































































































Table 4.1 (Continued): Attributes of Reviewed Definitions of Artificial Intelligence & Emotional Intelligence

motivations)

Article Authors Nature Process Outcomes Context
Emotional Sood (2008) With oneself, dealing | Social Definition: handling
Computation in with others emotions | understand, manage relationships
Artificial Intelligence people’s emotions
Education gage in adaptive
interactions
gence definition:
ive, understand
press within
If and in dealing
with others
Emotions in human Martinez-Miranda | Mechanisms Autonomy, Dynamic,
and artificial and Aldea (2005) adaptation, unpredictable,
intelligence behavioural driving | resource-
forces (goals/ limited

(Continued)
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Table 4.1 (Continued): Attributes of Reviewed Definitions of Artificial Intelligence & Emotional Intelligence

Article Authors Nature Process Outcomes Context
Engineering Baillie, Toleman and | part of human slow processing speed, | emotionally insufficient
Emotionally Lukose (2003). decision-making options cannot be fully | influenced decision | knowledge,
Intelligent Agents mechanisms explored, short making, problem limited

processing times solving memory

T4
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The inclusion of emotional intelligence must ensure that the Artificial
Intelligence is Holistic and able to move towards similarity and effectiveness of the
use of intelligence in decision making, significantly when data access is reduced, and
processing cannot be conducted quickly.

In order to map the function of empathy into the implementation of a sapient
artificial intelligence, the Al must understand its own existence, and the existence of
other minds. In order to sufficiently meet this criterion in connection with humanity,
the Al must have the capacity to understand that human minds different in their
essential nature from the Al. Human minds experience emotion, which impacts their
thinking and behavior. The capacity for the Al, which does not experience emotions
itself, to meet this criterion requires a central role of empathy. In figure 4.2, the
conceptual interlinkage for how such an Al would such an existence is described. This
figure outlines how humans understand their own existence and how Al can therefore
use similar components to understand the humanity in humans and build an empathy

bridge.

Figure 4.1: Representation of the Proposed Components of Concepts of Emotional

Artificial Intelligence as Reviewed in the Literature

e al Context TR The Periphery is
4 _— e / mainly contextual
/""/ \\'\\ e
- o g \
Process - \
/ ’ / Insufficient \
/ 7 Mechanism Knowledge \
/ y B \ \
[ / Recognition Slow \ \

“ // ) /\ ‘ Processing \\ )
‘ ;
\ | Oneself {Emg

\\ “

/
. - y
Integration /) . . ;
Bee X o The Core is mainly

< Understanding >
s s processual
== T Expression e

S - —
i

1. Problem Solving / Decision making
2. Adaptation -> Behavioral Driving Forces
3. Handling Relationships




27

4.2 Characteristics of Definitions of Emotional Intelligence

While the definitions of artificial intelligence vary more widely in literature
than emotional intelligence, the characteristics below represent the majority reviewed.
Interestingly, multiple definitions are often referenced in the same publication, an
example of this incongruous phenomenon has been included in the review of
definitions among selected papers. These definitions are included in the preliminary
conclusions to indicate, at a high level, the types of emotional intelligence in humans
and those referenced in the EAI derive from similar concepts and attributes, as
illustrated in variety of processes listed in Table 4.1. Drawing from figure 2.1, which
comprehensively maps the components of human emotional intelligence, this section
will further examine these two aspects:

1) “As a vital part of human intelligence, emotional intelligence is
defined as the ability to perceive, integrate, understand, and regulate emotions”
(Mayer & Salovey, 1997; Mayer, Roberts, & Barsade, 2008)

2) Emotional Intelligence (EI) (...) is a kind of intelligence consisting
of a set of 16-20 abilities grouped in 4 general groups labeled as I) perceiving
emotions; 1) integrating emotions in the facilitation of thoughts; 111) understanding
emotions; 1V) regulating emotions. (Salovey & Mayer, 1990)

Emotional intelligence has been studied for centuries, and more agreed-upon
definitions are utilized in research. The widely used definitions include a view of the
basic definition, developed in 1990, and a more detailed reference to more categories
of emotional intelligence, developed in 1997.

While artificial intelligence is defined as a specific part of research in a larger
context, emotional intelligence has been researched specifically to define the concept.

This has likely led to more agreement and consistency in the concept definition.

4.3 Overview of Initial Results

Previously, the concept of emotional intelligence has been excluded from
artificial intelligence due to the erroneous belief that machines cannot be emotionally
intelligent because they are not able to “feel.” However, as shown in these concepts,
the feeling is not accurate and certainly not as refined as regulating, creating, and

understanding.
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Current Artificial Intelligence systems will be unable to recognize, and
discriminate emotions based on these concepts and the current understanding of
training to create these types of Artificial Intelligence.

Further research into the ability to measure and evaluate the Emotional
Artificial Intelligence understanding and including contextual data is necessary to
create more robust and powerful machines in the future. This will ensure the holistic

intelligence necessary to progress in artificial intelligence and emotional intelligence.

4.4 Refined Concepts

Combining the Gerring (1999)’s concepts with the research described herein,
this paper proposed the following path forward. Artificial Emotional Intelligence
should be understood as a necessary but insufficient dimension of Holistic Artificial
Intelligence. HAI should be defined as:

An Artificial intelligence system which is able to recognize, understand,
regulate, and respond to emotions, with human-like understanding of the impact of
its” own actions and learn from the impact of its’ decisions without the direct
intervention of humans.

This new conceptualization allows for connection to the past through the
incorporation of critical attributes from previous artificial intelligence concepts to
further support the progression of the field while also incorporating more
psychological attributes to solidify the expansion of intelligence beyond simple
machine learning or computers to a holistic artificial intelligence with robust

understanding and decision-making capabilities.



CHAPTER 5
DISCUSSION & CONCLUSION

Developing sapient artificial intelligence which possesses the necessary
emotional intelligence to reach holistic artificial intelligence will allow academic and
practitioner communities to move past the Turing test to evaluate if a machine can
achieve sapient understanding instead of merely creating a sufficiently deceptive
approximation. This will also require a new measurement and evaluation framework
built on this concept, which will be explored in further research.

Lastly, this context definition will show the exact mapping of HAI and how it
compares to other types of artificial intelligence, furthering the capacity of the field to

engage in less task-specific and more intelligently complex activities.

5.1 Answer to Research Questions

Research Question 1:

How can emotional intelligence enhance the usefulness of artificial
intelligence applications which focus on customer interactions? Al implementations
which demonstrate sapience will be capable of delivering greatly enhanced user
interactions. In order to achieve this, Al implementations will need to holistically
incorporate emotional intelligence as a necessary but insufficient element. Al will
demonstrate sapience when it can sufficiently utilize empathy to understand the
differences between its sentience and the existence of human minds.

SQ1: What definition of emotional intelligence is most appropriate for
this type of application? The capacity to know one’s emotions, manage emotions,
motivate oneself, recognize emotions in others, and handle relationships are the
necessary will distinguish artificial sentience from artificial sapience.

SQ2: How does the field of artificial intelligence research integrate the
concepts of emotional intelligence? Existing Al definitions do not well integrate the
current research on human emotional intelligence. This paper provides a definition for
integrating artificial emotional intelligence to enable Al to utilize an empathetic
approach to understanding the nature of minds which incorporate emotions in a

holistic manner.
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5.2 Limitations of the Research

Future data review should include a significantly larger set, potentially
beyond the focus of Natural Language Processing or Machine Learning and other,
less rigorously conducted, research that has previously been excluded.

Exploring these concepts has come from a review of the literature. Artificial
Emotional Intelligence is relatively recent, with most research being conducted in the
past three years, drastically limiting the available literature for review.

Integrating definitions of emotional intelligence from psychology, with the
artificial intelligence conceptual framework of technology, would provide a deeper
understanding, validity, and reliability to promote consensus in the field.

Ultimately, the two definitions used for emotional intelligence were selected
after the literature review determined that many researchers analyzing artificial
intelligence and emotional intelligence followed the work of a single group, Salovey
and Mayer (1990), and a specific period, 1990 to 1997.

5.3 Future Research and Next Steps

The rapid development of large language models and generative Al described
in this paper indicate the urgent need to address artificial emotional intelligence. As
implementations draw closer to sentience, and ultimately sapience, Al will play an
ever larger role in economic development, science and commerce. In order to build
appropriate safeguards, and develop implementations of maximal utility, the capacity
to make reasoned decisions, informed by ethics, is of vital importance. Understanding
the existence of other minds, and the role played by emotional intelligence in a sense
of ethics, will be necessary to utilize Al for good. Future research should focus on the
integration of continuing research in the field of human consciousness and the role of
emotion in decision making, with the development of emerging areas of computer

science applications.
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Appendix A

Timeline of Conceptual Development Milestones in Al

1937 Alan Turing points out the limits of intelligent machines with the
halting problem (Turing, 1937).

1943 McCulloch and Pitts model neural networks and make the connection to
propositional logic.

1950 Alan Turing defined machine intelligence with the Turing test and
wrote about learning machines and genetic algorithms (Turing, 1950).

1951 Marvin Minsky develops a neural network machine. With 3000 vacuum
tubes, he simulates 40 neurons. 1955 Arthur Samuel (IBM) builds a learning checkers
program that plays better than its developer (Samuel, 1959).

1956 McCarthy organizes a conference at Dartmouth College. Here the name
Artificial Intelligence was first introduced. Newell and Simon of Carnegie Mellon
University (CMU) present the Logic Theorist, the first symbol-processing computer
program reference.

1958 McCarthy invents the high-level language LISP at MIT (Massachusetts
Institute of Technology). He writes programs that are capable of modifying
themselves.

1959 Gelernter (IBM) builds the Geometry Theorem Prover.

1961 The General Problem Solver (GPS) by Newell and Simon imitate
human thought [NS61].

1963 McCarthy founds the Al Lab at Stanford University.

1965 Robinson invents the resolution calculus for predicate logic [Rob65]
(Sect. 3.5).

1966 Weizenbaum’s program Eliza generates dialog with people in natural
language [Wei66] (Sect. 1.1.2). 1969 Minsky and Papert show in their book
Perceptrons that the perceptron, a very simple neural network, can only represent
linear functions [MP69] (Sect. 1.1.2).

1972 French scientist Alain Colmerauer invents the logic programming

language PROLOG (Chap. 5). British physician de Dombal develops an expert
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system for diagnosing acute abdominal pain [dDLS+72]. It goes unnoticed in the
mainstream Al community of the time (Sect. 7.3).

1976 Shortliffe and Buchanan develop MY CIN, an expert system for
diagnosing infectious diseases, capable of dealing with uncertainty (Chap. 7).

1981 Japan begins, at great expense, the “Fifth Generation Project” to build a
powerful PROLOG machine.

1982 R1, the expert system for configuring computers, saves Digital
Equipment Corporation 40 million dollars annually [McD82].

1986 Renaissance of neural networks through, among others, Rumelhart,
Hinton, and Sejnowski [RM86]. The system Nettalk learns to read texts aloud [SR86]
(Chap. 9).

1990 Pearl [Pea88], Cheeseman [Che85], Whittaker, and Spiegelhalter bring
probability theory into Al with Bayesian networks (Sect. 7.4). Multi-agent systems
have become widespread.

1992 Tesauros TD-gammon program demonstrates the advantages of
reinforcement learning.

1993 Worldwide RoboCup initiative to build soccer-playing autonomous
robots [Roba].

1995 From statistical learning theory, Vapnik develops support vector
machines, which are very important today.

1997 IBM’s chess computer Deep Blue defeats the chess world champion
Gary Kasparov—1Japan's first international RoboCup competition.

2003 The robots in RoboCup demonstrate impressively what Al and robotics
can achieve.

2006 Service robotics has become a central Al research area.

2009 First Google self-driving car drives on the California freeway.

2010 Autonomous robots begin to improve their behavior through learning.

2011 IBM’s “Watson” beats two human champions on the “Jeopardy!”
television game show. Watson understands natural language and can quickly answer
detailed questions (Sect. 1.4).

2015 Daimler premiers the first autonomous truck on the Autobahn. Google

self-driving cars have driven over one million miles and operate within cities. Al
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becomes creative! Deep learning (Sect. 11.9) enables perfect image classification.
Paintings in the style of the Old Masters can be automatically generated with deep
learning.

2016 The Go program AlphaGo by Google DeepMind [SHM+16] beat the
European champion 5:0 in January and Korean Lee Sedol, one of the world’s best Go
players, 4:1 in March. Deep learning techniques applied to pattern recognition,

reinforcement learning, and Monte Carlo tree search led to this success.
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Acrtificial intelligence (Al) systems are software (and possibly also
hardware) systems designed by humans3 that, given a complex goal, act
in the physical or digital dimension by perceiving their environment
High-Level Expert through data acquisition, interpreting the collected structured or
Group on Atrtificial unstructured data, reasoning on the knowledge, or processing the ulajalala ua | a

Intelligence (2019)

information, derived from this data and deciding the best action(s) to
take to achieve the given goal. Al systems can either use symbolic rules
or learn a numeric model, and they can also adapt their behaviour by
analysing how the environment is affected by their previous actions.”
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Al Definition

EC Coordinated
Action Plan on Al,
2018

“Artificial Intelligence refers to systems that display intelligent
behaviour by analysing their environment and taking action — with

some degree of autonomy — to achieve specific goals.”

European Al Strategy:
EC Communication,
Artificial Intelligence
for Europe, 2018

“Artificial intelligence (Al) refers to systems that display intelligent
behaviour by analysing their environment and taking actions — with

some degree of autonomy — to achieve specific goals.”

EC JRC Flagship
report on Al: Artificial
Intelligence. A
European Perspective,
2018

“Al is a generic term that refers to any machine or algorithm that is
capable of observing its environment, learning, and based on the
knowledge and experience gained, taking intelligent action or
proposing decisions. There are many different technologies that fall
under this broad Al definition. At the moment, ML techniques are the

most widely used.”
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Al Definition

Al4Belgium Report,
2019

Reference to the European Al Strategy definition (section 3.1.1.3):
'‘According to the European Commission: “Al refers to systems that
display intelligent behaviour by analysing their environment and
taking actions — with some degree of autonomy — to achieve specific
goals. Al -based systems can be purely software -based, acting in the
virtual world (e.g. voice assistants, image analysis software, search
engines, speech and face recognition systems) or Al can be embedded
in hardware devices (e.g. advanced robots, autonomous cars, drones or

Internet of Things applications).” "

Al National Strategy:

Denmark, 2019

"Avrtificial intelligence is systems based on algorithms (mathematical
formulae) that, by analysing and identifying patterns in data, can
identify the most appropriate solution. The vast majority of these
systems perform specific tasks in limited areas, e.g. control, prediction
and guidance. The technology can be designed to adapt its behaviour

by observing how the environment is influenced by previous actions."
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Al National Strategy: | Unofficial translation: A theoretical and practical interdisciplinary
France. Monitoring field, with objective the understanding of the cognitive and thinking
report, 2019 mechanisms, and their imitation by a material and software device, for | 0 | 0 | 0 u u
assistance or substitution purposes of human activities. The Al
definition used is reported to be the one of Russell and Norvig (1995).
Spanish RDI Strategy | “Al can be defined as the Science and Engineering that allows the
in Artificial design and programming of machines capable of carrying out tasks
Intelligence, 2019 that require intelligence. Rather than achieving general intelligence,
current Al focuses on what is known as specific Al, which is
producing very important results in many fields of applicationsuchas | O [ G [ O [ G | O | O | @

natural language processing or artificial vision; however, from a
scientific and basic and applied research point of view, general Al
remains the major objective to be achieved, that is, creating an

ecosystem with intelligent multitasking systems.”
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"Al has always been envisioned as an evolving boundary, rather than a
settled research field. Fundamentally, it refers to a programme whose
ambitious objective is to understand and reproduce human cognition;
) creating cognitive processes comparable to those found in human
Al National Strategy: _ ] ) _
beings. Therefore, we are naturally dealing with a wide scope here, I ) )
ulda]a U u

France (Villani
Mission), 2018

both in terms of the technical procedures that can be employed and the
various disciplines that can be called upon: mathematics, information
technology, cognitive sciences, etc. There is a great variety of
approaches when it comes to Al: ontological, reinforcement learning,

adversarial learning and neural networks, to name just a few."
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Al National "In highly abstract terms, Al researchers can be assigned to two groups:
Strategy: Germany, | “strong” and “weak” Al. “Strong” Al means that Al systems have the
2018 same intellectual capabilities as humans, or even exceed them. “Weak”
Al is focused on the solution of specific problems using methods from | |
u | ul u

mathematics and computer science, whereby the systems developed are
capable of self-optimisation. To this end, aspects of human intelligence
are mapped and formally described, and systems are designed to

simulate and support human thinking."

Al National
Strategy: Sweden,
2018

"There is no one single, clear-cut or generally accepted definition of
artificial intelligence, but many definitions. In general, however, Al

refers to intelligence demonstrated by machines."
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Report of the "Artificial intelligence refers to devices, software and systems that are
Steering Group of | able to learn and to make decisions in almost the same manner as people.
the Al Programme: | Artificial intelligence allows machines, devices, software, systems and u
Finland, 2017 services to function in a sensible way according to the task and situation
at hand."
Australia’s Ethic "A collection of interrelated technologies used to solve problems
Framework, 2019 | autonomously and perform tasks to achieve defined objectives without U u u
explicit guidance from a human being "
Working Paper for | “Al refers to the ability of machines to perform cognitive tasks like
Al National thinking, perceiving, learning, problem solving and decision making.
Strategy: India, Initially conceived as a technology that could mimic human intelligence,
2018 Al has evolved in ways that far exceed its original conception. With ugfofofaofald
incredible advances made in data collection, processing and computation
power, intelligent systems can now be deployed to take over a variety of
tasks, enable connectivity and enhance productivity.”
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US National “1. Any artificial system that performs tasks under varying and
Defense unpredictable circumstances without significant human oversight, or that
Authorization Act, | can learn from experience and improve performance when exposed to
2018 data sets. 2. An artificial system developed in computer software,
physical hardware, or other context that solves tasks requiring human-
like perception, cognition, planning, learning, communication, or
i

physical action. 3. An artificial system designed to think or act like a
human, including cognitive architectures and neural networks. 4. A set of
techniques, including machine learning that is designed to approximate a
cognitive task. 5. An artificial system designed to act rationally,
including an intelligent software agent or embodied robot that achieves
goals using perception, planning, reasoning, learning, communicating,

decision-making, and acting.”
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OECD, 2019

"An Al system is a machine-based system that can, for a given set of
humandefined objectives, make predictions, recommendations, or
decisions influencing real or virtual environments. Al systems are

designed to operate with varying levels of autonomy."

OECD, 2018

Al can make business more productive, improve government efficiency
and relieve workers of mundane tasks. It can also address many of our
most pressing global problems, such as climate change and wider access
to quality education and healthcare This combination of interdisciplinary
origins, wavering trajectories, and recent commercial success make
"artificial intelligence" a difficult concept to define and measure. The term
itself is used interchangeably both as the still faraway goal of true
machine intelligence and as the currently available technology powering

today’s hottest startups”
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ETSI, 2018

“Computerized system that uses cognition to understand information and
solve problems.” NOTE 1: ISO/IEC 2382-28 "Information technology --
Vocabulary" defines Al as "an interdisciplinary field, usually regarded as
a branch of computer science, dealing with models and systems for the
performance of functions generally associated with human intelligence,
such as reasoning and learning".NOTE 2: In computer science Al research
is defined as the study of "intelligent agents": any device that perceives its
environment and takes actions to achieve its goals.

NOTE 3: This includes pattern recognition and the application of machine
learning and related techniques.

NOTE 4: Artificial Intelligence is the whole idea and concepts of
machines being able to carry out tasks in a way that mimics the human

intelligence and would be considered "smart"
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“Artificial Intelligence (Al) is a term used to describe machines i i i
performing human- like cognitive functions (e.g. learning, understanding,
OECD, 2017

reasoning or interacting). It has the potential to revolutionise production

as well as contribute to tackling

World Economic
Forum, 2017

“Artificial intelligence (Al) is the software engine that drives the Fourth
Industrial Revolution. Its impact can already be seen in homes, businesses
and political processes. In its embodied form of robots, it will soon be
driving cars, stocking warehouses and caring for the young and elderly.

It holds the promise of solving some of the most pressing issues facing
society, but also presents challenges such as inscrutable “black box”

algorithms, unethical use of data and potential job displacement. trust.”
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World Economic
Forum, 2017

As rapid advances in machine learning (ML) increase the scope and scale
of Al’s deployment across all aspects of daily life, and as the technology
itself can learn and change on its own, multistakeholder collaboration is
required to optimize accountability, transparency, privacy and impartiality
to create “Artificial intelligence (Al) or self-learning systems is the
collective term for machines that replicate the cognitive abilities of human
beings. Within the broader technological landscape, predictive

maintenance in the cognitive era has the

ISO, 1993; 1995;
2015

“Branch of computer science devoted to developing data processing
systems that perform functions normally associated with human
intelligence, such as reasoning, learning, and self-improvement”
(2121393: 1SO, Al: term, abbreviation and definition standardized by
ISO/IEC [ISO/IEC 2382-1:1993])
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Tsinghua
University, 2018

“Al machines do not necessarily have to obtain intelligence by thinking
like a human and that it is important to make Al solve problems that can
be solved by a human brain. Brain science and brainlike intelligence
research and machine- learning represented by deep neural networks
represent the two main development directions of core Al technologies,
with the latter referring to the use of specific algorithms to direct
computer systems to arrive at an appropriate model based on existing data
and use the model to make judgment on new situations, thus completing a
behavior mechanism In general, the artificial intelligence we know today
is based on modern algorithms, supported by historical data, and forms

artificial programs or systems capable of perception, cognition,

Kaplan and
Haenlein (2019)

“Artificial intelligence (Al)—defined as a system’s ability to correctly
interpret external data, to learn from such data, and to use those learnings

to achieve specific goals and tasks through flexible adaptation.”
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Source Al Definition

“Artificial intelligence (Al) is the established name for the field we have
defined as computational intelligence (CI), Computational intelligence is
the study of the design of intelligent agents. An agent is something that

acts in an environment—it does something. Agents include worms, dogs,

thermostats, airplanes, humans, organizations, and society. An intelligent
Poole et al., 2017

agent is a system that acts intelligently: What it does is appropriate for its
2010; 1998 J y T PRIop

circumstances and its goal, it is flexible to changing environments and
changing goals, it learns from experience, and it makes appropriate
choices given perceptual limitations and finite computation.”
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“Artificial intelligence, or Al, is the field that studies the synthesis and

analysis of computational agents that act intelligently.
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“There is little agreement about what intelligence is. there is scant reason
to believe that machine intelligence bears much relationship to human
intelligence, at least so far.” )
Kaplan (2016) _ i U
“There are many proposed definitions on Al most are roughly aligned
around the concept of creating computer programs or machines capable of
behavior we would regard as intelligent if exhibited by humans.”
““Intelligence” remains a complex phenomenon whose varied aspects
have attracted the attention of several different fields of study, including
S | psychology, economics, neuroscience, biology, engineering, statistics, and
tone et al.:
linguistics. Naturally, the field of Al has benefited from the progress made a| a|uaj 0 u
Al100, 2016

by all of these allied fields. For example, the artificial neural network,
which has been at the heart of several Al-based solutions was originally

inspired by thoughts about the flow of
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Four categories of Al are presented and eight definitions of earlier
Russell and literature.
Norvig, 2010 (3" | The categories are regarding thought processes, reasoning, human and
ed.); 1995 rational behaviour. For more detailed information please refer to u
subsection 3.2.6.
“...any and all systems that process information must be governed by
specifiable "rules" or procedures that govern what to do with inputs. It
matters not whether it is a nervous system, or the genetic apparatus that
Bruner, 2009 ) ) )
takes instruction from DNA and then reproduces later generations, or
whatever. This is the ideal of artificial
intelligence (Al), so-called.” u
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“It is the science and engineering of making intelligent machines,
especially intelligent computer programs. It is related to the similar task of
using computers to understand human intelligence, but Al does not have
McCarthy (2007) | to confine itself to methods that are biologically observable.”
“Intelligence is the computational part of the ability to achieve goals in
the world. Varying kinds and degrees of intelligence occur in people, u | af 0| d u
many animals and some machines.”
“A biopsychological potential to process information that can be activated
Gardner (1999) in a cultural setting to solve problems or create products that are of value u
in a culture.”
“Intelligence is the ability to process information properly in a complex
_ environment. The criteria of properness are not predefined and hence not )
Nakashima, 1999 u

available beforehand. They are acquired as a result of the information

processing.”
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“Artificial Intelligence (Al), broadly (and somewhat circularly) defined, is
) concerned with intelligent behavior in artefacts. Intelligent behavior, in i )
Nilsson (1998) _ ) _ g o u U
turn, involves perception, reasoning, and learning, communicating, and
acting in complex environments.”
The article introduces in the Al definition the notions of adapting to the
environment, reasoning, learning etc. through a human intelligence
definition, with multiple dimensions, due to biologically inspired
processes.
Neisser, et al. “Individuals differ from one another in their ability to understand complex )
U
(1996) ideas, to adapt effectively to the environment, to learn from experience, to

engage in various forms of reasoning, to overcome obstacles by taking

thought.

Concepts of intelligence are attempts to clarify and organise this complex

set of phenomena.”
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“Any system that generates adaptive behaviour to meet goals in a range of

Fogel (1995) ) _ _ ‘ U
environments can be said to be intelligent.”
Intelligence is “the ability for an information processing system to adapt

Wang, 1995 ) ) o o u
to its environment with insufficient knowledge and resources.”
“...the ability of a system to act appropriately in an uncertain
environment, where appropriate action is that which increases the

Albus (1991) probability of success, and success is the achievement of behavioral u

subgoals that support the system’s ultimate

goal.”

€9




0
G =
o fc |3 $EE|9 202
Source Al Definition 522 |E BER|S R
5.5 |12 |2 8 BSa DS
232 |8 S5S85e 3
- s S5 B Q0 <
>
“Al suffers from a lack of definition of its scope. One way to attack this
problem is to attempt to list some features that we would expect an
intelligent entity to have. None of these features would define
intelligence, indeed a being could lack any one of them and still be
Schank (1991, considered intelligent. Nevertheless each attribute would be an integral

1987)

part of intelligence in its way. They are communication, internal
knowledge, world knowledge, intentionality, and creativity.”
“Al's primary goal is to build an intelligent machine. The second goal is to

find out about the nature of intelligence.”

“Intelligence means getting better over time.”
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“The goal of artificial intelligence (A.1.) is machines more capable than
humans at solving problems and achieving goals requiring intelligence.
There has been some useful success, but the ultimate goal still requires
major conceptual advances and is probably far off.
McCarthy (1988) | There are three ways of attacking the goal. The first is to imitate the u

human nervous system. The second is to study the psychology of human
intelligence. The third is to understand the common sense world in which
people achieve their goals and develop intelligent computer programs.
This last one is the computer science approach.”
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Al “seeks to produce, on a computer, a pattern of output that would be
considered intelligent if displayed by a human being”.
Schlinger (1992) mentions that this book also refers that “Al is viewed as
a way of testing a particular theory of how cognitive processes might
work. That theory is the popular information-processing model of
Gardner (1987) cognition. Where Al researchers disagree, according to Gardner, is how u

literally to interpret the thinking metaphor. For example, some take what
John Searle calls the "weak view" of Al, wherein computer programs are
simply a means for testing theories of how humans might carry out
cognitive operations. The weak view of Al is synonymous with modern

cognitive psychology.”
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Gardner, 1983

“Artificial intelligence is commonly defined by referencing definitions of

human intelligence, as in Minsky’s definition.

In contrast to the standard approach of measuring one kind of intelligence
(as in standard 1Q tests), Gardner (cognitive scientist) offers an eight-
dimensional definition to disentangle the oversimplification of

intelligence’'s measurement.

In particular, he proposed multiple conceptions of intelligence, not only
logical- mathematical, linguistic, but also spatial, musical, bodily-

kinaesthetic, personal.”

Newell and Simon,

1976

“By “general intelligent action” we wish to indicate the same scope if
intelligence as we see in human action: that in any real situation behavior
appropriate to the ends of the system and adaptive to the demands of the

environment can occur, within some limits of speed and complexity.”
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_ Al is “the science of making machines do things that would require )
Minsky, 1969 ) ) ) u
intelligence if done by men”.
The author, one of the founding father of Al, proposes that common sense
reasoning ability is key to Al.
McCarthy (1959) | “A program has common sense if it automatically deduces for itself a u
sufficiently wide class of immediate consequences of anything it is told
and what it already knows.”
“..every aspect of learning or any other feature of intelligence can in
principle be so precisely described that a machine can be made to simulate
it. An attempt will be made to find how to make machines use language,
McCarthy, et al., form abstractions and concepts, solve kinds of problems now reserved for )
U

1955

humans, and improve themselves.
the artificial intelligence problem is taken to be that of making a machine
behave in ways that would be called intelligent if a human were so

behaving.”
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Statista (2017 cited | “Artificial Intelligence (Al) essentially refers to computing technologies
in European that are inspired by the ways people use their brains and nervous systems ua |0 u
Union, 2020) to reason and make decisions, but typically operate quite differently.”
Acrtificial intelligence (Al)—defined as a system’s ability to correctly
Andreas Kaplana | . _ | ) )
interpret external data, to learn from such data, and to use those learnings | 0 | U u u

Michael Haenleinb

to achieve specific goals and tasks through flexible adaptation

Michael Haenlein,

Andreas Kaplan

This introduction to this special issue discusses artificial intelligence (Al),
commonly defined as “a system’s ability to interpret external data
correctly, to learn from such data, and to use those leanings to achieve

specific goals and tasks through flexible adaptation.”
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Artificial intelligence is a branch of computer science- a discipline to
) ) study machine intelligence, - that uses artificial methods and techniques
Shi Zhongzhi o ) _ _ ¢ U
for developing intelligent machines or intelligent systems to emulate,
extend and expand human intelligence and realize intelligent behavior
Artificial intelligence (Al) is usually defined as the science and
engineering of imitating, expanding and augmenting human intelligence u
Shi Zhongzhi through artifical means and techniques to make intelligent machines.
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