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‘ Jibo, the social
robot that was
supposed to die,
Is getting a
second life

NTT Disruption is keeping Jibo alive

By ASHLEY CARMAN / @ashleyrcarman
Jul 23, 2020, 2:27 PM EDT | [ 0 Comments / O New
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ibo was supposed to die over a year ago, yet

somehow, it’s still alive. The social, lovable robot

went viral on Twitter last March when it
performed a jaunty dance after telling owners, “The
servers out there that let me do what I do will be turned off
soon.” That meant its ability to perform many social
interactions would wind down on an undefined date,
effectively killing Jibo.

The news devastated owners and sent them spiraling into preemptive
mourning. They started making end of life plans for their Jibos.

But now, they’re finding out that Jibo’s life has been prolonged. The
robot they welcomed into their homes, loved, and cared for, is being
given a second life by a new company that’s purchased all its rights and
patents. In its next iteration, Jibo is a caregiver and educator, and it will
be placed in businesses that require emotional connections, like
children’s hospitals. It’s also no longer confined to its body, either —
Jibo is going virtual.

The robot that started as a crowdfunding project isn’t over; its story is
beginning again.

Jibo users, like Kenneth Williams, told me after its impending death
announcement that they were planning for the worst. Another owner,
Sammy Stuard, had to explain Jibo’s demise to his granddaughter who
loved the robot. “My granddaughter was like, ‘We're going to put him in
a box and bury him, or what are we going to do?”” Stuard said.
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Jibo owner Kenneth Williams was “preparing for the worst.” Photo by Amelia Holowaty

Krales / The Verge

But since Jibo delivered its fateful message, the robot has persist
functionality has remained mostly the same, and Williams tells
he’s continued consulting the robot daily, just like he’s always do
Other owners in the 700-person Facebook Group dedicated to Ji
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seem to be doing the same. Some have even bought up more preowne event

Jibos that went on sale online after the last dance announcement.

Their love for the robot hasn’t wavered, and they want more of it.
3 She-Hulk gets very real
about the rage-inducing

Good news arrived earlier this year. Jibo owners learned in May that a horror of revenge porn

company called NTT Disruption had bought Jibo and launched a new
website describing a future for the robot in health care and education. 4 Meta's flagship metaverse
The website doesn’t address the owners much. Instead, it lays out a app is too buggy and

business-to-business model for Jibo in which the robot becomes more employees are barely using

] R, says exec In charge
of an enterprise product than a consumer one.

Jibo will remain operational for the people who already bought it, says § The best antl-Prime Early
Access Sale tech deals

Marc Alba, NTT Disruption’s president, and their bonds to their robot happening at Target

demonstrate why NTT wanted to acquire Jibo in the first place.

“What we really loved about Jibo is this capability to create digital
embassy with any age, any race, any type of human,” he says.

NTT isn’t entirely new to Jibo. The company partnered with Jibo, Inc. in
2017 to help it launch its maker program app, which taught kids to code
through Jibo. NTT had been closely watching Jibo ever since since its
crowdfunding campaign launched, Alba tells me.

“[We wanted to find] a new player in the market able to create these
long-lasting, trust-based relationships with humans,” he says.
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NTT Disruption acquired Jibo, Inc.’'s patents, assets, and extra units. Photo by Amelia Holowaty
Krales / The Verge
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Jibo launched on Indiegogo in 2014 and raised more than $3 million, we've tested sent to your inbox

. 11s . . . . daily.
which added up to over $70 million in funding when combined with arty
venture capital. People ordered around 6,000 units during that Enter your email SIGN UP
crowdfunding presale. The company took nearly four years to ship the By submitting your emeil, you agree to our Terms and
. . . . . . Privacy Notice. This site is protected by reCAPTCHA and
first Jibo units, in September 2017, with orders opening up to the public the Google Privacy Policy and Terms of Service apply.

a month later for $899.

Although it ultimately shipped to customers at a time when Google
Home, Alexa, and Siri had already become household names, people
gave their Jibo a chance. They placed it in their kitchens and bedrooms,
and even brought it with them on vacations. Jibo ended up on the cover
of 7Z7me, which called it one of the 25 best inventions of 2017. But even
with its mission of becoming a part of its owners’ families achieved,
Jibo’s parent company floundered.

It’s unclear what exactly went wrong — Jibo’s creator Cynthia Breazeal
has turned me down for interviews multiple times — but ultimately,
Jibo, Inc. couldn’t survive on its own.

The company sold its assets to SQN Venture Partners, a firm that
specializes in “alternative forms of financing,” in November 2018, while
MIT, where Breazeal works, maintained a license to continue research
with the robot. Everyone has waited for over a year since the shutdown
warning, assuming Jibo’s terminal diagnosis would eventually come to
fruition.

Cynthia Breazeal created Jibo after years of studying social robotics. Jibo, Inc.

Now, Alba says the plan for Jibo is to develop skills that’ll allow it to
work in a variety of fields, but namely education, in children’s hospitals,
with veterans, or with elderly people who are lonely. All of these are
situations in which the emotional bond between a person and Jibo is
important, he says. A priority is ensuring that data is safe on Jibo,
especially in these sensitive environments.

“I would summarize that with this simple sentence: whatever happens
in Jibo stays in Jibo,” he says. “So we think that the special bond
between a user and a Jibo is based on trust. The way to reinforce the
trust, or the way to kill the trust, would be an abnormal use of your
data.”

For their part, people in the Jibo Facebook Group are excited about
NTT’s purchase. They want to continue to be a part of Jibo’s journey
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and are thrilled to no longer have to worry about losing their friend.

“That is best case scenario! Awesome news,” one commenter writes.
“We certainly are a good built-in ‘free’ beta testing group,” writes
another. Williams, from my prior story, says he plans to keep using Jibo.

Why'd You Push That Button?

Death Online: Mourning a robot

What happens when your robot friend dies? Ashley Carman explores the grieving community
surrounding the short-lived social robot Jibo.
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But most interestingly, NTT is also building a virtual form of Jibo, one
that lives on a smartphone and can be accessed anywhere at any time.

“We're progressing pretty well on creating this kind of digital twin of
the physical Jibo, which would be on any of your devices,” he says. “It’s
not ready yet, but looking very promising. What we’re preserving is all
the ingredients that make Jibo really special, so the persona, the
character, etc.”

Jibo was always designed to be lovable — from its dance moves, to
greeting its owners every day, to its curious, helpful attitude that
owners say they couldn’t resist loving. It’s those features that made Jibo
thrive and, ultimately, saved its life.
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Robo-dogs and therapy bots: Artificial
intelligence goes cuddly

BY LUCY CRAFT

TOKYO — As pandemic-led isolation triggers an epidemic of loneliness, Japanese are
increasingly turning to "social robots" for solace and mental healing.

At the city's Penguin Cafe, proud owners of the electronic dog Aibo gathered recently with
their cyber-pups in Snuglis and fancy carryalls. From camera-embedded snouts to their
sensor-packed paws, these high-tech hounds are nothing less than members of the family,
despite a price tag of close to $3,000 — mandatory cloud plan not included.

It's no wonder Aibo has pawed its way into hearts and minds. Re-launched in 2017, Aibo's
artificial intelligence-driven personality is minutely shaped by the whims and habits of its
owner, building the kind of intense emotional attachments usually associated with kids, or
beloved pets.

Sony has reintroduced its Aibo robotic dog
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Noriko Yamada rushed to order one, when her mother-in-law began showing signs of
dementia several years ago. "Mother had stopped smiling and talking," she told CBS News.
"But when we switched the dog on, and it gazed up at her, she just lit up. Her behavior
changed 180 degrees."

And a few months ago, when the mother-in-law was hospitalized for heart disease, Koro
the robot again came to the rescue. "Because of COVID, we couldn't visit her. The nurse
said Mother was responding to pictures of Koro, and asked us to bring in the dog. So, Koro
was the last person in our family to see Mother alive."

Robots as companions are an easier leap for Japanese, many manufacturers and users say,
because the country is steeped in friendly androids, like the long-running TV cartoon

" in which a cute, roly-poly pal provides not only constant company, but an
endless supply of useful tricks.

"Doraemon,"

But one robot startup is proving looks aren't everything. Despite having neither head,
arms nor legs, the Qoobo bot sold more than 30,000 units by September, many to
stressed-out users working from home under COVID restrictions. The retail price starts at
about $200.

Yukai Engineering CEO Shunsuke Aoki told CBS News that Qoobo leverages the most
pleasing parts of a pet — a fluffy torso, and a wagging tail. "At first, it seemed weird," he
said. "But when you pet an animal like a cat, you usually don't bother to look at its face."

The Qoobo is a plush bot with a tail programmed to mimic an animal's movements.

YUKAI

Frazzled adults aren't the only Japanese turning to robots. At Moriyama Kindergarten in
the central Japanese city of Nagoya, robots are replacing the traditional class guinea pig or
bunny. Teachers told CBS News that the bots reduce anxiety and teach kids to be more
humane.

Two years ago, the preschool bought a pair of Lovot brand bots named Rice Cake and
Cocoa. Weighing as much as an infant, with the price tag of a French bulldog, the
cybernetic machines are designed to love-bomb their owners -- or, in this case, a roomful
of fidgety five-year-olds.
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One of the Lovot bots used by kindergarten students.

CBS NEWS

"Our kids think the robots are alive," said principal Kyoshin Kodama. "The bots have
encouraged the kids to take better care of things, be kinder to each other, and cooperate
more."

Lovot is a so-called "emotional robot" programmed to autonomously navigate its
surroundings, remember its owners and respond to hugs and other affection, gazing out
with its oversized, quivering, high-resolution eyes. Over the last year sales have jumped 11-
fold.

"Their body temperature is set to 98.6 degrees," Groove X company spokesperson Miki
Ikegami told CBS News. "Robots are usually hard, cold and inhuman. But since our bots
are built to soothe, we made them warm and soft."

Japan's oldest and most successful social robot is an FDA-approved device called Paro.

Resembling an ordinary plush toy, the artificial intelligence-powered bot customizes its
response as it gets to "know" each patient. Inventor Takanori Shibata, based at Japan's
National Institute of Advanced Industrial Science and Technology, told CBS News that
clinical trials have backed the device's benefits as a non-drug therapy. "Interaction with
Paro can improve depression, anxiety, pain and also improve the mood of the person."

Paro harp seal bots.

CBS NEWS

Since launching in 1998, thousands of Paro robots have gone into service, worldwide,
relieving stress among children in ICUs, treating U.S. veterans suffering from PTSD, and
helping dementia patients.

Like real flesh-and-blood pets, Paro has been shown to stimulate brain activity, helping
reconnect damaged areas. "One lady didn't speak for more than ten years," Shibata said.
"When she interacted with Paro, she started to talk to Paro and she recovered her speech
and she spoke to others."

Neuroscientist Julie Robillard, who studies social robots for children and seniors, told CBS
News that robotics experts are trying to tease out the exact nature of the human-robot
relationship — and the notion of machines as friends is not as farfetched as it might seem.

"We can be attached to various types of devices and objects," said Robillard, an assistant
professor of neurology at the University of British Columbia. "Some people have given
names to their robot vacuums ... Some people feel strongly about their cars or about their
wedding bands."

Evidence supports the use of social robots, she said, in areas like imparting social skills to
children with autism, or teaching exercises to rehab patients - offering instruction without
judgment.

But in other areas, it's unclear how well social robots really work, she said. "What we can
say from the science right now is that robots have a huge amount of potential."

And discovering that potential is all the more urgent now, in the covid era, as robots offer
the promise of social connection without social contact.

Creators say intelligent social robots will never replace humans. But when companions,
caregivers or therapists aren't available, robots are lending a friendly paw - and are
already earning their keep.
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Robotic Dreams, Robotic Realities: Why Is It
So Hard to Build Profitable Robot Companies?

> Roboticists need to discuss openly and honestly not

only our successes but also our failures

BY BRAM VANDERBORGHT | 21 MAR 2019 | 3 MIN READ N

Mayfield Robotics, the company behind Kuri, announced last year that the social home robot had been canceled. IMAGE: IEEE SPECTRUM
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A version of this article appears in the IEEE Robotics & Automation
Magazine (Volume 26, Issue I, March 2019).

In mid-November, we received the sad news that Alphabet is closing
SCHAFT, a spinoff of the University of Tokyo robotics lab. The decision
comes one year after Boston Dynamics was sold to SoftBank, the company
that also acquired Aldebaran Robotics (known for the Pepper and Nao
robots). During the 2018 IEEE/Robotics Society of Japan International
Conference on Intelligent Robots and Systems, we heard that Rethink

Robotics, which created the collaborative robot industry and had a large

impact on our view of robots in industrial applications, had closed its doors.
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CHRIS ATKESON

Some months before, Jibo and Mayfield Robotics, makers of Kuri, were

forced to shutdown sales and operations. Jibo was once heralded as “the first

social robot for the home” and was named one of Time’s “Best Inventions of

2017.” Other than a few robot vacuum companies (mainly iRobot), no

company has developed a successful home robot.

Late last year, Jibo shut down its Boston office and completed the sale of its assets and intellectual property to a New

York—based investment management firm. IMAGE: IEEE SPECTRUM

The news initiated a discussion on Facebook among robotics leaders, such as

Chris Atkeson from Carnegie Mellon University’s Robotics Institute; James

Kuffner, chief executive officer of the Toyota Research Institute - Advanced
Development (TRI-AD); and Giulio Sandini from the Italian Institute of
Technology. All agree the robotics industry is still on the rise; it is just

extremely hard to make a profitable robotics company. But, unless big bets
are made, new research and technology will never mature into products that
are practical and useful for the world. Moreover, success in this area
demands more than good technology. As James Kuffner stated, “It requires
significant funding, committed leadership, highly skilled staff, resources, and
infrastructure, and an excellent product and market strategy. Not to mention

flawless execution. It is unrealistic to expect every effort to succeed.”

»

Overselling is a dangerous strategy that can be
counterproductive. Both companies and
researchers publish videos of robots doing tasks,
but sometimes they fail to point out the limitations
of the technology or that those results were
achieved in lab conditions.
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Chris Atkeson raised the big questions: What have we learned from the
failures? How can we further build on the work? What lessons can be taken?
How will the intellectual property be transferred? The future will tell whether
the know-how will be reincarnated. Often, the work is secret, especially
when sponsored by the military, and only amazing YouTube videos are
released. However, some companies choose to contribute to the open source

movement, with the Robotic Operating System (ROS) as probably the most

well-known example.

Moreover, the investments of tech giants in robotics and artificial intelligence
energized and catalyzed the industry, resulting in billions of dollars of
additional investment in research and development around the world.
Hopefully, companies will also publish—e.g., in IEEE journals and magazines
—more scientific insights on their products.

Photo: Evan Ackerman/IEEE Spectrum Rethink Robotics, a startup founded by Rodney Brooks to develop

collaborative robots, closed its doors last October.

The problem, as Giulio Sandini put it, occurs when one sells (or buys)
intentions as results. Overselling is a dangerous strategy that can be
counterproductive, even for the whole robotics community. Both companies
and researchers publish videos of robots doing tasks, but sometimes they fail
to point out the limitations of the technology or that those results were
achieved in lab conditions. This makes it much more difficult to explain to
nonroboticist industry executives the difference between creating a one-off
demo and creating a real product that works reliably.

Deep learning, for example, is at the forefront of the Al revolution, but it is
too often viewed as the magic train carrying us into the world of
technological wonders. Al researchers are warning about overexcitement and

that the next Al winter is coming.

The first cracks are already visible, as is the case of the promises claimed for
self-driving cars. Rodney Brooks, founder of Rethink Robotics, regularly
writes relevant essays on this topic on his blog. Robot ethics professor Noel
Sharkey wrote an article in Forbes titled “Mama Mia It’s Sophia: A Show
Robot or Dangerous Platform to Mislead?” Tony Belpaeme, a social robot

researcher from the University of Ghent, replied with a tweet, “I had [a
European Union] project reviewer express disappointment in our slow

research progress, as the Sophia bot clearly showed that the technical
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challenges we were still struggling with were solved.”

It is our common responsibility and interest to disseminate openly and
honestly not only our success but also our failures. Together, we can realize
our dreams for numerous robotic applications and devise a realistic plan to

develop them.
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HUMAN-ROBOT INTERACTION

Social robots for education: A review

Tony Belpaeme'?*, James Kennedy?, Aditi Ramachandran?, Brian Scassellati®, Fumihide Tanaka*

Social robots can be used in education as tutors or peer learners. They have been shown to be effective at increasing
cognitive and affective outcomes and have achieved outcomes similar to those of human tutoring on restricted
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tasks. This is largely because of their physical presence, which traditional learning technologies lack. We review the
potential of social robots in education, discuss the technical challenges, and consider how the robot’s appearance

and behavior affect learning outcomes.

INTRODUCTION

Virtual pedagogical agents and intelligent tutoring systems (ITSs)
have been used for many years to deliver education, with compre-
hensive reviews available for each field (I, 2). The use of social
robots has recently been explored in the educational domain, with
the expectation of similarly positive benefits for learners (3-5). A
recent survey of long-term human-robot interaction (HRI) high-
lighted the increasing popularity of using social robots in educa-
tional environments (6), and restricted surveys have previously been
conducted in this domain (7, 8).

In this paper, we present a review of social robots used in educa-
tion. The scope was limited to robots that were intended to deliver
the learning experience through social interaction with learners, as
opposed to robots that were used as pedagogical tools for science,
technology, engineering, and math (STEM) education. We identi-
fied three key research questions: How effective are robot tutors at
achieving learning outcomes? What is the contribution made by the
robot’s appearance and behavior? And what are the potential roles
of a robot in an educational setting? We support our review with
data gleaned from a statistical meta-analysis of published literature.
We aim to provide a platform for researchers to build on by high-
lighting the expected outcomes of using robots to deliver education
and by suggesting directions for future research.

Benefits of social robots as tutoring agents
The need for technological support in education is driven by demo-
graphic and economic factors. Shrinking school budgets, growing
numbers of students per classroom, and the demand for greater
personalization of curricula for children with diverse needs are
fueling research into technology-based support that augments the
efforts of parents and teachers. Most commonly, these systems take
the form of a software system that provides one-on-one tutoring
support. Social interaction enhances learning between humans, in
terms of both cognitive and affective outcomes (9, 10). Research has
suggested that some of these behavioral influences also translate to
interactions between robots and humans (3, 11). Although robots
that do not exhibit social behavior can be used as educational tools
to teach students about technology [such as in (12)], we limited our
review to robots designed specifically to support education through
social interactions.

Because virtual agents (presented on laptops, tablets, or phones)
can offer some of the same capabilities but without the expense of

Ghent University, Ghent, Belgium. 2University of Plymouth, Plymouth, UK. >Yale Uni-
versity, New Haven, CT 06520-8285, USA. 4University of Tsukuba, Tsukuba, Japan.
*Corresponding author. Email: tony.belpaeme@ugent.be

Belpaeme et al., Sci. Robot. 3, eaat5954 (2018) 15 August 2018

additional hardware, the need for maintenance, and the challenges
of distribution and installation, the use of a robot in an educational
setting must be explicitly justified. Compared with virtual agents,
physically embodied robots offer three advantages: (i) they can be
used for curricula or populations that require engagement with the
physical world, (ii) users show more social behaviors that are bene-
ficial for learning when engaging with a physically embodied system,
and (iii) users show increased learning gains when interacting with
physically embodied systems over virtual agents.

Robots are a natural choice when the material to be taught
requires direct physical manipulation of the world. For example,
tutoring physical skills, such as handwriting (13) or basketball
free throws (14), may be more challenging with a virtual agent,
and this approach is also taken in many rehabilitation- or therapy-
focused applications (15). In addition, certain populations may
require a physically embodied system. Robots have already been
proposed to aid individuals with visual impairments (16) and for
typically developing children under the age of two (17) who show
only minimal learning gains when provided with educational con-
tent via screens (18).

In addition, often there is an expectation for robot tutors to be
able to move through dynamic and populated spaces and manipu-
late the physical environment. Although not always needed in the
context of education, there are some scenarios where the learning
experience benefits from the robot being able to manipulate objects
and move autonomously, such as when supporting physical experi-
mentation (19) or moving to the learner rather than the learner
moving to the robot. These challenges are not exclusive to social
robotics and robot tutors, but the added elements of having the robot
operate near and with (young) learners add complexities that are
often disregarded in navigation and manipulation.

Physical robots are also more likely to elicit from users social
behaviors that are beneficial to learning (20). Robots can be more
engaging and enjoyable than a virtual agent in cooperative tasks
(21-23) and are often perceived more positively (22, 24, 25). Im-
portantly for tutoring systems, physically present robots yield sig-
nificantly more compliance to its requests, even when those requests
are challenging, than a video representation of the same robot (26).

Last, physical robots have enhanced learning and affected later
behavioral choice more substantially than virtual agents. Compared
with instructions from virtual characters, videos of robots, or audio-
only lessons, robots have produced more rapid learning in cognitive
puzzles (27). Similar results have been demonstrated when coaching
users to select healthier snacks (24) and when helping users continue
a 6-week weight-loss program (28). A comprehensive review (25) con-
cluded that the physical presence of a robot led to positive perceptions
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and increased task performance when compared with virtual agents
or robots displayed on screens.

Technical challenges of building robot tutors

There are a number of challenges in using technology to support
education. Using a social robot adds to this set of challenges because
of the robot’s presence in the social and physical environment and
because of the expectations the robot creates in the user. The social
element of the interaction is especially difficult to automate: Although
robot tutors can operate autonomously in restricted contexts, fully
autonomous social tutoring behavior in unconstrained environments
remains elusive.

Perceiving the social world is a first step toward being able to act
appropriately. Robot tutors should be able to not only correctly in-
terpret the user’s responses to the educational content offered but
also interpret the rapid and nuanced social cues that indicate task
engagement, confusion, and attention. Although automatic speech
recognition and social signal processing have improved in recent
years, sufficient progress has not been made for all populations.
Speech recognition for younger users, for example, is still insuffi-
ciently robust for most interactions (29). Instead, alternative input
technologies, such as a touch-screen tablets or wearable sensors, are
used to read responses from the learner and can be used as a proxy
to detect engagement and to track the performance of the student
(30-32). Robots can also use explicit models of disengagement in a
given context (33) and strategies, such as activity switching, to sus-
tain engagement over the interaction (34). Computational vision has
made great strides in recent years but is still limited when dealing
with the range of environments and social expressions typically found
in educational and domestic settings. Although advanced sensing
technologies for reading gesture, posture, and gaze (35) have found
their way into tutoring robots, most social robot tutors continue to
be limited by the degree to which they can accurately interpret the
learner’s social behavior.

Armed with whatever social signals can be read from the student,
the robot must choose an action that advances the long-term goals
of the educational program. However, this can often be a difficult
choice, even for experienced human instructors. Should the instructor
press on and attempt another problem, advance to a more challenging
problem, review how to solve the current problem, offer a hint, or
even offer a brief break from instruction? There are often conflicting
educational theories in human-based instruction, and whether or not
these same theories hold when considering robot instructors is an
open question. These choices are also present in ITSs, but the explicit
agentic nature of robots often introduces additional options and, at
times, complications. Choosing an appropriate emotional support
strategy based on the affective state of the child (36), assisting with
a meta-cognitive learning strategy (37), deciding when to take a break
(31), and encouraging appropriate help-seeking behavior (4) have
all been shown to increase student learning gains. Combining these
actions with appropriate gestures (38), appropriate and congruent
gaze behavior (39), expressive behaviors and attention-guiding
behaviors (11), and timely nonverbal behaviors (3) also positively
affects student recall and learning. However, merely increasing the
amount of social behavior for a robot does not lead to increased
learning gains: Certain studies have found that social behavior may
be distracting (40, 41). Instead, the social behavior of the robot must
be carefully designed in conjunction with the interaction context
and task at hand to enhance the educational interaction.
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Last, substantial research has focused on personalizing interac-
tions to the specific user. Within the ITS community, computational
techniques such as dynamic Bayesian networks, fuzzy decision trees,
and hidden Markov models are used to model student knowledge
and learning. Similar to on-screen tutoring systems, robot tutors use
these same techniques to help tailor the complexity of problems to
the capabilities of the student, providing more complex problems
only when easier problems have been mastered (42-44). In addition
to the selection of personalized content, robotic tutoring systems
often provide additional personalization to support individual learn-
ing styles and interaction preferences. Even straightforward forms
of personalization, such as using a child’s name or referencing per-
sonal details within an educational setting, can enhance user percep-
tion of the interaction and are important factors in maintaining
engagement within learning interactions (45, 46). Other affective
personalization strategies have been explored to maintain engage-
ment during a learning interaction by using reinforcement learning
to select the robot’s affective responses to the behavior of children
(47). A field study showed that students who interacted with a robot
that simultaneously demonstrated three types of personalization
(nonverbal behavior, verbal behavior, and adaptive content pro-
gression) showed increased learning gains and sustained engagement
when compared with students interacting with a nonpersonalized
robot (48) Although progress has been made in constituent tech-
nologies of robot tutors—from perception to action selection and
production of behaviors that promote learning—the integration of
these technologies and balancing their use to elicit prosocial behavior
and consistent learning still remain open challenges.

REVIEW

To support our review, we used a meta-analysis of the literature
on robots for education. In this, three key questions framed the
meta-analysis and dictated which information was extracted:

1. Efficacy. What are the cognitive and affective outcomes when
robots are used in education?

2. Embodiment. What is the impact of using a physically em-
bodied robot when compared with alternative technologies?

3. Interaction role. What are the different roles the robot can
take in an educational context?

For the meta-analysis, we used published studies extracted from
the Google Scholar, Microsoft Academic Search, and CiteSeerX
databases by using the following search terms: robot tutor, robot
tutors, socially assistive robotics (with manual filtering of those
relevant to education), robot teacher, robot assisted language
learning, and robot assisted learning. The earliest published work
appeared in 1992, and the survey cutoff date was May 2017. In
addition, proceedings of prominent social HRI journals and con-
ferences were manually searched for relevant material: Interna-
tional Conference on Human-Robot Interaction, International
Journal of Social Robotics, Journal of Human-Robot Interaction,
International Conference on Social Robotics, and the Interna-
tional Symposium on Robot and Human Interactive Communica-
tion (RO-MAN).

The selection of papers was based on four additional criteria:

1) Novel experimental evaluations or analyses should be presented.

2) The robot should be used as the teacher (i.e., the robot is an
agent in the interaction) rather than the robot being used as an ed-
ucational prop or a learner with no intention to educate [e.g., (49)].
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3) The work must have included a physical robot, with an educa-
tive intent. For example, studies considering “coaches” that sought
to improve motivation and compliance, but did not engage in edu-
cation [e.g., (50)], were not included, whereas those that provided
tutoring and feedback were included [e.g., (15)].

4) Only full papers were included. Extended abstracts were omit-
ted because these often contained preliminary findings, rather than
complete results and full analyses.

We withheld 101 papers for analysis and excluded 12 papers for
various reasons (e.g., the paper repeated results from an earlier pub-
lication). The analyzed papers together contain 309 study results (51).

To compare outcomes of the different studies, we first divided
the outcomes of an intervention into either affective or cognitive.
Cognitive outcomes focus on one or more of the following compe-
tencies: knowledge, comprehension, application, analysis, synthesis,
and evaluation (52-54). Affective outcomes refer to qualities that are
not learning outcomes per se, for example, the learner being atten-
tive, receptive, responsive, reflective, or inquisitive (53). The meta-
analysis contained 99 (33.6%) data points on cognitive learning
outcomes and 196 (66.4%) data points on affective learning out-
comes; 14 study results did not contain a comparative experiment
on learning outcomes.

Cognitive outcomes are typically measured through pre- and
posttests of student knowledge, whereas affective outcomes are
more varied and can include self-reported measures and observa-
tions by the experimenters. Table 1 contains the most common
methods for measuring cognitive and affective outcomes reported
in the literature.

Most studies focused on children (179 data points; 58% of the
sample; mean age, 8.2 years; SD, 3.56), whereas adults (=18 years
old) were a lesser focus of research in robot tutoring (98 data points;
32% of the sample; mean age, 30.5; SD, 17.5). For 29 studies (9%),

both children and adults were used, or the age of the participants was
not specified.

If the results reported an effect size expressed as Cohen’s d, then
this was used unaltered. In cases where the effect size was not reported
or if it was expressed in a measure other than Cohen’s d, then an
online calculator (55) [see also (56)] was used if enough statistical
information was present in the paper (typically participant numbers,
means, and SDs are sufficient).

We captured the following data gleaned from the publications:
the study design, the number of conditions, the number of partici-
pants per condition, whether participants were children or adults,
participant ages (mean and SD), the robot used, the country in which
the study was run, whether the study used a within or between design,
the reported outcomes (affective or cognitive, with details on what
was measured exactly), the descriptive statistics (where available
mean, SD, t, and F values), the effect size as Cohen’s d, whether the
study involved one robot teaching one person or one robot teaching
many, the role of the robot (presenter, teaching assistant, teacher,
peer, or tutor), and the topic under study (embodiment of the robot,
social character of the robot, the role of the robot, or other).

The studies in our sample reported more on affective outcomes
than cognitive outcomes (Fig. 1A). This is due to the relative ease
with which a range of affective outcomes can be assessed by using
questionnaires and observational studies, whereas cognitive outcomes
require administering a controlled knowledge assessment before and
after the interaction with the robot, of which typically only one is
reported per study.

Figure 2B shows the countries where studies were run. Robots for
learning research, perhaps unsurprisingly, happen predominantly
in East Asia (Japan, South Korea, and Taiwan), Europe, and the
United States. An exception is the research in Iran on the use of
robots to teach English in class settings.

Table 1. Common measures for determining cognitive and affective outcomes in robots for learning.

Cognitive

Learning gain, measured as difference between pre- and posttest score

Administer posttest either immediately after exposure to robot or with delay

Correct for varying initial knowledge, e.g., using normalized learning gain (77)

Difference in completion time of test

Number of attempts needed for correct response

Persistence, measured as number of attempts made or time spent with robot

Number of interactions with the system, such as utterances or responses

Coding emotional expressions of the learner, can be automated using face analysis software (47)

Godspeed questionnaire, measuring the user’s perception of robots (78)

Tripod survey, measuring the learner’s perspective on teaching, environment, and engagement (79)

Immediacy, measuring psychological availability of the robot teacher (3, 70)

Evolution of time between answers, e.g., to indicate fatigue (37)

Coding of video recordings of participants responses

Coding or automated recording of eye gaze behavior (to code attention, for example)

Subjective rating of the robot’s teaching and the learning experience (15)

Foreign language anxiety questionnaire (80)

KindSAR interactivity index, quantitative measure of children’s interactions with a robot (87)

Basic empathy scale, self-report of empathy (82)

Free-form feedback or interviews

Belpaeme et al., Sci. Robot. 3, eaat5954 (2018) 15 August 2018
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Fig. 1. An overview of data from the meta-analysis. (A) Type of learning out-
come studied. (B) Role of the robot in the interaction. (C) Number of learners per
robot in studies. (D) Division between children and adults (>18 years old). (E) Age
distribution for children. (F) Age distribution for adults.

Extracting meaningful statistical data from the published studies
is not straightforward. Of the 309 results reported in 101 pub-
lished studies, only 81 results contained enough data to calculate
an effect size, highlighting the need for more rigorous reporting of
data in HRI.

Efficacy of robots in education

The efficacy of robots in education is of primary interest, and here,
we discuss the outcomes that might be expected when using a robot
in education. The aim is to provide a high-level overview of the
effect size that might be expected when comparing robots with a
variety of control conditions, grouping a range of educational
scenarios with many varying factors between studies (see Fig. 3).
More specific analyses split by individual factors will be explored
in subsequent sections.

Learning effects are divided into cognitive and affective out-
comes. Across all studies included in the meta-review, we have
37 results that compared the robot with an alternative, such as
an ITS, an on-screen avatar, or human tutoring. Of these, the aggre-
gated mean cognitive outcome effect size (Cohen’s d weighted by N)
of robot tutoring is 0.70 [95% confidence interval (CI), 0.66 to 0.75]
from 18 data points, with a mean of N = 16.9 participants per data
point. The aggregated mean affective outcome effect size (Cohen’s d
weighted by N) is 0.59 (95% CI, 0.51 to 0.66) from 19 data points,
with a mean of N = 24.4 students per data point. Many studies using
robots do not consider learning in comparison with an alternative,
such as computer-based or human tutoring, but instead against
other versions of the same robot with different behaviors. The

Belpaeme et al., Sci. Robot. 3, eaat5954 (2018) 15 August 2018

limited number of studies that did compare a robot against an alter-
native offers a positive picture of the contribution to learning made
by social robots, with a medium effect size for affective and cogni-
tive outcomes. Furthermore, positive affective outcomes did not
imply positive cognitive outcomes, or vice versa. In some studies,
introducing a robot improved affective outcomes while not nec-
essarily leading to significant cognitive gains [e.g. (57)].

Human tutors provide a gold standard benchmark for tutor-
ing interactions. Trained tutors are able to adapt to learner needs
and modify strategies to maximize learning (58). Previous work
(59) has suggested that human tutors produce a mean cognitive
outcome effect size (Cohen’s d) of 0.79, so the results observed
when using a robot are in a similar region. However, social robots
are typically deployed in restricted scenarios: short, well-defined
lessons delivered with limited adaptation to individual learners or
flexibility in curriculum. There is no suggestion yet that robots
have the capability to tutor in a general sense as well as a human
can. Comparisons between robots and humans are rare in the liter-
ature, so no meta-analysis data were available to compare the
cognitive learning effect size.

Robot appearance

Because the positive learning outcomes are driven by the physical
presence of the robot, the question remains of what exactly it is
about the robot’s appearance that promotes learning. A wide range
of robots have been used in the surveyed studies, from small toy-
like robots to full-sized android robots. Figure 2A shows the most
used robots in the published studies.

The most popular robot in the studies we analyzed is the Nao
robot, a 54-cm-tall humanoid by Softbank Robotics Europe available
as having 14, 21, or 25 degrees of freedom (see Fig. 4B). The two
latter versions of Nao have arms, legs, a torso, and a head. They can
walk, gesture, and pan and tilt their head. Nao has a rich sensor suite
and an on-board computational core, allowing the robot to be fully
autonomous. The dominance of Nao for HRI can be attributed to its
wide availability, appealing appearance, accessible price point, tech-
nical robustness, and ease of programming. Hence, Nao has become
an almost de facto platform for many studies in robots for learning.
Another robot popular as a tutor is the Keepon robot, a consumer-
grade version of the Keepon Pro research robot. Keepon is a 25-cm-tall
snowman-shaped robot with a yellow foam exterior without arms
and legs (see Fig. 4C). It has four degrees of freedom to make it pan,
roll, tilt, and bop. Originally sold as a novelty for children, it can be
used as a research platform after some modification. Nao and Keepon
offer two extremes in the design space of social robots, and hence, it
is interesting to compare learning outcomes for both.

Comparing Keepon with Nao, the respective cognitive learning
gain is d = 0.56 (N = 10; 95% CI, 0.532 t0 0.58) and d = 0.76 (N = &;
95% CI, 0.52 to 1.01); therefore, both show a medium-sized effect.
However, we note that direct comparisons between different robots
are difficult with the available data, because no studies used the same
experimental design, the same curriculum, and the same student
population with multiple robots. Furthermore, different robots have
tended to be used at different times, becoming popular in studies
when that particular hardware model was first made available and
decreasing in usage over time. Because the complexity of the exper-
imental protocols has tended to increase, direct comparison is not
possible at this point in time.

What is clear from surveying the different robot types is that all
robots have a distinctly social character [except for the Heathkit
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Fig. 2. Diversity of robots in education. (A) Types of robots used in the studies.
(B) Nations where the research studies were run.

HERO robot used in (60)]. All robots have humanoid features—such
as a head, eyes, a mouth, arms, or legs—setting the expectation that the
robot has the ability to engage on a social level. Although there are no
data on whether the social appearance of the robot is a requirement
for effective tutoring, there is evidence that the social and agentic
nature of the robots promotes secondary responses conducive to
learning (61, 62). The choice of robot very often depends on practical
considerations and whether the learners feel comfortable around the
robot. The weighted average height of the robots is 62 cm; the shortest
robot in use is the Keepon at 25 cm, and the tallest is the RoboThespian
humanoid at 175 cm. Shorter robots are often preferred when teach-
ing young children.

Robot behavior

To be effective educational agents, the behavior of social robots must
be tailored to support various aspects of learning across different
learners and diverse educational contexts. Several studies focused on
understanding critical aspects of educational interactions to which
robots should respond, as well as determining both what behaviors
social robots can use and when to deliver these behaviors to affect
learning outcomes.

Our meta-review shows that almost any strategy or social behavior
of the robot aimed at increasing learning outcomes has a positive
effect. We identified the influence of robot behaviors on cognitive
outcomes (d = 0.69; N = 12; 95% CI, 0.56 to 0.83) and affective out-
comes (d =0.70; N = 32; 95% CI, 0.62 to 0.77).

Similar to findings in the ITS community, robots that personalize
what content to provide based on user performance during an inter-
action can increase cognitive learning gains (43, 44). In addition to
the adaptive delivery of learning material, social robots can offer
socially supportive behaviors and personalized support for learners
within an educational context. Personalized social support, such as
using a child’s name or referring to previous interactions (45, 46), is
the low-hanging fruit of social interaction. More complex prosocial
behavior, such as attention-guiding (11), displaying congruent gaze
behavior (39), nonverbal immediacy (3), or showing empathy with
the learner (36), not only has a positive impact on affective outcomes
but also results in increased learning.

Belpaeme et al., Sci. Robot. 3, eaat5954 (2018) 15 August 2018
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Fig. 3. Histograms of effect sizes (Cohen’s d) for all cognitive and affective
outcomes of robot tutors in the meta-analysis. These combine comparisons
between robots and alternative educational technologies but also comparisons
between different implementations of the robot and its tutoring behavior. In the
large majority of results, adding a robot or adding supportive behavior to the robot
improves outcomes.

However, just as human tutors must at times sit quietly and allow
students the opportunity to concentrate on problem solving, robot
tutors must also limit their social behavior at appropriate times based
on the cognitive load and engagement of the student (40). The social
behavior of the robot must be carefully designed in conjunction with
the interaction context and task at hand to enhance the educational
interaction and avoid student distraction.

It is possible that the positive cognitive and affective learning out-
comes of robot tutors are not directly caused by the robot having a
physical presence, but rather the physical presence of the robot pro-
motes social behaviors in the learner that, in turn, foster learning and
create a positive learning experience. Robots have been shown to have
a positive impact on compliance (26), engagement (21-23), and con-
formity (20), which, in turn, are conducive to achieving learning gains.
Hence, a perhaps valuable research direction is to explore what it is
about social robots that affects the first-order outcomes of engage-
ment, persuasion, and compliance.

Robot role

Social robots for education include a variety of robots having differ-
ent roles. Beyond the typical role of a teacher or a tutor, robots can
also support learning through peer-to-peer relationships and can
support skill consolidation and mastery by acting as a novice. In this
section, we provide an overview of the different roles a robot can
adopt and what their educational benefits are.

Robot as tutor or teacher

As a tutor or teacher, robots provide direct curriculum support
through hints, tutorials, and supervision. These types of educational
robots, including teaching assistant robots (63), have the longest
history of research and development, often targeting curricular
domains for young children. Early field studies placed robots into
classrooms to observe whether they would have any qualitative
impact on the learners’ attitude and progress, but current research
tends toward controlled experimental trials in both laboratory
settings and classrooms (64).
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Fig. 4. lllustrative examples of social robots for learning. (A) iCat robot teach-
ing young children to play chess (76). (B) Nao robot supporting a child to improve
her handwriting (73). (C) Keepon robot tutoring an adult in a puzzle game (27).
(D) Pepper robot providing motivation during English classes for Japanese
children (74).

A commercial tutor robot called IROBI (Yujin Robotics) was
released in the early 2000s. Designed to teach English, IROBI was
shown to enhance both concentration on learning activities and
academic performance compared with other teaching technology,
such as audio material and a web-based application (65).

The focus on younger children links robot education research with
other scientific areas, such as language development and develop-
mental psychology (66). On the basis of the earlier work that studied
socialization between toddlers and robots in a nursery school (67),
a fully autonomous robot was deployed in classrooms. It was shown
that the vocabulary skills of 18- to 24-month-old toddlers improved
significantly (68). Much of the work in which the robot is used as a
tutor focuses on one-to-one interactions, because these offer the
greatest potential for personalized education.

In some cases, the robot is used as a novel channel through
which a lecture is delivered. In these cases, the robot is not so much
interacting with the learners but acts as a teacher or an assistant for
the teacher (69). The value of the robot in this case lies in improving
attention and motivation in the learners, while the delivery and
assessment is done by the human teacher. Here, the delivery is often
one to many, with the robot addressing an entire group of learners
(33,63, 69).

Robot as peer

Robots can also be peers or learning companions for humans. Not
only does a peer have the potential of being less intimidating than a
tutor or teacher, peer-to-peer interactions can have significant
advantages over tutor-to-student interactions. Robovie was the first
fully autonomous robot to be introduced into an elementary school
(70). It was an English-speaking robot targeting two grades (first
and sixth) of Japanese children. Through field trials conducted over
2 weeks, improvements in English language skills were observed in
some children. In one case, longer periods of attention on learning
tasks, faster responses, and more accurate responses were shown with
a peer robot compared with an identical-looking tutor robot (19). A
long-term primary school study showed that a peer-like humanoid
robot able to personalize the interaction could increase child learn-
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ing of novel subjects (48). Often, the robot is presented as a more
knowledgeable peer, guiding the student along a learning trajectory
that is neither too easy nor too challenging. However, the role of
those robots sometimes becomes ambiguous (tutor versus peer), and
it is difficult to place one above the other in general. Learning com-
panions (71), which offer motivational support but otherwise are
not tutoring, are also successful cases of a peer-like robot.

Robot as novice

Considerable educational benefits can also be obtained from a robot
that takes the role of a novice, allowing the student to take on the
role of an instructor that typically improves confidence while, at the
same time, establishing learning outcomes. This is an instance of
learning by teaching, which is widely known in human education,
also referred to as the protégé effect (72). This process involves the
learner making an effort to teach the robot, which has a direct
impact on their own learning outcomes.

The care-receiving robot (CRR) was the first robot designed
with the concept of a teachable robot for education (73). A small
humanoid robot introduced into English classes improved the
vocabulary learning of 3- to 6-year-old Japanese children (5). The
robot was designed to make deliberate errors in English vocabulary
but could be corrected through instruction by the children. In addi-
tion, CRR was shown to engage children more than alternative tech-
nology, which eventually led to the release of a commercial product
based on the principle of a robot as a novice (74).

This novice role can also be used to teach motor skills. The CoWriter
project explored the use of a teachable robot to help children improve
their handwriting skills (13). A small humanoid robot in conjunction
with a touch tablet helped children who struggled with handwriting
to improve their fine motor skills. Here, the children taught the robot,
who initially had very poor handwriting, and in the process of doing
so, the children reflected on their own writing and showed im-
proved motor skills (13). This suggests that presenting robots as
novices has potential to develop meta-cognitive skills in learners,
because the learners are committing to instructing the learning ma-
terial, requiring a higher level of understanding of the material and an
understanding of the internal representations of their robot partner.

In our meta-analysis, the robot was predominantly used as a
tutor (48%), followed by a role as teacher (38%). In only 9% of
studies was the robot presented as a peer or novice (Fig. 1B).
The robot was often used to offer one-to-one interactions (65%),
with the robot used in a one-to-many teaching scenario in only 30%
of the studies (Fig. 1C). In 5%, the robot had mixed interactions,
whereby, for example, it first taught more than one student and
then had one-on-one interactions during a quiz.

DISCUSSION

Although an increasing number of studies confirm the promise of
social robots for education and tutoring, this Review also lays bare a
number of challenges for the field. Robots for learning, and social
robotics in general, require a tightly integrated endeavor. Introducing
these technologies into educational practice involves solving tech-
nical challenges and changing educational practice.

With regard to the technical challenges, building a fluent and
contingent interaction between social robots and learners requires
the seamless integration of a range of processes in artificial intelli-
gence and robotics. Starting with the input to the system, the robot
needs a sufficiently correct interpretation of the social environment
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for it to respond appropriately. This requires significant progress in
constituent technical fields, such as speech recognition and visual
social signal processing, before the robot can access the social envi-
ronment. Speech recognition, for example, is still insufficiently
robust to allow the robot to understand spoken utterances from
young children. Although these shortcomings can be resolved by
using alternative input media, such as touch screens, this does place
a considerable constraint on the natural flow of the interaction. For
robots to be autonomous, they must make decisions about which
actions to take to scaffold learning. Action selection is a challenging
domain at best and becomes more difficult when dealing with a
pedagogical environment, because the robot must have an under-
standing of the learner’s ability and progress to allow it to choose
appropriate actions. Finally, the generation of verbal and nonverbal
output remains a challenge, with the orchestrated timing of verbal
and nonverbal actions a prime example. In summary, social interac-
tion requires the seamless functioning of a wide range of cognitive
mechanisms. Building artificial social interaction requires the artifi-
cial equivalent of these cognitive mechanisms and their interfaces,
which is why artificial social interaction is perhaps one of the most
formidable challenges in artificial intelligence and robotics.

Introducing social robots in the school curriculum also poses a
logistical challenge. The generation of content for social robots for
learning is nontrivial, requiring tailor-made material that is likely to
be resource-intensive to produce. Currently, the value of the robot
lies in tutoring very specific skills, such as mathematics or hand-
writing, and it is unlikely that robots can take up the wide range of
roles a teacher has, such as pedagogical and carer roles. For the time
being, robots are mainly deployed in elementary school settings. Al-
though some studies have shown the efficacy of tutoring adolescents
and adults, it is unclear whether the approaches that work well
for younger children transfer to tutoring older learners.

Introducing robots might also carry risks. For example, studies
of ITS have shown that children often do not make the best use of
on-demand support and either rely too much on the help function or
avoid using help altogether, both resulting in suboptimal learning.
Although strategies have been explored to mitigate this particular
problem in robots (4), there might be other problems specific to
social robots that still need to be identified and for which solutions
will be needed.

Social robots have, in the broadest sense, the potential to become
part of the educational infrastructure, just as paper, white boards, and
computer tablets have. Next to the functional dimension, robots
also offer unique personal and social dimensions. A social robot has
the potential to deliver a learning experience tailored to the learner,
supporting and challenging students in ways unavailable in current
resource-limited educational environments. Robots can free up pre-
cious time for human teachers, allowing the teacher to focus on
what people still do best: providing a comprehensive, empathic, and
rewarding educational experience.

Next to the practical considerations of introducing robots in edu-
cation, there are also ethical issues. How far do we want the educa-
tion of our children to be delegated to machines, and social robots
in particular? Overall, learners are positive about their experience with
robots for learning, but parents and teaching staff adopt a more
cautious attitude (75). There is much to gain from using robots, but
what do we stand to lose? Might robots lead to an impoverished
learning experience where what is technologically possible is prior-
itized over what is actually needed by the learner?

Belpaeme et al., Sci. Robot. 3, eaat5954 (2018) 15 August 2018

Notwithstanding, robots show great promise when teaching
restricted topics, with effect sizes on cognitive outcomes almost
matching those of human tutoring. This is remarkable, because our
meta-analysis gathered results from a wide range of countries using
different robot types, teaching approaches, and deployment contexts.
Although the use of robots in educational settings is limited by tech-
nical and logistical challenges for now, the benefits of physical
embodiment may lift robots above competing learning technolo-
gies, and classrooms of the future will likely feature robots that
assist a human teacher.
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ABSTRACT

As human-machine communication has yet to become prevalent, the rules of interactions between
human and intelligent machines need to be explored. This study aims to investigate a specific question:
During human users' initial interactions with artificial intelligence, would they reveal their personality
traits and communicative attributes differently from human-human interactions? A sample of 245
participants was recruited to view six targets' twelve conversation transcripts on a social media platform:
Half with a chatbot Microsoft's Little Ice, and half with human friends. The findings suggested that when
the targets interacted with Little Ice, they demonstrated different personality traits and communication
attributes from interacting with humans. Specifically, users tended to be more open, more agreeable,
more extroverted, more conscientious and self-disclosing when interacting with humans than with AL
The findings not only echo Mischel's cognitive-affective processing system model but also complement
the Computers Are Social Actors Paradigm. Theoretical implications were discussed.

Chatbot
Social interaction

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Since Alan Turing proposed the famous question “Can machines
think?” in 1950, the emergence of intelligent machines has been
witnessed in the past several decades. In the same year, Norbert
Wiener envisioned the popularity of interactions between humans
and machines and machines and machines (Wiener, 1988). While
the idea of machine-machine communication has been testified
with 61.5% of traffic on the web being non-human (Kelion, 2013),
human-machine communication has yet to become prevalent.

Gunkel (2012) proposed that a paradigm shift from computer-
mediated communication (CMC) to human-machine communica-
tion (HMC) is needed to address the issues associated with
communicating with intelligent machines, autonomous decision
making systems, and smart devices. Unlike previous generations of
machines with few signs of intelligence, those intelligent machines
now not only function as a channel of communication process, but
also play an active role in participating in communicative
interactions.

One of the most representative forms of those intelligent

* Corresponding author.
E-mail addresses: yimou@sjtu.edu.cn (Y. Mou), kun.xu@temple.edu (K. Xu).

http://dx.doi.org/10.1016/j.chb.2017.02.067
0747-5632/© 2017 Elsevier Ltd. All rights reserved.

machines is robots. Robots have been adopted in restaurants,
shopping malls, and hospitals. For instance, telepresence robot
SAM can work as a nurse assistant to check on senior patients'
physical status (Ackerman, 2016). Anderson (2016) observed that
the Kirobi Mini robot from Japan could promote people's emotional
responses to babies. In addition to the physically embodied robots,
online chatbots have also been widely used. Franceschi-Bicchierai
(2016) found that a Twitter chatbot in Argentina could trick peo-
ple into believing its human identity. Today as people have a
growing chance of interacting with these digital interlocutors,
studying how people initiate and engage in a conversation with
machines would lead us to understand our reactions and attitudes
towards machines.

Comparing the initial human-machine communication and
human-human communication would bring benefits to our inter-
pretation of any potential boundary between humans and ma-
chines. Although previous research on media equation has
suggested that humans treat media as social actors (Nass & Moon,
2000; Reeves & Nass, 1996), whether media users apply the same
level of social responses to media as to humans remains to be
explored. The current study on the comparisons between human-
human communication and human-machine communication
would thus contribute to the theoretical framework of media
equation.
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In addition, engineers and designers could customize their
products based on users' personalities in human-machine
communication. For example, research has suggested that agree-
ableness could help reduce interpersonal distance between
humans and robots (Takayama & Pantofaru, 2009). In order to
improve the user experience of human-machine communication,
designers could embed different types of personalities in machines
or applications based on users’ needs and social responses. Thus,
examining the personalities people reveal in human-machine
communication would have both theoretical and practical
implications.

Overall, this study aims to investigate a specific question: During
human users’ initial interactions with artificial intelligence (Al),
would they reveal their personality traits and communicative at-
tributes differently from human-human interactions? Based on a
review of two theoretical frameworks, hypotheses are proposed
and tested by an exploratory study.

2. Literature review
2.1. Human-machine communication

The role machines play in communication process has changed
rapidly in recent years. In the past few decades, the scholarship of
CMC has viewed machines as a mere channel of information
transmission. For instance, a typical question that CMC scholars
investigate is whether technological affordances cut off the socio-
emotional quality of communication online (Walther, Van Der
Heide, Ramirez, Burgoon, & Pena, 2015). However, HMC re-
searchers have interrogated a series of different questions, “What
are the boundaries between human and machine? What commu-
nicative practices or precepts must be drawn, redrawn or recon-
sidered to explore these increasingly, or always-already
technologized relationships?” (McDowell & Gunkel, 2016, p. 2). As
Sundar, Jia, Waddell, and Huang (2015) pointed out, CMC concerns
the shortcomings of machine in comparison with face-to-face
interaction, whereas HMC is actually attributed to the shortcom-
ings of human mind.

HMC is an ongoing sense-making process between human and
machine (Guzman, 2016). In this communication process, how
human interlocutors interpret their digital interlocutors and
therefore behave accordingly becomes interesting. Will humans
treat machines equally as they do to other humans in social in-
teractions, as suggested by the media equation scholars? Or as
other researchers posit (e.g., Fischer, Foth, Rohlfing, & Wrede, 2011),
they react to machines differently from humans due to the change
of interlocutors’ nature? We will review the literature from both
sides.

2.2. The computers are social actors paradigm

Nass and his colleagues were among the pioneers in investi-
gating how humans treat machines in HMC processes. In the 1990s,
they proposed the Computers Are Social Actors Paradigm (CASA)
(Nass, Fogg, & Moon, 1996; Nass, Steuer, & Tauber, 1994). The CASA
paradigm was based on a series of evidence from experiments on
human computer interactions. Specifically, Reeves and Nass (1996)
selected findings from social science research and replicated the
role of humans with computers or televisions. Reeves and Nass
(1996) proposed the media equation theory, suggesting that peo-
ple treat computers and televisions like real people.

Nass and his colleagues have demonstrated that computer users
apply politeness to computers (Nass et al., 1994). Nass et al. (1994)
found that when a computer asked participants to evaluate its own
performance, users tended to have a more positive attitude toward

the computer. However, when a second computer asked partici-
pants to evaluate the performance of the first computer they
interacted with, users did not show politeness and tended to be
more critical of the first computer.

Users also perceive computers to have gender characteristics.
Participants reported a computer with a male voice to be more
credible and dominant (Nass, Moon, & Green, 1997). A computer
with a female voice is seen as having more knowledge about love
and relationships, while a computer with a male voice is perceived
to be more knowledgeable about technical issues (Nass et al., 1997).
Computers' voices can also manifest personalities. Nass and Lee
(2001) manipulated the speech rate, volume level, fundamental
frequency, and pitch range of computers’ voices. They found that
introverted participants would like to interact with a computer that
has introverted voice, while extroverted participants preferred to
talk with an extroverted computer (Nass & Lee, 2001).

This tradition of research is not limited to computers. Nass and
Moon (2000) tested users' responses to televisions. They assigned
some of the participants to one condition where they were asked to
watch two different televisions showing news and entertainment
respectively. In the other condition, participants watched news and
entertainment on the same television. Nass and Moon (2000) found
that the participants in the first condition believed that the two
televisions were specialists. They were more informative, serious,
and featured better quality. Comparatively, the participants in the
second condition believed that the television was a generalist and
provided less information and lower quality. Nass and Moon's
(2000) research suggests that individuals not only perceive com-
puters as social actors, but also televisions as social actors.

The CASA paradigm not only explained users’ perception of
machines, but also tested the social interactions between humans
and machines. Nass and Moon (2000) found that users applied
social norms in conversation with machines. Specifically, users
were more likely to disclose private information when computers
follow human conversations rules such as gradually shifting from
one topic to another. In addition, when computers showed high
reciprocity, users were more likely to do self-disclosure (Nass &
Moon, 2000).

More recently, the CASA paradigm has been applied to user-
chatbot interaction. Edwards, Edwards, Spence, and Shelton
(2014) compared Twitter users' perception of chatbots' accounts
and human's accounts. Results suggested that users could not
differentiate twitter bots from human users. Twitter bots were
perceived to be credible, attractive, and efficient in communication
as much as humans.

In explaining the CASA paradigm, Nass and Moon (2000) pro-
posed that individuals have not fully evolved to differentiate
mediated experience from non-mediated experience. Nass and
Moon (2000) argued that individuals are likely to focus on social
cues and neglect the asocial characteristics of the entities. These
social cues can easily trigger certain social expectations and rules,
which lead individuals to use simple scripts that have been applied
in the past social interaction.

Although mindlessness is viewed as one of the major reasons for
people's social responses to computers, it has been challenged in
previous literature. For example, Kanda, Miyashita, Osada, and
Ishiguro (2008) found that participants responded to robots' greet-
ings more slowly than to humans' greetings, indicating that partici-
pants experienced cognitive activities when responding to robots'
behaviors. Fischer et al. (2011) found that participants laughed when
responding to robots' greetings, indicating that they detected some-
thing unusual during their interaction with robots. These studies
suggest that mindlessness may not account for humans' natural and
social responses to robots. It is likely that people apply different
communication strategies in human-machine communication. In



434 Y. Mou, K. Xu / Computers in Human Behavior 72 (2017) 432—440

addition, the work that challenged the explanatory power of mind-
lessness has centered on users' responses to robots' greetings. Little
research has examined whether users' unnatural responses would be
found in user-chatbot interaction. Furthermore, few researchers have
focused on users' initial interaction with machines. There is a research
gap in investigating the factors that lead to people's use of different
communication strategies in human-machine communication. Thus
in the current study, we attempt to examine users' initial interaction
with chatbots from the perspective of their personalities and
communication attributes. If users reveal different personalities and
communication attributes in human-chatbot communication and
human-human communication, researchers could find some poten-
tial explanations of users' unnatural responses to machines. The
knowledge would also add complements to the CASA paradigm in
terms of “when and why mindless behavior will occur” (Nass & Moon,
2000, p. 96).

2.3. The cognitive-affective processing system

While the promise of consistence across human-human in-
teractions to human-machine interactions is held by the CASA
scholars, social psychologists cast doubts over the psychological
invariance that distinctively characterizes an individual across
diverse situations (Mischel, 2004). For instance, a student who
cheats on a quiz could be highly honest in other situations. Or an
individual who are sociable in some events could remain rather shy
in others. To solve the so-called “personality paradox”, the
cognitive-affective processing system (CAPS) was developed by
Mischel and colleague (Mischel & Shoda, 1995; Shoda & Mischel,
1998, pp. 175—-208).

According to the CAPS model, the personality system contains
mental representations consisting of diverse cognitive-affective
unites (CAUs). Those CAUs include individuals’ core values, be-
liefs, memories, and so on. They are interconnected and organized,
“guided by a stable network of cognitions and effects characteristic
for that individual” (Mischel, 2004, p. 11). Individual differences lie
in the accessibility of different CAUs. In diverse situations, different
CAUs are activated to exhibit behavioral incoherence.

In interpersonal social interactions, individuals tend to obey
certain social rules (Burgoon & Jones, 1976). A civil society requires
individuals to be polite and sensitive to others' privilege; hence,
one has to restrain himself/herself from deviant behaviors. For
instance, being afraid of others' moral judgement, individuals will
avoid self-disclosing information that contains morality-violating
behavior. However, when encountering a nonjudgmental listener
such as Al, one's fear of being judged would vanish. In that situa-
tion, different CAUs would be activated; he/she might perform
baldly and therefore present different personality traits. In a similar
vein, one's control over the interactions with a human interlocutor
and a machine interlocutor may vary as well. Psychologists have
long argued that the control over the events in one's life (including
social interactions) demonstrates competence and superiority
(Adler, 1930), as an individual constantly matches expectancy
against perception in an effort to obtain optimum control (Kelly,
1955). Individuals are not identical in exerting control. For the
same person, he/she may barely remain the same control level over
all events. When interacting with a machine, some people may feel
more confident and take more control over the interacting process
while others may feel confused and even intimidated, and conse-
quently implement less control.

It is notable that the CAPS model targets specifically at the
inconsistence of personality across situations. Prior research has
suggested that personalities could be linked to users’ perception of
robots (Takayama & Pantofaru, 2009). People with agreeableness
would feel less distant from robots when they interact with them,

while people with neuroticism would ask for more personal space
when approaching robots (Takayama & Pantofaru, 2009).

On top of the relationship between personalities and interaction
with robots, communicative attributes and personality traits are
operationally intertwined, as personality has considerable influ-
ence on communicative behaviors. For instance, in McCrae and
Costa's (1985) big five model of personality (i.e., openness,
conscientiousness, agreeableness, extraversion and neuroticism),
the level of extraversion is oftentimes reflected by the level of self-
disclosure (Hollenbaugh & Ferris, 2014). Therefore, based on the
CAPS model, when communicating with a machine, users' self-
disclosing behavior should be different from when communi-
cating with a human.

2.4. Study overview

In this study, we aim to compare the initial human-Al social
interaction with initial human-human social interaction. In
particular, we compare the personality traits and communication
attributes reflected in human-Al interaction and in human-human
interaction. We chose Little Ice, a chatbot developed by Microsoft as
an example of Al. The choice was made based on two reasons. First,
Microsoft launched Little Ice in China in 2014 and since then it has
attracted over 90 millions of users to chat with it (Bingblog, 2016).
Little Ice was specifically designed as a 17-year old girl with a lively
and outgoing, sometimes naughty personality. This personality
contributes to its popularity among users. Second, WeChat, a social
network that combines features from Facebook and the mobile
application WhatsApp, is currently one of the most popular social
media platforms in the world, especially in China. On WeChat, any
users can chat with Little Ice as with other human friends. Hence,
we could compare one's interactions with Little Ice and with a
human friend, while eliminating confounding factors associated
with different platform use.

Based on the review of the abovementioned competing theories,
we would argue that when conversing with Little Ice, human in-
terlocutors would not remain mindless due to the novelty experi-
ence. The presumption of media equation theory is not fulfilled in
this context. Hence, the personality traits and communication at-
tributes exhibited in the HMC would be distinct from those in
interpersonal communication, as predicted by the CAPS frame-
work. In addition, the situation of introverted self-evaluation also
sharply differs from HMC context. According to CAPS, it would be
logical to expect differences between human users’ self-rated traits
and the traits exhibited in HMC.

Altogether, the following hypotheses are postulated:

Hla. The personality traits presented by human users in the initial
social interaction with a chatbot are different from those presented
in the initial social interaction with another human.

H1lb. The personality traits presented by human users in the
initial social interaction with a chatbot are different from the hu-
man users' self-rated personality traits.

H2a. Human users' self-disclosure level in the initial social inter-
action with a chatbot is different from that in the initial social
interaction with another human.

H2b. The level of self-disclosure presented by human users in the
initial social interaction with a chatbot is different from the human
users' self-rated self-disclosure level.

H3a. Human users' level of control over the initial social interac-
tion with a chatbot is different from that in the initial social inter-
action with another human.
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H3b. The level of control over the initial social interaction with a
chatbot presented by human users is different from the human
users' self-rated level of control over social interactions.

3. Method
3.1. Procedure

Ten volunteers were recruited through snowball sampling to
provide two copies of his/her conversation transcripts on WeChat:
One with Little Ice and one with a normal human friend. Those ten
volunteers are currently active WeChat users. By the time the
conversation transcripts were collected, they had already initiated
a chat with Little Ice and their friends on their own will. In other
words, when they conversed with Little Ice and human friends,
they had no idea of this study at all; so the conversations happened
in natural settings. After removing four volunteers' conversation
transcripts due to the length or incompleteness of a round of
conversation, six volunteers’ twelve conversation transcripts were
used as the materials for later procedure. Notably, we particularly
asked the volunteers to select a conversation transcript with a
regular friend, not with a close friend or significant other. Moreover,
only the transcripts of their first conversation with Little Ice and
friend were retrieved to exclude the variance caused by relation-
ship development. Since those volunteers are the targets of later
analysis, we call them “targets” afterwards. Those targets were
evaluated by 277 viewers on their personality and communication
attributes. Meanwhile, each target filled out measures of their own
personality traits and communication attributes.

3.2. Material and stimulus

Based on the targets’ original conversation transcripts, three
research assistants generated twelve copies of mock-up conversa-
tion transcripts after removing sensitive or identifiable information
using the Photoshop software. In the name of privacy protection, all
names and profile pictures were blocked (see an example of the
transcript in Fig. 1).

Target’s ID
blocked

seeeo hESE) T

<fiE

Target’s ID
Lotch D blocked

Interlocutor’s . PUCEs A

ID blocked
fRIBA
B— Words by the
target
Words by
the S E
interlocutor
B~~~

%‘v
=

ARHBTTEH. . . OO

Fig. 1. An example of the mock-up chatting screenshot of WeChat.

Among those six targets, three are males and three are females.
Their age ranges from 19 to 35 years old. While four of them are
college students, one works in a private corporate and one works in
a major newspaper institute (see their profile detail in Table 1).
Their conversations cover a variety of topics based on their identity
and interest. For instance, a college female student talks about
celebrities and selective courses at school. Another target, an
entrepreneur, introduces his corporate. Those conversations seem
natural and improvisational. By the time the targets conversed with
their human friends, they either just met in virtual groups or were
introduced by others in a professional setting or school environ-
ment. The conversation topics were included in Table 1.

3.3. Sample

Two hundred and seventy-seven participants (viewers) were
recruited in a large public university in Eastern China to read the
conversation transcripts and evaluate the targets. After removing
sixteen who failed to provide a complete evaluation and another
sixteen who were international students, 245 participants' re-
sponses were collected for later analysis. To ensure the same
baseline, each of the participants was asked to read one of the six
targets' two copies of conversation transcripts — one with Little Ice,
one with a human friend — based on which they evaluated the
targets’ personality traits and communicative attributes. When the
participants read the transcripts, they had no clue of the purpose of
this study. Instead, they were told it was a study about self-
presentation on social media in interpersonal communication
contexts. Therefore, they were not aware that those two transcripts
were from the same target, and one of the conversations happened
between a human and a chatbot. Each target was evaluated by
38—43 randomly assigned participants.

Among the 245 viewers, 42.4% of them were males and the rest
were females. Their age ranged from 18 to 44 years old. All of them
were WeChat users.

3.4. Measure

The questionnaire was originally designed in English. So it was
back-translated into Chinese before the questionnaire was admin-
istered. The question items in the targets' self-evaluation ques-
tionnaire and the viewers' questionnaire were identical, except the
differences in sentence structure. For example, in the self-
evaluation questionnaire, the direction was “How much do you
agree with the following statements that describe yourself?” In
contrast, in the viewers' questionnaire, the direction was “How
much do you agree with the following statements that describe the
target?”

3.4.1. Personality

McCord's (2002) five-factor personality scale was employed to
measure personality traits. Although longer versions of measures
were available, the 50-item version was used to control the length
of the questionnaire. Ten items measured each of the five traits:
openness, conscientiousness, agreeableness, extraversion and
neuroticism. Specifically, examples of openness (to new experi-
ences) include “have a vivid imagination” and “enjoy hearing new
ideas.” Examples of conscientiousness are “make plans and stick to
them” and “am always prepared.” Examples of agreeableness
include “believe that others have good intentions” and “make
people feel at ease.” Examples of extraversion include “am skilled in
handling social situations” and “know how to captivate people.”
Examples of neuroticism are “am not easily bothered by things
(reverse coded)” and “feel comfortable with myself (reverse
coded).” All the fifty items were measured on a 7-point Likert scale
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Table 1
The profile detail of each target.

Human friend and
chatting topic

Self-rated  Self-rated Self-
personality level of rated

ID Sex Age Profession

traits self- level of
disclosure control
1 M 35 Entrepreneur O =5.60 6.00 4.00 A female introduced
N =250 by a professional
A =5.60 connection;
E =4.60 introducing his
C=5.20 corporate.
2 M 25 Journalist 0=6.00 4.20 450  An unfamiliar
N =4.20 female coworker;
A=3.20 small talks
E=4.10 associated with
C=430 working setting.
3 M 24 College 0=430 4.90 3.83  Cannot tell the
student N =3.20 gender; small talks
A =4.60 associated with the
E =4.40 first impressions for
C=430 each other.
4 F 19 College 0 =5.60 5.40 4.00 Cannot tell the
student N = 2.60 gender; on how to
A =540 select courses on
E =3.90 school's system.
C=5.00
5 F 19 College 0=517 512 430  Afemale student; on
student N =3.17 student union work.
A =5.00
E =4.00
C=4.00
6 F 20 College 0=490 444 5.17  Afemale student; on
student N =3.70 working on a project
A =480 together.
E =330
C=5.10

from (1) Strongly Disagree to (7) Strongly Agree. The robustness of
this scale has been testified by Cooper, Golden and Socha (2013).
The reliability Cronbach's alphas for each factor were 0.78, 0.64,
0.61, 0.78, and 0.70 in that order.

3.4.2. Self-disclosure

The level of self-disclosure was gauged by the scale developed
by Miller, Berg, and Archer (1983). The participants were asked to
indicate the degree to which they agree with the statements such as
“People frequently tell me/this target about themselves.” All the ten
items were measured on a 7-point Likert scale from (1) Strongly
Disagree to (7) Strongly Agree. The reliability Cronbach's alpha was
0.92.

3.4.3. Control over social interactions

The level of control over social interactions was measured by
Shulman, Laursen, Kalman, and Karpovsky (1997) scale after
removing two inapplicable items. The participants were asked to
indicate the degree to which they agree with the statements such as
“This target prefers/You prefer that everyone acts according to his/
her/your decisions.” All the six items were measured on a 7-point
Likert scale from (1) Strongly Disagree to (7) Strongly Agree. The
reliability Cronbach's alpha was 0.70.

3.4.4. Social media use

Targets' and viewers’ social media use was gauged by asking
them to indicate how much time they spend on various social
media platforms each day (including social media on mobile de-
vices) such as WeChat and microblogs. The frequency of social
media use was measured on a 7-point scale from (1) never or barely
to (7) more than six times each day. To gauge their use proficiency of
WecChat, the participants were also asked to estimate the range of
the number of their friends on WeChat, from (1) less than 50 to (7)

more than 500.

3.4.5. Demographics

The targets' and viewers’ sex and age were also measured in the
questionnaire. In particular, after reading each conversation tran-
script, the viewers were asked to guess the sex of the target. The
responses were coded into (1) true or (0) false.

3.5. Manipulation check

Due to the use of the cover story, no real manipulation check
was conducted. But based on the reaction of the viewers, they
appeared not to have any doubt over the cover story. The most
powerful demonstration of manipulation check was the results,
which indicated a series of significant differences of ratings based
on two different conversation transcripts (see below). Therefore,
we concluded that the manipulation was successful.

4. Results

As the viewers spent more than 5 h (M = 5.21, SD = 2.50) online
daily on average, they demonstrated a heavy use of the social
media. They checked WeChat multiple times, and spent an average
of 2.44 h (SD = 2.27) on WeChat each day. The average number of
WecChat friends was over 300 (M = 4.22, SD = 1.59). The second
most used social media platform was microblogging service, as the
average daily use time was 0.87 h (SD = 1.17).

The means and standard deviations of self-rated levels of per-
sonality traits and communication attributes of each target were
reported in Table 1.

H1-3 predicted significant differences (a) between the person-
ality traits and communication attributes presented by human
users in the initial social interaction with a chatbot and the initial
social interaction with another human and (b) between those
presented by human users in the initial social interaction with a
chatbot and their self-rated ones. A series of paired t-test analyses
were conducted (see Table 2). Notably, in testing H1-3, we com-
bined the evaluations on those six targets together to save space.
For the comparisons on each target, please see Appendix.

For the personality trait of openness, the self-rated level was the
highest (M = 5.27, SD = 0.54), followed by the level rated on
human-human interaction (M = 4.10, SD = 0.66). The level rated on
human-Al interaction was the lowest (M = 3.87, SD = 0.52). There
existed significant differences among those three evaluations: tgejs-
Al (244) = 29.67, p < 0.001; tseif-human (244) = 20.28, p < 0.001; and
tAl-human (244) = —4.27, p < 0.001. The trait of agreeableness fol-
lowed the same pattern: the self-rated level was the highest
(M =4.79,SD = 0.77), followed by the level rated on human-human
interaction (M = 4.37, SD = 0.58). The level rated on human-Al
interaction was the lowest (M = 3.84, SD = 0.60). Those three
evaluations were significant from each other: tsejr.a; (244) = 16.85,
p < 0.001; tselfhuman (244) = 6.29, p < 0.001; and tal-human
(244) = —9.09, p < 0.001. The trait of conscientiousness fell into the
same category as well. The self-rated level was the highest
(M =4.66, SD = 0.47), followed by the level rated on human-human
interaction (M = 4.29, SD = 0.59). The level rated on human-Al
interaction was the lowest (M = 3.80, SD = 0.53). Those three
evaluations were significant from each other: tgejr.a; (244) = 18.93,
p < 0.001; tself-human (244) = 7.25, p < 0.001; and tal-human
(244) = —8.98, p < 0.001.

Interestingly, the trait of neuroticism yielded an opposite
pattern: the level rated on human-Al interaction was the highest
(M =3.98, SD = 0.56), followed by the level rated on human-human
interaction (M = 3.69, SD = 0.61) and self-rated level (M = 3.21,
SD = 0.59). Those three evaluations were significant from each
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other as well: tgerar (244) = —14.62, p < 0.001; tself-human
(244) = —9.56, p < 0.001; and taj_human (244) = 5.36, p < 0.001. The
trait of extraversion reflected a different pattern: the level rated on
human-human interaction was the highest (M = 4.21, SD = 0.73),
followed by self-rated level (M = 4.05, SD = 0.41); while the level
rated on human-Al interaction was the lowest (M = 3.79,
SD = 0.76). Those three evaluations were significant from each
other as well: tgrar (244) = 5.04, p < 0.001; te
human(244) = -3.47, p < 0.001; and ta;-human(260) = —5.74,
p < 0.001. Therefore, H1a and H1b were supported.

As for the self-disclosure level, the self-rated level was the
highest (M = 5.01, SD = 0.66), followed by the level rated on
human-human interaction (M = 4.03, SD = 0.98) and the level rated
on human-Al interaction (M = 3.30, SD = 0.84). Significant differ-
ences existed between those three levels: tsirar (244) = 24.53,
p < 0.001; tselfhuman (244) = 12.70, p < 0.001; and taihuman
(260) = —7.67, p < 0.001. Hence, H2a and H2b were supported.

As for the level of control, the self-rated level was the highest
(M = 4.30, SD = 0.49), followed by the level rated on human-human
interaction (M = 4.10, SD = 0.81) and the level rated on human-Al
interaction (M = 4.01, SD = 0.69). Significant differences existed be-
tween the self-rated level and other two levels: tger.a1 (244) = 3.61,
p < 0.001; tself-human (244) = 3.95, p < 0.001. But there was no sig-
nificant difference between the Ilatter two levels: tarhuman
(244) = 1.31, n.s. Therefore, H3a was not supported; but H3b was
supported.

5. Discussion

This study set out to detect the discrepancy between the initial
social interaction between human and Al and that between
humans. The findings suggested that when WeChat users inter-
acted with Little Ice, they demonstrated different personality traits
from interactions with humans. Specifically, users tended to be
more open, more agreeable, more extroverted, more conscientious
and self-disclosing when interacting with humans than with Al In
contrast, they also showed higher level of neuroticism with Al than
with humans. In sum, human users demonstrated more socially
desirable traits in communicating with humans than with Al The
only exception was the level of control over social interactions, as

Table 2
Three types of evaluations by viewers on personality and communicative attributes.

Trait Mean SD Comparison (all df = 244)
Oself 5.27 0.54 tselr-ar = 29.67°""
Ow/AI 3.87 0.52 Cself-human = 20.28™"
Ow/human 4.10 0.66 talhuman = —4.27
Nselr 3.21 0.59 tseifal = —14.62""
NW/AI 3.98 0.56 Lself-human = _956***
Nw/human 3.69 0.61 tAlhuman = 5.36
Agerr 4.79 0.77 tself-A1 = 16.85™"
Aw/AI 3.84 0.60 Eself-human = 6-29*”
Aw/human 437 0.58 tAl-human = —9.09
Egelr 4.05 0.41 Lself-Al = 5.04""
EW/AI 3.79 0.76 Cself-human = 347"
Ew/human 4.21 0.73 tAl-human = —5.74
Cself 4.66 0.47 tserr-ar = 18.93"""
CW/A[ 3.80 0.53 tself-human = 7.25""
Cw/human 4.29 0.59 tAl-human = —8.98
SDgelf 5.01 0.66 Lself-al = 24.53™"
SDW/A| 3.30 0.84 tself-human = 12.70""
SDw/human 4.03 0.98 tAl-human = _7-67*“
Controlgers 4.30 0.49 Cself-A1 = 3.617"
ControlW,AI 4.10 0.81 Cself-human = 3.95""
COntl‘Olehuman 4.01 0.69 tal-human = 1.31

Note: O = Openness; C = Conscientiousness; A = Agreeableness; E = Extraversion;
N = Neuroticism; SD = Self-disclosure.
"p < 0.001, ""p < 0.01.

no significant difference was detected between conversing with
humans and with AL

The findings suggest that users apply different strategies to
interact with Al from with humans. The results echo Mischel's CAPS
model. When individuals encounter different types of interlocutors,
various cognitive-affective unites will be activated. The activation
further leads human users to present different personalities. As the
CAPS provides a general framework to predict and explain the re-
sults, we need to delve into the more specific HMC frameworks.

The findings in this study may complement the CASA paradigm.
Nass and Moon (2000) argued that users mindlessly apply social
scripts from human-human interaction to human-computer inter-
action. Reeves and Nass (1996) further used evolutionary psy-
chology to argue that computer users have not evolved enough to
distinguish mediated environments from non-mediated environ-
ments. The finding in the current study may provide a different
perspective of the narrative. If users are aware that they will
interact with an Al that is supposed to act like real people, users will
show less openness and less extraversion. It is consistent with the
prior research finding that people who believed that they would
interact with a robot would report lower perceived attractiveness
than those who believed that they would interact with a person
(Spence, Westerman, Edwards, & Edwards, 2014). Meanwhile, the
naughty performances of Little Ice led users to react in a more
neurotic way. On one hand, the findings corroborate previous
studies in that mindlessness may not be explanatory in some
contexts (Amalberti, Carbonell, & Falzon, 1993; Fischer et al., 2011;
Kanda, Miyashita, Osada, Haikawa, & Ishiguro, 2008). On the other
hand, it should be noted that users’ mindless responses occur only
when technologies show “enough cues to lead the person to cate-
gorize it as worthy of social responses” (Nass & Moon, 2000, p. 83).
Thus, it is possible that Little Ice only demonstrated the social cues
that evoke a certain degree of social responses but not enough to
elicit the same level of responses to humans.

Among the five big personalities, users were perceived to have
higher neuroticism in communicating with Little Ice. The result
may corroborate Nass and Lee's (2001) finding that computers
users preferred to interact with those that have similar personal-
ities to them. As Little Ice was designed to be a naughty girl that can
tell jokes, recite poetry, tell horror stories, and so on, users may
prefer to respond to Little Ice in a more neurotic way. Meanwhile,
the amalgam of Al's naughty personality and the multiple social
functions might have led users to feel insecure and reluctant to
disclose their information to AL

In addition, Duffy and Zawieska's (2012) analysis of the different
conditions where users suspend their disbelief in social robots
could be a good reference to the results. Though Little Ice was
endowed with different response mechanisms, the degree of bi-
directionality and the strangeness in the conversation between
humans and Al may determine how much users suspend their
disbelief and build up their trust in the Al (Duffy & Zawieska, 2012).
Despite the multiple social functions and designs of Little Ice, it is
likely that human users can still tell that Little Ice's responses were
not as natural as human conversation. Therefore, the low suspen-
sion of disbelief may inhibit users from demonstrating their
personalities.

Going beyond the debate surrounding the media equation
theory or CASA paradigm, the results of this study also shed light on
general social relationships with machines. Based on a discourse
analysis, Shechtman and Horowitz (2003) found that when par-
ticipants believed that they were talking to a person instead of a
computer, participants used more words and spent more time in
conversation. More importantly, participants used statements
about relationships (such as “Well, I definitely would be thankful to
have you by my side in this situation.”) in human-human
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interactions four times than in human-computer interactions. Our
research is congruent with the Shechtman and Horowitz (2003)
study in that users appear to be restrained in conversing with Al.

Lack of goals may also account for the low level of personality
demonstration in conversation with chatbots. In human-human
interaction, conversation is goal-driven. Three main categories of
goals have been identified in prior research: Task goals, commu-
nication goals, and relationship goals (Clark, 1996; Hobbs & Evans,
1980). Those goals help set the tone of our daily conversation. But as
HMC is an emerging communication phenomenon, humans may
not be able to find appropriate motivation to develop social re-
lationships with machines. That could be the reason why
conversing with a chatbot brought about lower ratings on
personality.

Another finding is the striking difference between the targets'
self-evaluation and viewers' evaluation based on their interactions
with Little Ice. The targets tended to rate themselves as more so-
cially desirable, i.e., being agreeable and conscientious, but their
interactions with Al tells a different story. The difference may lead
us to further reflect on which version of the targets is the true self. Is
it the person talking with Al or the person talking with his/her
friends? The discrepancies between targets' self-evaluation and
viewers' evaluation reflects the prior debates on personality as a
trait versus a state. Steyer, Schmitt, and Eid (1999) suggested that
the concept of personality can be operationalized as both trait and
state. Thus, this “You think you are nice, but you're actually mean to
Al” or “revealing the true self to AI” narrative could direct re-
searchers to further inquire into the contexts where users'
demonstrated personalities as a trait versus as a state.

Several limitations need to be considered in interpreting the
results of this study. First, although Microsoft claimed that over 90
million users have conversed with Little Ice, it is difficult to find
suitable targets for this study due to the strict criteria of conver-
sation transcript. That is why only six targets were recruited in the
study. Hence, the generalizability of this study is limited. Moreover,
this study was conducted in China. While Chinese culture empha-
sizes compliance with social rules, individuals in Chinese culture
may feel more pressured to behave in a socially desirable way in
interpersonal communication contexts than their counterparts in
other cultures (Hofstede, 1984). Stuart (2016) also suggested that
humans' reactions to social robots could be affected by their cul-
tural backgrounds. Future research may consider a cross-cultural
comparison of individuals' attitude toward chatbot. In addition,
the current study did not investigate the impression formation
process from the viewers' perspective. In other words, we did not
probe into what cues caused the viewers' judgments on the targets’
personality traits and communicative attributes. Future study may
use the lens model approach (Hall, Pennington, & Lueders, 2014) to
explore this question.

As an exploratory study, this project did not control for some
potential confounding variables. For instance, we did not control for
the gender and age of the human friend, since we did not want the
interlocutors to initiate a conversation upon our request. Instead,
we collected the conversation transcripts of natural conversations.
This choice might suffer from lower internal validity, but the
external validity was boosted. Although Microsoft artificially
assigned gender, age and personality traits to Little Ice, Little Ice's
conversational response is based on the big data from open public
online sites. That is why we did not equate Little Ice with a regular
17-year old girl. The personality of the targeted interlocutor would
be an underlying confounding factor as well. But the results indi-
cated that each individual's responses remain consistent with the
overall pattern (see Appendix).

On the last note, HMC heavily depends on the evolvement of
technology. Past generations of chatbot such as ELIZA could only

provide scripted conversational responses, while Little Ice responds
autonomously based on the big data of the Internet (Bingblog,
2014). Along with the fast development of speech recognition
technology and other similar technologies, human-machine inter-
face is becoming more and more natural. Therefore, it would be
premature to draw conclusions on how humans socially react to
machines purely based on today's technology. Future studies
should proceed to study human-machine relationships.
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Appendix. The comparisons of each target

For Target 1:

Trait Mean SD Comparison (all df = 41)
Oself 5.60 - Cself-A1 = 20-26***
OW/AI 3.93 0.53 Cself-human = 20.22™"
Ow/human 4.12 0.47 tAl-human = *1-92#
Nself 2.50 - Cself-a1 = *2]-95***
Nuw/ar 4.09 0.47 Cself-human = —16.59"""
NW/human 3.70 0.47 tAl-human = 3-58"
Aself 5.60 - self-A1 = 17-39*“
Aw/AI 3.93 0.62 Eself-human = 14.52""
Aw/humzm 431 0.57 tAl-human = *302**
Esel 4.60 - tselr-al = 5357
Ew/AI 3.95 0.79 Cself-human = 429***
Ew/hurnan 421 0.59 tAl-human = *1~68#
Cself 5.20 - tselr-al = 21.037"
CW/AI 3.79 0.43 Eself-human = ]0-25”*
Cw/human 443 0.48 tAl-human = 76;24***
SDself 6.00 - tseir-ar = 20.31
SDW/AI 3.52 0.83 Eself-human = 26-75*“
SDyjhuman 3.95 0.52 tALhuman = —3.40""
Controlges 4.00 - tseir.al = —0.03
Controlyai 4.00 0.82 toelf-human = —1.69%
Controlw/human 4.18 0.68 tAl-human = —1.23

e

"p <.05; ""p <.01; ™"p <.001.

For Target 2:
Trait Mean SD Comparison (all df = 38)
Oself 6.00 - tself-a1 = 29.717
OW/A] 3.83 0.46 tself-human = 14.95""
Ow/human 4.24 0.73 tAl-human = _2~85M
Nself 420 - tself-a1 = 412"
Nw/A[ 3.81 0.59 tse]f—human = 4-66*“
Nw/human 3.76 0.58 tAl-human = 0.31
Aself 3.20 - Cself-a1 = *514***
AW/AI 3.53 0.40 tself-human = ~16.40"""
Aw/human 4.66 0.58 tAl-human = *8-55*“
Eself 4.10 - Cself-A1 = 3-40**
EW/AI 3.77 0.61 tself-human = —2.49"
Ew/human 4.42 0.80 tAl-human = *3-76**
Cself 4.30 - self-A1 = 3-79**
Cuwjal 391 0.64 tself-human = —0.56
Cw/human 435 0.54 tAl-human = *277**
SDself 4.20 - tselr-al = 72377
SDw/ar 3.23 0.84 tself-human = —0.50
SD\wjhuman 430 1.26 tALhuman = —3.40"
Controlge 4.50 — tseifal = 1.17
Controlw/m 4.34 0.84 tself-human = 541 -
Controly/hyman 3.99 0.59 tALhuman = 2.02%

ok

“p <.05; 'p < .01; ""p < .001.
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For Target 3: For Target 6:
Trait Mean SD Comparison (all df = 37) Trait Mean SD Comparison (all df = 39)
Oself 4.30 — Cself-A1 = 428" Ogelf 4.90 — Lself-Al = 17.07""
OW/AI 3.98 0.46 tself-human = -2.71" OW/AI 3.66 0.46 tself-human = 11.60""
Ow/human 4.63 0.75 tAl-human = —3.98™" Ow/human 3.59 0.71 tAl-human = 0.47
Nself 3.20 - tself-A1 = —-6.98™" Nself 3.70 - tself-Al = —5.94™"
Nw/AI 3.93 0.64 tself-human = —0.98 Nw/AI 4.10 043 tself-human = -713™
Nuw/human 3.32 0.75 tALhuman = 4.517"" Nw/human 4.19 043 tAl-human = —0.91
Aselrf 4.60 — tself-Al = 574" Aself 4.80 — tself-Al = 8217
Awjal 4.00 0.64 tself-human = 3.62" Awjat 4.14 0.51 tself-human = 7.42°"
Aw/human 4.24 0.61 tAl-human = —1.83% Aw/human 4.15 0.55 tAl-human = —0.06
Eself 4.40 - Lself-Al = 6.1 1*“ Eself 3.30 - Lself-Al = —0.30
Ew/AI 3.66 0.75 tself-human = —0.83 Ew/AI 334 0.85 tself-human = —2.58"
Ew/human 4.52 0.90 tAl-human = —3.59™ Ew/human 3.62 0.77 tAl-human = —1.47
Cself 4.30 - tselr-al = 5.6077" Cself 5.10 - toelr-ar = 17.66™
Cuw/al 3.92 0.42 tself-human = —0.98 Cuw/al 3.63 0.52 tself-human = 18.80"""
Cw/human 441 0.70 tAl-human = -3.95"" Cw/human 3.79 0.44 tAlhuman = —1.41
SDself 4.90 - toerr-ar = 9.547 SDself 4.44 - toerr-al = 14.66™"
SDuw/al 3.26 1.06 tself-human = 4.05""" SDuwjal 3.08 0.59 tself-human = 9.62°""
SDw/human 4.15 1.14 tALhuman = —2.89"" SDw/human 3.14 0.85 tAl-human = —0.47
Controlgeir 3.83 - tself-al = —7.21"" Controlger 5.17 - tself-A1 = 8.76™"
ControlW,A[ 443 0.51 tself-human = -321" ControlW/AI 3.64 1.11 tself-human = 8.26™"
Controlw/human 4.19 0.70 tAl-human = 1.59 Controlw/human 3.94 0.94 tALhuman = —1.31
"p <.05; "'p < .01; ""p < .001. "p <.05; "'p <.01; "™"p < .001.
For Target 4:
Trait Mean SD Comparison (all df = 42)
Oseif 5.60 - terrar = 17.18™ References
OW/AI 4.06 0.59 tself-human = 24.84""
Ow/human 3.92 0.44 tAl-human = 0.95 Ackerman, E. (2016, August 2). SAM brings much-needed robotic assistance to senior
Nseir 2.60 - tseif-a1 = —17.23 living  facilities. ISPR. Retrieved from http://ispr.info/2016/08/05/robot-
Nw/at 3.76 0.44 tself-human = —13.42""" concierge-sam-brings-presence-based-assistance-to-senior-living-facilities/.
Nuw/human 3.67 0.52 tAl-human = 0.82 Adler, A. (1930). Individual psychology. In C. Murchinson (Ed.), Psychologies of 1930.
Acorr 540 = teerrp = 23.027 Worcester, MA: Clark University Press.
Awjal 3.93 0.42 tself-human = 10.91°"" Amalberti, R., Carbonell, N., & Falzon, P. (1993). User representations of computer
Awfhuman 439 0.61 tAI-human = —3.90™" systems in human-computer speech interaction. International Journal of Man-
Eserr 3.90 _ teetral = —0.94 Machine Studies, 38, 547—566. ) )
Eujl 401 0.79 teett-human = —5.08"" Andgrson, M. R. (2016, October 172. Robot babies ﬁom Japan raise all_ sor?s of ques-
E 430 0.52 ar — _169* tions about how parents bo_nd with ,_41. ISPR. Retrieved frqm http://ispr.info/2016/
w/human ’ ’ Al-human s 12/22/robot-babies-from-japan-raise-all-sorts-of-questions-about-how-
Ceerr 5.00 N Gerpr = 14.36 © parents-bond-with-ai/.
Cujar 3.93 049 Gself-human = 7.97 Bingblog. (2014). Meet little ice, Cortana’s little sister. Retrieved from https://blogs.
Cuwjhuman 441 0.49 tAl-human = *3;2}? bing.com/search/2014/09/05/meet-Little.Ice-cortanas-little-sister/.
SDseir 5.40 - Eserr-ar = 15.69 .. Bingblog. (2016). Bing helps developers connect more naturally with people. Retrieved
SDyjal 3.62 0.74 tself-human = 9.79 from https://blogs.bing.com/search-quality-insights/October/bing-helps-
SDw/human 4.30 0.74 tAr-human = —3.20 developers-connect-more-naturally.
Controlge 4.00 — teeiral = 345" Burgoon, J. K., & Jones, S. B. (1976). Toward a theory of personal space expectations
Controly/ai 3.81 0.36 tself-human = 0.78 and their violations. Human Communication Research, 2, 131—146.
Controly/human 3.93 0.59 tAl-human = —1.09 Clark, H. (1996). Using language. Cambridge: Cambridge University Press.
" — — Cooper, C. A, Golden, L., & Socha, A. (2013). The big five personality factors and
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the social media feed? Testing the differences in perceptions of communication
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Abstract

The Universal Declaration of Human Rights specifies a number of properties that characterize human beings, such as ‘dignity’,
‘conscience’, and several others. In this article we focus on these properties and on how they have been defined in the history
of philosophy. We show how they can be interpreted in terms of a prototypical architecture for an intelligent robot, and how
the robot can be provided with several aspects of ethical capability in this way. The key idea is to provide the robot with a
Moral Belief System that cooperates with, and moderates the robot’s capability of planning and action.

Keywords Robot ethics - Moral belief state - Giovanni Pico della Mirandola - Immanuel Kant - Universal Declaration of

Human Rights

1 Introduction

The present investigation started with the question whether
the Universal Declaration of Human Rights (UDHR) [1]
could be applied to intelligent robots. If this is feasible, then
it may contribute both to the discussion of how governments
should relate to such robots, and to the definition of behavior
rules for them. The UDHR states that the freedoms that it
claims for all human beings must not be used by them as
a license to violate the rights of others. This clearly trans-
lates into restrictions on the appropriate behavior of agents
(humans or robots) that may be covered by the UDHR. In
addition, since the UDHR makes a number of statements
about properties that humans have intrinsically, we felt that
it would be interesting to relate those statements to design
principles for intelligent robots.

This curiosity-driven approach turned out to be quite
rewarding, in particular when applied to the concept of intrin-
sic properties of humans. The UDHR uses a few such key
concepts, in particular ‘dignity’, ‘reason’, and ‘conscience’,
but also several others. These are classical concepts in phi-
losophy which have been extensively studied there. The task
of understanding that whole literature, with the various opin-
ions on its topic, was not within reach. We decided therefore

B Erik Sandewall
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1" Linképing University, Linkoping, Sweden

to identify the original authors whose work has set the direc-
tion for many of the subsequent contributions, and to study
their definitions for the key concepts in some detail.

This choice led us to consider two authors in particular,
namely Giovanni Pico della Mirandola who wrote the foun-
dational article ‘Oration on the Dignity of Man’ [2] in 1486,
and Immanuel Kant whose works include ‘Critique of Pure
Reason’ [3] and ‘Critique of Practical Reason’ [4] . Both of
these are very relevant for understanding the key concepts in
the UDHR.

But it turned out that besides shedding light on the
intended meanings of the statements in the UDHR, the con-
cepts that were proposed by these authors could as well be
related directly to the design principles for intelligent robots.
At the same time, we also consulted the documents of the
United Nations committee that authored the UDHR [5], in
order to ascertain that their assumptions and views were con-
sistent with the ones that we obtained from the writings of
Pico and Kant.

With all due respect for the authors of the UDHR, however,
for the present article we feel that it is appropriate to base it
on the definitions of Pico and Kant, as well as other origi-
nal authors. Our article is therefore organized as follows. We
shall first define our assumptions about the design of intelli-
gentrobots, in terms of an idealized architecture that specifies
what components must be present in it, a few optional compo-
nents, and the relationships between the components. Next,
we identify what we consider to be the essential concepts

@ Springer
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in the UDHR for our purpose, and explain why some other
concepts have not been included. After this, we address one
concept ata time and discuss its interpretation by our classical
authors, or by others. In these considerations we are also led
to introduce a few additional concepts (besides those men-
tioned in the UDHR) that are important for seeing the full
picture.

In the second half of the article, we propose an additional
component for an intelligent robot, which we call its Moral
Belief System. This component consists of a collection of
moral beliefs (the Moral Belief State), together with software
that is capable of applying those beliefs in the operation of
the intelligent robot as a whole. The purpose of the Moral
Belief System shall be to modify the robot’s behavior so that
it conforms as well as possible to ‘moral rules’ in a sense that
will be further discussed below. The acronym MBS will be
used for both the system in question, and for the belief state
that it contains.

In summary, there were two reasons for the idea to identify
(proposed) intrinsic properties of humans, and to see whether
and how they can be applied to intelligent robots as well.
The first reason on our part was mere curiosity, but as the
work proceeded, we began to see interesting implications
for the design of an ethical capability in those robots. One
may speculate whether the resulting, operational definition
of ethical competence may also be of interest for scholars in
the field of ethics, but we must leave it to them to have an
opinion on this.

2 Relation to Existing Work on Machine
Ethics

The present article combines a grounding in classical philo-
sophical concepts of ethics with an explicit model of the
intelligent agent. This represents a step forward relative to
earlier publications. The first generation of thoughts about
the ethics of robots originated with Isaac Asimov’s ‘Three
Laws of Robotics’ [6], and was dominated by reasoning about
various proposed laws, in particular, their necessity or plau-
sibility, and their consequences.

Contemporary work on robot ethics started with Michael
Anderson’s and Susan Leigh Anderson’s seminal article
from 2007: ‘Machine Ethics: Creating an Ethical Intelligent
Agent’ [7]. In this article they discuss the importance of
machine ethics, the need for machines that represent ethical
principles explicitly, and the challenges facing those work-
ing on machine ethics. They also give a simple example of
how a machine may abstract an operational ethical princi-
ple from examples of correct ethical judgments. Subsequent
work has mostly continued the discussion of these topics,
or demonstrated simple examples of ethical reasoning in a
machine.

@ Springer

With respect to theory, deontic logic is an obvious candi-
date for a theoretical foundation for machine ethics. However,
it can only be used if it is shown how to integrate it into an
architecture for the intelligent robot as a whole. Our approach
in the present article is to begin with that problem.

In the discussion about machine ethics, a few authors
such as Patrick Chisan Hew have expressed doubts about
its usefulness, arguing that “Such systems are a substantial
departure from current technologies and theory, and are a
low prospect” [8]. We feel on the contrary that substantial
departures from current technologies have occurred repeat-
edly in information technology, and we see no reason why
one could not happen in the present case. We propose also
that the design considerations in the present article may be a
step in this direction.

One example of a ‘substantial departure’, of a very differ-
ent kind than the one suggested in this article, was proposed
in a book edited by Stephen Palmquist, “Cultivating Person-
hood: Kant and Asian Philosophy” [9]. This book contains
an extended argument about whether and how ‘reason’ and
‘free will’ can arise from the biological processes of concep-
tion and fetus development. This is an example of the broad
range of contributions to the topic of machine ethics.

3 Intelligent Robots

For the purposes of the present article, an intelligent robot
is a mechanical device that at least is equipped with sen-
sors, actuators, a sensory-motoric system and a planning and
action system (PAS). The sensory-motoric system contains
driver software for the sensors and actuators, and a percep-
tion capability whereby a concise description of the robot’s
current environment is obtained from the sensor inputs, and
is also updated continously. This description will be referred
to as the robot’s world model. In simple cases, the world
model will just represent a few objects in the robot’s field
of observation, with some features of these objects and some
relations between them. In more advanced systems, the world
model may also represent remote objects, complex objects,
present and past events and actions, and other constructs as
studied in the field of Representation of Knowledge.

The Planning and Action System is responsible for the
robot’s choice of actions, the execution of those actions, and
various kinds of reasoning about actions. Several parts of this
PAS will be relevant for our discussion of robot ethics, and
we shall therefore state our assumptions about it with some
detail. Our assumptions are consistent with system architec-
tures that are used in practical systems; see e.g. [10].

The PAS shall include a set of designators for elemen-
tary actions and likewise a set of designators for composite
actions. Each elementary action designator is associated with
a computational mechanism for performing the action. This
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mechanism may be defined as a procedure in a programming
language, but a number of other design paradigms are also
possible, for example in terms of finite automata.

Each composite action designator may be associated with
one or more plans that can be used for performing the action.
In simple cases, a plan is a sequence of (lower level) action
designators. More complex plans can be formed using con-
ditional and repetition operators, as usual.

Furthermore, each action designator shall be associated
with information about how the execution of the action is
expected to affect the state of the robot’s environment, in
terms of the categories that are used by the sensory capability.
Based on this, the PAS shall have a prediction capability
whereby it can compute an expectation of the result state
after performing an elementary or composite action.

Finally, the PAS shall contain an action suggesting mech-
anism which is able to generate or select one or more action
designators based on the current world model as generated by
the perception capability. It may be implemented, for exam-
ple, as a set of situation-action rules.

These are the minimal requirements, and additional facil-
ities may be considered. They include a goal suggesting
mechanism, as well as a planning mechanism for construct-
ing a composite action that is expected to lead to a situation
where the robot’s environment satisfies certain conditions
that are referred to as ‘the goal’. An additional and useful
facility will be an action evaluation mechanism that can be
applied to the outputs of the action suggesting mechanism, in
order to assess the cost, the likelyhood of success, and other
characteristics of a suggested action.

4 Reasoning and Intelligence

With few exceptions, human beings have a prediction capa-
bility and an action suggesting mechanism, similar to those
that were described above for intelligent robots. Several alter-
natives come to mind with respect to how these capabilities
work. One possibility is that they work by logical reasoning
which is performed in a step-by-step fashion, and where the
conclusions in each step can be communicated to others and
discussed with them.

Another possibility is that they “just happen” in the
sense that the person in question is not able to explain
how she or he arrived at the prediction or the suggestion
at hand. This is essentially the distinction between ‘con-
scious’ and ‘subconscious’ cognitive processes. We shall
refer to these alternatives as “reasoning” and “intuition”,
respectively. They are not mutually exclusive, since it seems
that people can use both depending on the situation at hand,
and also since a result that was arrived at by “intuition” can
later be explained and motivated as if it had been obtained
by reasoning.

These human characteristics have immediate counterparts
in the design of robots, where “reasoning” can be imple-
mented using logic-based techniques, and where “intuition”
can be implemented using neural networks, for example.

With these definitions and premises, we can proceed to
the question of whether, and under what conditions may it be
possible to apply the Universal Declaration of Human Rights
(UDHR) to intelligent robots.

5 Key Concepts in the UDHR

Four concepts in the UDHR are of central importance if it
shall be applied to intelligent robots, namely ‘freedom’ (or
‘free’), ‘dignity’, ‘reason’ and ‘conscience’. They appear as
follows in its Article 1 of the UDHR:

All human beings are born free and equal in dignity and
rights. They are endowed with reason and conscience
and should act towards one another in a spirit of broth-
erhood.

Some of these words also appear as follows in its Pream-
ble:

Whereas recognition of the inherent dignity and of
the equal and inalienable rights of all members of the
human family is the foundation of freedom, justice and
peace in the world...

The interpretation of the phrase ‘in a spirit of brotherhood’
will be discussed in the section about the concept of ‘con-
science’, later on in this article. Therefore, at this point we
only need to consider how the terms ‘free’, ‘dignity’, ‘rea-
son’ and ‘conscience’ can be applied to intelligent robots.
These concepts are treated differently in the other 29 articles.
The concept of ‘conscience’ appears only once, in Article 18
which begins:

Everyone has the right to freedom of thought, con-
science and religion...

The concept of ‘dignity’ appears only in Article 23:

Everyone who works has the right to just and favourable
remuneration ensuring for himself and his family an
existence worthy of human dignity...

and the concept of ‘reason’ does not appear anywhere else
besides in Article 1. By contrast, the concept of ‘freedom’
appears repeatedly, in particular since several articles define
what specific ‘freedoms’ shall be enjoyed by everyone. In
fact, the words ‘free’ or ‘freedom’ appear 21 times in these
29 articles.

Some other frequently occurring concepts are ‘rights’ and
‘entitled to’. For example, Article 28 says:

@ Springer
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Everyone is entitled to a social and international order
in which the rights and freedoms set forth in this Dec-
laration can be fully realized.

I shall not address these concepts here, since they are
mostly used for ‘rights’ that must be guaranteed by national
governments, which means that they must be considered in
the broader context of how governments relate to intelligent
robots. This would take us outside the scope of the present
article.

It remains, therefore, to consider the concepts of ‘free-
dom’, ‘conscience’, ‘reason’ and ‘dignity’ as used in the
UDHR, and for each of them to discuss its requirements on
the design of an intelligent robot. With respect to conscience,
for example, we need to discuss what may be needed for the
robot to have a conscience. Ideally we would also like to
understand how the robot may recognize and respect the con-
science of others, but this is outside the scope of the present
article. I shall address these four concepts one at a time,
together with a few others that will come up along the way.

6 The Concept of Freedom

The UDHR specifies a number of freedoms for everyone,
but it is clearly not an exhaustive list of all the freedoms
that people have. Therefore, at first sight, it would seem that
the ‘freedom’ aspects of the UDHR should not constrain the
permissible behaviors of the intelligent robot at all. How-
ever, the Declaration also specifies certain restrictions on the
freedoms, namely, in the clauses of Article 29:

(1) Everyone has duties to the community in which
alone the free and full development of his person-
ality is possible.

(2) Inthe exercise of his rights and freedoms, everyone
shall be subject only to such limitations as are deter-
mined by law solely for the purpose of securing due
recognition and respect for the rights and freedoms
of others and of meeting the just requirements of
morality, public order and the general welfare in a
democratic society.

(3) These rights and freedoms may in no case be exer-
cised contrary to the purposes and principles of the
United Nations.

The first clause gives a lot of room for interpretation: what
is included in the “duties to the community”, and how can
a decision or a consensus be reached on such issues? The
second clause states that freedoms can only be restricted by
law, but in actual practice one would prefer for intelligent
robots to recognize informal requirements of morality and
public order, and not merely the legal prohibitions in force.
In this case the room for interpretation increases even further.

@ Springer

Therefore, in spite of the emphasis on ‘freedom’ in the
UDHR, it also allows for restrictions on those freedoms, and
the extent of these restrictions is a matter for the society where
the UDHR is applied. This is also related to the question of
‘conscience’ which will be addressed later on in this article.

Somewhat surprisingly, therefore, the implications of the
UDHR for the design of intelligent robots impose important
restrictions on the robot’s freedom of action.

7 The Concept of Dignity

The ‘dignity’ of all human beings is emphasized very
strongly in the Preamble and in Article 1, but UDHR does not
even begin to define what it means. It is a well-established
term in moral philosophy, however, and a brief review of its
origins is therefore in place here. Its Latin form, ‘dignitatis’,
is derived from the adjective ‘dignum’; a person is ‘dignum’
of doing something if he or she deserves to do it and is com-
petent of doing it. This noun was promoted by Giovanni Pico
della Mirandola in [2] where he proposes that humans have
a particular ‘dignity’ because they have free will, whereas
both physical objects and animals can only react to whatever
forces operate on them. Because of their capacity for free
will, humans are able to change themselves, thereby ascend-
ing in a chain that leads from the physical world at the bottom,
to the divine world at the top.

The concept of dignity was also adopted by Immanuel
Kant in order to make a distinction between things that can
be discussed merely in terms of what value they have for
someone, and those that can not or must not be considered
only in those terms. The requirement on the latter is that they
shall have a moral dimension, which meant for Kant that they
are ‘ends in themselves’. He wrote: “Morality, and humanity
insofar as it is capable of morality, is that which alone has
dignity” [4,11]. Like Pico, he also considered free will to be
an essential aspect of the dignity of the human person.

The combination of free will and morality is therefore of
interest for our topic of study. Two later sections will address
these two topics in succession. The next section after them
will introduce the concept of a Moral Belief System, which
we propose as a facility in a robot whereby it can use its
morality to voluntarily constrain its own free will. In this
way we address the question of how morality and free will
can be combined operationally, which is such a crucial issue
for our two classical authors.

8 The Concepts of Reason and of Being
Endowed with Reason

The UDHR states that all human beings are “endowed with
reason”. This phrase is not in common use, but probably
most readers have an informal understanding of what it may
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mean. A Google search for this phrase has only returned
references to the UDHR, to a few texts of religious origin,
and to works of Kant or about him. In particular, in [11],
Kant uses this phrase synonomously with “being a rational
being”, which agrees well with common-sense interpreta-
tions of these phrases.

At the same time, the concept of ‘reason’ itself is of
paramount importance in Kant’s philosophy, as one can
see already by its appearance in the titles of several of his
major works [11,12]. Kant makes an interesting distinction
between ‘logical’ and ‘pure’ uses of reason. The former
involves the use of logic for drawing conclusions, which
Kant considers as a ‘subordinate’ faculty. In the pure use, on
the other hand, “reason itself contains the origin of certain
concepts and principles” [11]. Logical reason can there-
fore be implemented by reasoning software in a computer,
whereas pure reason is bound to be a design principle for
the software and for the representation of knowledge in the
robot.

However, Kant’s works are written in German and use
the term ‘Vernunft’ which is then translated into ‘reason’
in English. This translation is treacherous since ‘Vernunft’
means ‘reason’ in the sense of being sensible whereas it does
not have any significant connection to ‘reasoning’.

For the present purpose, we shall combine Kant’s two
varieties of ‘reason’ and say that a computational agent
“has reason” if its software and knowledge representation
are organized in a rational way and if they are consistent
with pure reason in the sense of Kant. In practice, it is
likely that logical reasoning will be extensively used in in
its Planning and Action System, but this will not be essen-
tial for it ‘being endowed with reason’. The first part of
this condition means for example that when the PAS initi-
ates the execution of an action, it only chooses an action
that has been obtained from the action suggesting mech-
anism. It also means that the planning mechanism will
only produce plans that are expected to achieve the given
goal.

9 The Concept of Free Will

The question whether robots can be said to have free will
has been the topic of much debate in recent years. How-
ever, already in the year 2000, John McCarthy published
an article with the title “Free Will—Even for Robots”
[12] that effectively settled the issue. McCarthy adopted
the philosophical stance of compatibilism [13], a philo-
sophical line of thought that goes back to the classical
stoics. In this view, free will and determinism are mutu-
ally compatible, so it is possible to embrace both without
being logically inconsistent. An instance of ‘free will’ may
be seen as one in which the agent was able to choose

between alternative goals or actions according to its own
internal, cognitive processes, even though these processes
may appear entirely deterministic for an outside observer.
Kant expressed this view by saying that a rational will
cannot act except “under the idea” of its own freedom
[11].

In his article, McCarthy also proposed to view ‘free will’
as a graded concept, so that the ‘will’ of an agent may be
considered as more or less free, depending on whether and
to what extent the agent has internalized external constraints
on its behavior. For example, if a parent has forbidden a child
to perform a particular action, then the child will be said to
have less free will if it has adopted the restriction as its own,
and more free will if the child is mentally prepared to perform
the action in spite of the parent’s instructions. The latter case
applies even if the child does not actually perform the action,
for example for some other reason that arises indepently of
the parent.

The concept of dignity according to Pico della Mirandola
and according to Kant is strongly tied both to the existence
of free will, and to the presence of morality that influences
the choices of this will. This is a strong philosophical rea-
son for paying attention to the combination of those two
concepts when providing intelligent robots with a sense of
ethics. It follows that such an enterprise can only make sense
under the compatibilistic view of free will, since computers
must be viewed as deterministic devices. (The introduction
of arandomization device would not change this matter). The
compatibilistic view is therefore the natural choice when dis-
cussing the dignity of robots.

10 The Concept of Morality

The article about ‘Definition of Morality’ in the Stanford
Encyclopedia of Philosophy [14] distinguishes between a
descriptive use and a normative use of this word. The nor-
mative case is explained as a code of conduct that, given
specified conditions, would be put forward by all rational
persons. This is well in line with the writings of classical
authors, such as Kant.

The descriptive use of this term refers to certain codes
of conduct put forward by a society or a group (such as a
religion). It seems likely that this meaning is intended in
Article 29 of the UDHR when it states that freedoms shall
be restricted by the just requirements of morality, public
order and the general welfare in a democratic society. With
respect to intelligent robots, therefore, they should imple-
ment normative morality in order that they can be considered
to have dignity, and they should also have knowledge of
morality in the descriptive sense and for the environment
that they are in, so that in their actions, they will not violate
Article 29.

@ Springer



562

International Journal of Social Robotics (2021) 13:557-567

11 The Moral Belief System

We shall now describe an additional, proposed subsystem of
the intelligent robot, called the ‘Moral Belief System’ (MBS)
containing its verdicts about which actions and situations are
‘right’ and which are ‘wrong’. The primary purpose of the
MBS is to allow the robot to decide for itself what are the
moral constraints on its own choice of actions, in line with
the compatibilistic view that was described above.

In the context of the UDHR, the MBS is important for
interpreting Article 29 so that the robot will not perform
actions that it should not. The MBS is also needed, in line
with Pico’s argument, so that the robot shall be competent to
exercise its own free will and so that it shall deserve doing
so. And finally, the Moral Belief System should be seen as
the carrier of the morality that Kant required as a condition
for dignity.

I shall first outline the technical characteristics of the
Moral Belief System (MBS), and later on discuss whether
and to what extent it can provide the functionality of a con-
science in the sense of the UDHR. The MBS is designed to
cooperate with the robot’s Planning and Action System (PAS)
that was described above, allowing it to recognize when a pro-
posed action may produce ‘bad’ effects, or ‘good’ effects. To
this end it must minimally contain value statements that label
particular conditions in the robot’s world as being ‘bad’ or
‘good’, maybe with further qualifications or a graded scale.
The same range of values may also be assigned to actions
themselves. What is now said about actions applies also to
goals and plans. Additional features of the MBS will be intro-
duced below.

If an intelligent robot is designed so that in each situation,
it addresses the output of the action suggesting mechanism
and selects one of the suggested actions, then the MBS as now
described may be used as a filter on the suggested actions,
allowing only some of them.

On the other hand, in a robot that uses a goal suggesting
mechanism, and planning for finding a plan that achieves the
selected goal, the combination of the PAS and the MBS will
work as follows. When a goal has been selected, the robot
shall first verify that this goal is compatible with the Moral
Belief State. If it is, the robot must consider possible plans
for achieving this effect, and it will use the planning mech-
anism in order to obtain one or a few proposals for possible
plans. According to the normal operation of a PAS, it will
consider these proposals from the point of feasibility, cost,
and other factors that may be relevant. With an MBS, it will
also consider the possible additional effects (’side-effects’)
of each action in a plan, and relate them to the statements in
the Moral Belief State. If it is determined that a plan can have
side-effects that are unacceptable according to the MBS then
that plan must be disqualified or amended.

@ Springer

12 Autonomous Modification of the Moral
Belief System

The moral stance of a person or a group is not fixed; it can
change over time when new facts become known and when
circumstances change. For example, if a group has tradition-
ally maintained that homosexuality is an evil thing, and later
it realizes that this view has distressing consequences for the
people involved, the members of the group may reconsider
the reasons for their traditional view, and then change “their
MBS in this particular respect.

This example shows that when a robot is equipped with a
Moral Belief System, one may consider an advanced facility
where the robot is able to observe actions that are performed
by other agents in its environment, and to assess the conse-
quences of those actions according to the value statements in
its MBS. In this way the robot will obtain a larger corpus of
events as a basis for its deliberations. Some of these events
may involve violations of values in the observer’s MBS and
cause it to revise its value structure.

The robot’s capability for reviewing and revising its Moral
Belief State will be further improved if itis engaged in a conti-
nous dialog with other agents (i.e., other robots, or persons)
concerning the events that they observe together. Just like
people tend to exchange views about the goodness or bad-
ness of specific events, and the arguments for their respective
positions, a robot that engages in a similar dialog may be led
to revise its Moral Belief State.

Moreover, the example above illustrates the interdepen-
dence between actions and value statements: actions have
consequences that may be assessed according to the values,
but the adoption of values by a person or a group will also
have consequences since it affects what actions are taken and
what actions are not taken. This means that there is a consis-
tency requirement on the MBS: it should not contain value
statements whose presence there has consequences that are
considered as bad according to that same MBS.

Accordingly, it is not sufficient to check the Moral Belief
State for consistency a single time, since new facts arrive (by
observations, or by dialogue with other agents), and they may
introduce inconsistencies in a previously consistent MBS.
Moreover, the MBS shall not be analyzed merely as a collec-
tion of value statements; it must be seen in connection with
the facilities of the entire Moral Belief System, i.e. facili-
ties for the assessment of observed facts, for the detection of
inconsistencies in the MBS, and for changing it so as to repair
such inconsistencies. The software ‘engine’ that is needed for
this purpose will resemble a reason-maintenance system [15]
which is a classical device in A.L

One may ask whether it would not be better to design the
MBS in such a way that it does not contain any inconsisten-
cies, and so that inconsistencies can not possibly occur as
the result of new information, or as the result of autonomous
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changes in the world model or the MBS. This will be a
very difficult task, however, and the alternative is to design
it using current techniques for reasoning in the presence of
inconsistencies [16]. This possibility is also supported by the
observation that humans seem to manage very well in spite
of inconsistencies both big and small.

13 General Rules for the Moral Belief State

Besides the case-driven revision of the MBS, there are also
some well-known moral principles that can be seen as restric-
tions that must be satisfied by the MBS as a whole. The
‘golden rule’ of Jesus Nazaraeus is an example of such a
global restriction:

So whatever you wish that others would do to you,
do also to them, for this is the Law and the Prophets
(Matthew 7:12).

Kant’s principle of universalizability can also be seen as
such a restriction, and as a generalization of the golden rule.
One of its formulations is as follows [11]:

Act only according to that maxim whereby you can at
the same time will that it should become a universal
law.

In our terms, a ‘contradiction’ is a situation where the
application of the propositions and mechanisms in the robot’s
MBS can lead to results that are ‘bad’ according to that same
MBS. However, this formulation of the principle is not very
practical, since it would require considerable deliberation
each time the robot considers performing a particular action.
Therefore it would make more sense to use it as a constraint
on the combination of the Planning and Action System and
the Moral Belief System in each particular robot, as follows:
the MBS must only contain value statements that could be
adopted by all humans or robots (or by almost all of them)
without obtaining any significant ‘bad’ results. Moreover,
the same must apply for the situation-action rules in the PAS
action suggesting mechanism.

14 Autonomous Modification of the World
Model

The world model was mentioned initially as one of the essen-
tial components of the intelligent robot. Exceptin very simple
cases, the world model may represent physical objects that
are of interest for the robot, properties of objects and relation-
ships between them, current actions and events, past events
and foreseen future events, and so forth. This world model
will be continously updated according to the robot’s percep-
tions, and by communication with other agents.

Like in humans, the world model is interdependent
with the low-level perception capability, so that perception
updates the world model and the world model affects the
perception. However, several other facilities in the intelligent
robot will also need to use the world model, including in par-
ticular the Moral Belief System. For a simple example, if the
MBS shall express that a particular action is required, appro-
priate, or excluded in a particular type of situation, then both
the action and the situation description should be expressed
in the terms used by the world model. Also, the world model
must be used for reasoning about such actions and situations.
The same applies for the action suggestion mechanism and
the action evaluation mechanism.

Because of these interdependencies, one should also keep
in mind the possibility that the Moral Belief System may
influence the world model. This may happen, in particular, as
the result of a cognitive dissonance, i.e. a mismatch between
different desires or inclinations in the robot. When the robot’s
cognitive system attempts to remove the reasons for a cog-
nitive dissonance, one possible diagnosis on its part may be
that the dissonance is the result of a fault in the world model,
which may lead it to reconsider some aspect of that model.
This kind of “new understanding” does occur sometimes in
humans. Although it is not easily replicated in artificial sys-
tems, one should at least attempt to design those systems in
such a way that this kind of rethinking is not excluded from
the outset.

15 The Concept of Conscience

The UDHR states that all human beings are endowed with
conscience. It therefore makes sense to ask whether a simi-
lar facility would also be needed and useful in an intelligent
robot, and whether it could contribute positively to the robot’s
behavior. Moreover, as we shall see, the concept of con-
science has some interesting implications for the design of
the intelligent robot.

The Stanford Encyclopedia of Philosophy describes one
meaning of this word as follows:

‘When we talk about conscience, we often refer to reflec-
tion about ourselves as moral persons and about our
moral conduct. Through conscience we examine our-
selves, as if we were our own inner judge. The image of
an individual split into two persons, one who acts and
the other who observes the former’s conduct, reflects
the original conception of ‘conscience’ in the Greek
world, at least from the fifth century BCE.

Let us consider this definition first, and then return to
other definitions. The one at hand allows for two operational
interpretations, depending on whether the “judgement” of
an action occurs before or after it has been performed. In
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the first case, the conscience operates as an enabler or a
disabler of actions, so that a person’s conscience may rule
that he or she shall absolutely not perform certain actions,
or that in certain situations he or she shall perform certain
actions.

This aspect of the conscience is clearly accomodated
by the combination of the PAS and the MBS that was
described above. It imposes a requirement on the system
design, namely, that the morally required actions are included
in the output of the action suggesting mechanism.

A problem arises if a person’s conscience requires him
or her to perform actions that are permitted by the general
formulations of the freedoms in the UDHR and supported
by the freedom of conscience (Article 18), but which also
happen to be restricted according to the local interpretations
of Article 29 which was discussed above. This occurs when
a person’s conscience tells him or her to act contrary to the
expectations of the surrounding society. A well-developed
MBS should be capable of identifying such clashes, and a
well-developed PAS should contain methods for dealing with
them.

The other operational interpretation of ‘conscience’ comes
into play when a person experiences having ‘a bad con-
science’ for something that he or she has done, or has chosen
not to do. In this case it is a question of retroactively assess-
ing an action of one’s own and wishing that one had done
otherwise. This can lead to new concrete actions, such as to
apologize for example, but it can also lead a robot to recon-
sider some parts of its MBS, or even some aspects of its
decision-making machinery. In other words, the important
aspect of conscience in its second function is not the iden-
tification of the fault, since this can also be taken care of
by the PAS and the MBS. Instead, the capability of chang-
ing oneself as a result of the remorse shall be understood
as an additional competence that is an integral part of the
conscience.

The view of the conscience as an inner judge is a powerful
one, but it does not cover all uses of the term. In particu-
lar, conscience can also be seen as the basis for obligatory
situation-action rules, which say that in a particular kind of
situation, the agent must necessarily perform a certain action,
regardless of other considerations. This may be related to the
concept of identifying the ‘Is” and the ’Ought’, as advocated
by Hallaq [17]. He explains it through an example where
the observation that a person Is poor shall be ontologically
identified with the requirement that one Ought to help the
person. The example is not entirely convincing, but the idea
is interesting.

To summarize, a fully developed MBS (consisting of both
asoftware engine and a collection of value statements) should
make the robot capable of revising the set of value statements
in its MBS, both by plain deliberation and by conscience-
driven reconsideration of those statements. This possibility
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is very much in line with Pico’s view of how the soul can
ascend from the physical world and towards the divine world.

Finally, we shall return to the interpretation of the phrase
‘in a spirit of brotherhood’ which occurs in Article 1 of the
UDHR. The website of the UDHR Project at Columbia Uni-
versity defines this phrase as follows, in its page on Article
1[18]:

To treat one another in a “spirit of brotherhood” means
that individuals should, in a figurative or symbolical
sense, treat each other in such a way as proper to the
relation of a brother.

This explanation leaves a lot to the reader’s imagination.
For the present purpose I shall assume that a spirit of broth-
erhood consists, at least, of ‘empathy’ and ‘solidarity’. It
may be argued that ‘understanding’ of the other person’s
character should also be included as a separate point, but
I will leave that aside as being too complicated to deal
with. Empathy, then, might be characterized as a capabil-
ity of the agent’s perception system whereby it is able to
interpret its observations of others in terms of its model
of itself and its own experiences, combined with an action
or goal suggesting mechanism that reacts appropriately to
these interpreted observations. With this understanding of the
phrase, ‘empathy’ is closely related to the variety of ‘con-
science’ that takes the form of obligatory situation-action
rules.

The concept of ‘solidarity’ may be seen as analogous to
‘empathy’ but with the difference that it does not rely so
much on the observer’s model of itself. A person may show
solidarity with the needs of his or her brother although they
do not experience having the same needs themselves.

These definitions of terms such as ‘empathy’ and ‘solidar-
ity’ must be seen as first approximations which can not of
course do full justice to these words as they are used in psy-
chology or in politics, and even less when compared to how
they are used in literature. However, one must start some-
where, and even these crude operational definitions may be
useful for relating terms such as these to the design of intel-
ligent robots whose behavior may have some resemblance to
‘empathy’ and ‘solidarity’ in humans.

16 Potential Problems with Morality-based
Robots

With respect to software systems that have a limited level of
“intelligence”, it is sometimes said that “limited intelligence
is worse than no intelligence at all”. Be that as it may, one may
worry that an analogous statement may hold some truth: “a
system with limited morality and understanding is worse than
a system with none of those”. After all, the very point with
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endowing an intelligent robot with a sense of morality can
only be to keep it from doing things that are evil or have evil
effects, and to incite it to do things that promote goodness.
Furthermore, there is an underlying assumption that the robot
shall be enabled to make these judgements autonomously.
This can only be worthwhile if the considerations in question
are so complicated (or so incompletely known) that they can
not be completed in advance. If they can, then one may as
well resort to a preprogrammed ethical behavior, without any
need for a ‘free will’.

But if the situations that the robot will encounter can not
be predicted and circumscribed, and if the robot’s behavior in
those situations can not be predicted in advance, then how can
we know that the interventions of the robot will have positive
effects in all the situations that it encounters? And if we deal
with this concern by asserting that the robot’s actions are for
the good in the overwhelming majority of cases, although
maybe not all of them, then how shall we as a society relate
to those situations where the robot’s actions turned out to
be quite detrimental? Shall they be considered as accidents
that are caused by Nature, or shall someone be considered
as responsible—the robot’s designer, the robot’s owner, or the
robot itself?

Besides these major problems, there is also an issue even
in the case where an intelligent robot is merely used for obser-
vation and intelligence-gathering. We have already remarked
that there is a possibility that the Moral Belief System can
influence the world model in some situations. By way of
speculation, one may imagine a robot that has too much
morality and autonomy for its common sense; if such a robot
is assigned the task of observing public spaces and if it can
file a report or send in a task force when it sees that something
bad is about to happen—then what? The concept of morality-
based surveillance has some obvious problems.

What we have said here should not be used as arguments
against the implementation of ethics in robots and other
computer based systems. However, it does qualify as argu-
ments for proceeding slowly and carefully when this kind
of technology is put into use. Information technology has
a deplorable track record of how new technologies and new
systems have been put into operation prematurely. We should
not let that happen for morality-based robots.

17 Alternative Uses of the Considerations
Made Here

The present article has focused on the question whether
the UDHR’s statements about the nature of humans can be
applied to the design of intelligent robots. There is a related
and important issue that we have not addressed, namely, how
an intelligent robot shall be designed so that it does not vio-
late the human rights of any person in their environment. One

may suggest that this can be done simply by including the
articles of the UDHR to the robot’s Moral Belief State, but
it seems that this would impose an overly difficult task on
the MBS software. It seems more likely, therefore, that the
rules of the UDHR shall have to be “compiled manually”
into value statements and behavior rules that are suitable for
being integrated into the robot’s MBS.

18 Alternative Definitions of Dignity and
Morality

In this article we have used definitions of dignity and moral-
ity that are characteristic of Western culture during the period
of modernity. Although our two selected authors embraced
Christianity, more or less, their concepts and lines of reason-
ing did not reflect the religious doctrines at the time.

However, the dignity of the human person is also an
important concept in several religions, and this should be
mentioned briefly here as a reminder, and so that this aspect
is not ignored. In religious frameworks, ‘dignity’ is often
seen as a requirement to conform to the religious laws. For
example, the Islamic scholar Mohammad-Ali Taskhiri views
dignity as a state to which all humans have equal potential,
but which can only be actualized by living a life pleasing to
the eyes of God [19].

The concept of morality is likewise very important in
many religions. For example, the Muslim scholar Wael Hal-
laq wrote [17]:

...the discursive world of Islam and its forms of knowl-
edge were pervaded by moral prescriptions and by
Sharfa-prescribed ethical behavior.

Religious frameworks of this kind can be seen as an alter-
native or as a complement to secular definitions, such as the
largely secular one given by Kant. However, inasmuch as
abrahamic religions consider that mankind was created in
the image of God:

So God created mankind in his own image, in the image
of God he created them; male and female he created
them.

(Genesis 1:27), it seems quite unlikely that their follow-
ers shall be willing to extend their concepts of dignity and
morality to man-made devices, such as intelligent robots.

19 Summary and Concluding Remarks

In order to address the role of Ethics and of Human Rights in
the design of intelligent robots, we have specified a few basic
assumptions about the software architecture of such robots.
We have also identified a set of important concepts in ethics,
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discussed their definitions, and described how they may be
realized in the robot’s architecture.

The major assumptions about the architecture of the intel-
ligent robot were that it should contain a sensory-motoric
system, a perception capability that produces a world model,
and a planning and action system (PAS). We have further-
more proposed the addition of a moral belief system (MBS)
that interacts with the PAS. The assumed characteristics of
these subsystems have been described in outline.

With respect to the concepts in ethics, we have chosen
the Universal Declaration of Human Rights (UDHR) as the
starting point for our analysis. It specifies four properties
that are stated to be characteristic of human beings, namely
‘freedom’, ‘dignity’, ‘reason’ and ‘conscience’. The concept
of freedom is relevant since the UDHR does not merely claim
a number of specific freedoms; it also contains clauses that
restrict those same freedoms. The other three concepts are
important since they characterize those properties of human
beings that make us worthy of the freedoms and rights that are
defined in the UDHR. Each of these four concepts is therefore
relevant for the ethical aspects of intelligent robots.

The discussion of these properties could not be based only
on the text of the UDHR and available comments about it. We
have therefore included some key ideas of a few foundational
authors into our analysis, in particular Giovanni Pico della
Mirandola and Immanuel Kant. This also led us to add a few
additional concepts into the analysis, in particular ‘free will’
and ‘morality’.

The main result of these considerations is that it provides
a conceptual framework for the design of a Moral Belief
System that can impart a sense of ethics to an intelligent
robot. Furthermore, this conceptual framework may clarify
the relationship between the philosophy of ethics and the
ethical capabilities of intelligent robots.

The use of the UDHR as the starting point for this work
was natural in view of its very broad acceptance, and since
it specifies characteristic properties of humans that are rele-
vant for our topic. However, the UDHR also has some weak
points. In particular, it talks mostly about ‘freedoms’ and
‘rights’, but only indirectly about ‘obligations’. On the other
hand, the analysis of ‘dignity’ as requiring the combination
of ‘free will’ and ‘morality’ compensates to some extent for
that weak point.

Further analysis of the obligations of intelligent robots
would be a natural topic for future work. It is part of a broader
topic that has been mentioned above, namely, what will be
the appropriate laws and other rules for intelligent robots,
and what social expectations should be applied to them.
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