict standards of quality control, taking all
reasonable steps are taken to ensure that the risk of death or injury to the user is
minimized, and the safety of the community guaranteed.

©) Robot manufacturers must take steps to ensure that the risk of psychological
harm to users is minimized. ‘Psychological harm’ in this sense includes any
likelihood for the robot to induce antisocial or sociopathic behaviors, depression or

anxiety, stress, and particularly addictions (such as gambling addiction).

¢) Robot manufacturers must ensure their product is clearly identifiable, and that

this identification is protected from alteration.

d) Robots must be designed so as to protect personal data, through means of

encryption and secure storage.

e) Robots must be designed so that their actions (online as well as real-world) are

traceable at all times.

) Robot design must be ecologically sensitive and sustainable.

Part 2: Rights & Responsibilities of Users/Owners

Sec. 1: Rights and Expectations of Owners and Users
i) Owners have the right to be able to take control of their robot.

i)  Owners and users have the right to use of their robot without risk or fear of

physical or psychological harm.

iii) Users have the right to security of their personal details and other sensitive
information.

iv) Owners and users have the right to expect a robot to perform any task for
which it has been explicitly designed (subject to Section 2 of this Charter).

Sec. 2: Responsibilities of Owners and Users

This Charter recognizes the user’s right to utilize a robot in any way they see fit, so
long as this use remains ‘fair’ and ‘legal’ within the parameters of the law. As
such:

i) A user must not use a robot to commit an illegal act.

ii) A user must not use a robot in a way that may be construed as causing
physical or psychological harm to an individual.

iii) An owner must take ‘reasonable precaution’ to ensure that their robot does not
pose a threat to the safety and well-being of individuals or their property.

Sec. 3: The following acts are an offense under Korean Law:
i) To deliberately damage or destroy a robot.
ii)  Through gross negligence, to allow a robot to come to harm.

iii) Itis a lesser but nonetheless serious offence to treat a robot in a way which

may be construed as deliberately and inordinately abusive.

Part 3: Rights & Responsibilities for Robots
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Sec. 1: Responsibilities of Robots

i) A robot may not injure a human being or, through inaction, allow a

human being to come to harm.

ii) A robot must obey any orders given to it by human beings, except

where such orders would conflict with Part 3 Section 1 subsection “i” of this

Charter.

iii) A robot must not deceive a human being.

Sec 2: Rights of Robots

Under Korean Law, Robots are afforded the following fundamental rights:

i) The right to exist without fear of injury or death.

ii) The right to live an existence free from systematic abuse.

The document above is a mock-up of what the South Korean Robot Ethics Charter
(currently being drafted) may look like in the future, based on the limited
information about the charter available from media reports (Read the National
Geographic article here) . What do you think about the ideas in Part 2
and 3 of this Charter? Assuming robots will one day be conscious
beings, should users behavior toward the robots be limited? Should

robots have fundamental rights? Have your say below.
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Special Zone in Fukuoka: It is known as the world’s first public roads testing for bipedal humanoid
robots

Since 2004, the Japanese Ministry of Economy, Trade and Industry has published a series of Robot Policy

Guidelines which address business and safety issues for “Next Generation Robots”. They predicted a

“Human-Robot Coexistence Society” that will emerge by 2030. However, it is a step-by-step gradual process

for these robots entering into the everyday lives of people. We believe that intelligent robots will be the next
revolutionary technology after PCs and the Internet. Therefore, we established ROBOLAW.ASIA Initiative to
investigate the intersection between artificial intelligence & law. Our main objective is to minimize risks from
robots into an acceptable range.

An emerging problem might be whether we should consider addressing new regulation impact on service
robots. Under the current legal system, service robots are merely a property or “the second existence”; it is
not enough to protect safety and moral risks in regards to human-robot co-existence. In other words, the
new perspective of regulation shall be established under the premise of service robots as "the third
existence” legal entity; robots are still the object of law, and they shall have a special legal status different
from normal machines. However, the difficulty of implementing new regulations for service robots is
something similar to the case of regulating steam powered cars in the 19th century. It's a “‘Regulation of
Unknown”. On one hand, such machines could cause deadly consequences to human beings without
proper regulation. On the other hand, it is difficult for regulators to keep up with the progress of advanced
technology. Therefore, thereis a tendency for over-regulation, similar to the case of the steam powered cars
in the past.

To avoid repeating the Red Flag Laws in the era of intelligent robots, we can first consider “Deregulation”
while referring the “Tokku” RT special zone. A special area such as this one can help regulators and
manufacturers identify many unexpected risks during the final stage prior to the robots' practical application.
Originated from Japan, the history of RT special zone is merely 10 years long, but there are already many
special zones established in Fukuoka, Osaka, Gifu, Kanagawa and Tsukuba. As the development of robotics
and its acceptance to society expand, the importance of special zones as an interface for robots and society
will be more apparent.

Furthermore, we need to be aware of the importance of public law and regulation. While it does not refer to
the debate on issues of robot rights or robots to be recognized as the subject of law from the Constitution, it
does mention making public regulation for the design, manufacture, selling, and usage of advanced robotics.

A possibility could be developing the “Robot Safety Governance Act’, which is the extension of current

machine safety regulations. These technical norms located at the bottom of “Robot Law” will ensure the
safety of new human-robot co-existence.

Finally, robot ethics and legal regulation should not always be in parallel, because from the regulation
perspective, robot law is an intersection of robot ethics and robotics. We might don’t need Red Flag Laws
for Pepper robots, but it depends on what moral stands and actions we take toward the regulation of

unknown.
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