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ABSTRACT

Cognitive robotics is an interdisciplinary field focused on endowing robots with cognitive capabilities,
enabling adaptive and rational behavior in human environments. This paper explores the intersection of
cognitive robotics and human-robot interaction (HRI), delving into key concepts, theories, and
technologies that drive these fields. The discussion spans the historical evolution of HRI, foundational
components, cognitive architectures, and the significance of social and emotional intelligence in robots.
Future challenges and research directions are also addressed, emphasizing the need for more naturalistic
and human-like interactions. This comprehensive analysis aims to provide a deeper understanding of
cognitive robotics and its implications for developing effective and ethical HRI systems.

Keywords: Cognitive Robotics, Human-Robot Interaction (HRI), Cognitive Architectures, Adaptive
Behavior, Social Intelligence.

INTRODUCTION
Cognitive robotics is an expansive, multifaceted, and multidisciplinary domain that attempts to provide
mechanisms for robots of the future that will be capable of adaptive rational behavior in human
environments. Human-robot interaction (HRI) is a subdiscipline of cognitive robotics that encompasses
combining aspects of robotics, artificial intelligence, psychology, and philosophy. As such, it is both an
empirical human science and a normative one, encompassing both the study of human cognition and its
underlying inputs and outputs, along with the evaluation of the study's data and the assumptions upon
which the beliefs or assumptions are based. Such a blending of philosophical speculation and psychological
experimentation necessitates the inclusion of a section that sets out the principles of the theories and
interpretation being explored elsewhere [1, 27. In this review, we will explore some of the concepts and
theories relevant to cognitive robotics and human-robot interaction, not all of which originate from
Anglo-European traditions of philosophy and psychology, and which present approaches that might be
given support, although controversially, respectively by other traditions including those arising from
process philosophy and radical behaviorism. The subsequent this review will explore the scope of
cognitive robotics and its implications for the design of HRI systems, discussing how the nature of such
robotics will force us to fundamentally rethink our stance on such issues as agency and developing an
appropriate conception of workable moral cognition [37].
DEFINITION AND SCOPE

While no singular definition of cognitive robotics exists, the general consensus is that cognitive robotics
deals with robotic systems that make use of the knowledge from cognitive science in order to endow the
robots with cognitive capabilities. Another way to think about cognitive robotics is to consider it to be
robotics from a particular viewpoint—or a certain way of thinking about, designing, and constructing
robotic systems, and programming them—using ideas and principles that are relevant to cognition.
Cognitive robotics also has a special focus on interaction, a defining aspect of perception and action, which
makes the field unique and technique-development oriented. In interacting with humans or other robots,
cognitive robots are generally assumed to be open systems that must interpret and reason about their
limited interpretation from imperfect perception. The expansive nature of cognitive robotics means that it
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forms a hub around which many disciplines orbit [47. [57] and [6], have characterized cognitive robotics
as dealing with artificial organisms, situated in complex and dynamic environments of all kinds, designed
to reason explicitly about the distinctive tenets and methods of the three views—perceptual, technical,
and embodied—that together constitute the endeavor. Thus, in cognitive robotics, a robot is an embodied
autonomous agent—‘-embodied’ in the sense that it is situated in, and interacts with, its world via
mechanical and computational means. It is ‘autonomous’ in the sense that it operates as a free agent in the
space it occupies, limited only by its physical and computational capabilities, the architecture of its
computation, and assorted ethical guidelines—both those imposed by the environment in which it
interacts and those imposed by human designers.
KEY CONCEPTS AND THEORIES
Cognitive robotics, situated robotics, cybernetic systems theory, multi-modal perception, integrative
multi-modal representation, reinforcement learning, integration of world and expertise knowledge [5, 6.
INTRODUCTION
The principal relationship discussed in this article can be understood in terms of the theoretical, practical,
and phenomenological import of cognitive robotics for human-robot interaction. Before my analysis
begins in the next subsection, it is, however, important to unlock or expand some of the key concepts and
some of the theories influencing the key concepts that are referred to. In carrying this out, I shall
demonstrate the importance of the latter to this article, i.e., the above [7, 87. In discussing the latter here,
some preliminary insights will also be provided. Some possible contributions of the article are also
indicated. Despite these indications, these broader questions will only be answered systematically in what
follows. Indeed, the ultimate aim of this article is to provide an extensive analysis of what it takes to
understand cognitive robotics and, on this basis, to get to the bottom of the relevance of human-robot
interactions in general and the practical import for the aforementioned theoretical characteristics or
phenomena [97].
FOUNDATIONS OF HUMAN-ROBOT INTERACTION
Human-robot interaction is concerned with the interaction between humans and robots. In recent years,
the HRI research community has spread in the field of cognitive robotics. Earlier work in the area of
human-robotic interaction was carried out mostly by the robotics community and dealt with investigating
safety, communication modalities, social behavior, and interfaces. To formalize the question about the
fundamentals of HRI in the field of cognitive robotics, it is useful to speculate on the coupling between
robots and humans within a broader historical context [10, 117. Various ingredients ought to be revisited
to understand the foundations of HRI in the context of cognitive robotics. We look back at some
developments and technologies framed in boundaries spanning from adaptive-dynamic controls and
human motor behavior to interfaces for man-machine communication. These periodic revisions give us
some insights that are relevant for a foundational discussion about HRI. Neuroscience representation
clarifies brain functioning touching on specific interests (the role of the cerebellum in motor learning).
The advent of interactive contexts has drawn attention to couplings that are typical of the social
environments based on interaction. The expansion of technology includes brain-computer interfaces,
tools able to read signals from the gray matter and translate them into control signals. In the quest for
augmentive and assistive devices, robotic technologies have taken a special role because of possibilities
and issues connected to their use by human beings [127].
HISTORY AND EVOLUTION
Human-Robot Interaction (HRI) — "the study of interactions between humans and robots" — is a direct
evolution of human-computer interaction (HCI). Butler (2001), when reflecting on human-robot
interaction, stood on the shoulders of all HCI research and practice, thus joining the rich forty-year
tradition of research in this field. This historical sketch shall give a brief overview of the evolution of
HRI, covering different perspectives, applications, and understanding of human-robot relationships and
investigations with varying foci. This might support an understanding of why and how a certain type of
HRI "is about to happen". A plethora of discussions around differences and similarities between virtual
agents, social agents, and robots will be left out of this article. It should suffice to say that the rich body of
work investigating the differences between these agents is also based on related discussions from HCI
[187]. When one looks at the literature of HRI, a variety of different terms and goals appear to have
played a role in the genesis of the field. There are references to robots, interfaces, social agents,
interactive systems, virtual agents, avatars, and tele-operated systems. Thus, there is no clear-cut
beginning, no undefined point where "the HRI" started. There was, however, one particular robot that
drew a great deal of attention and considerably pushed forward the HRI field: Kismet. Launched in the
late 1990s, this sociable robot could engage in a form of "facial motion and gaze coupling” and was
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praised by many researchers from a variety of disciplines. Kismet was followed by a sequence of many
other robots with elaborated human-like motricity, an artificial skin with tactile abilities, emotion
classification abilities, brain-like cognitive functions, and morpho-functional features. These successes in
terms of funding, hardware, software, and techniques led to countless investments and debates. Kismet
piqued the imagination of many researchers and helped to depict some of the future directions of this new
field [147.
KEY COMPONENTS AND TECHNOLOGIES
Development of robots has been driven by fundamental mechatronics technologies such as motor control
and integration, as well as the structure of walking mechanisms, including sensors and decision-making
functions. These technologies have now reached a very high level of sophistication. Individuals or teams
of researchers interested in developing robots for use with and by humans have begun to work on the
cognitive capabilities necessary for effective interaction with humans. To provide a clear understanding of
the potential applications of these machines in response to society's increasing needs, we will take a closer
look at some of the core components and technologies. In particular, we will highlight examples of
existing commercial products currently used by individuals who require assistance in daily life and care
settings [15]. Future robotic systems require the ability to act autonomously in the environment and
dynamically integrate sensed information with the ability to perform useful tasks within that
environment. In addition to operating in dynamic and uncertain environments, robots must also be able
to act safely and coexist in human-occupied areas while performing tasks. There are several key
technologies that support these principles for future robotic devices in human-robot interaction (HRI).
Some of these technologies are new and still in development, while others have been in development for
some time and have a mature body of work. In supporting HRI, we are particularly interested in the
ability of robots to operate in dynamic and uncertain environments. Therefore, the following areas are
highlighted as particularly important for HRI applications [167].
COGNITIVE ARCHITECTURES IN ROBOTICS

Cognitive architectures researchers emphasize that biologically inspired models and available
technologies have radically different competences. The knowledge of 8D environments and objects and
the actual robotic actions in a realistic time are still large problems without a universally accepted
solution. These and other problems are addressed by cognitive architectures. The International
Conference on Cognitive Modeling (ICCM) is the main forum for assessing the latest results of cognitive
architectures based on computational simulations, which can be used in robotics and assist human
operators in the control of complex systems [177. In robotics, cognitive architectures have been actually
implemented in physical robots or in humanoids too. Cognitive architectures organize their main topics
and methods in the development of physically and socially embedded agents, as shown in a short list in
the first paragraph. In this article, we survey these architectures, indicating the main elements of the
architectures and examples of their implementations in robots. We refer as examples to the works
presented in the sections with the following architectures' names: CAM-Brain architecture, PsychSim-
Extract architecture, Meta-Cognitive Control architecture, Distributed Cognitive Robotics (DCR)
architecture, Minimally Cognitive Model (MCM) architecture, BICA Competitions Cognitive Models

r1s].
OVERVIEW OF COGNITIVE ARCHITECTURES
Cognitive architectures encompass general control mechanisms for coordinating basic activities of a
complete intelligent agent, such as perception, memory, learning, reasoning, decision, and action, from
low-level to high-level functions. In this way, these models furnish internal representations that mirror
the real external world, in some way. These representations allow the robot to perform forward inference
in virtual simulations of the real world. The common denominator of those control systems is that they
implement some sort of information processing model. Besides this, this information processing is
coordinated according to a generic scientific model with several anatomical layers [ 197. The organization
of cognitive architectures relies on the intricate structure of the human brain. It involves reverse
engineering the brain's processing and organization through the abstraction of neurons. These processing
nodes receive, manage, and process inputs, forwarding the results to other nodes. The brain's network of
interconnected nodes allows for adaptation and learning, forming connections to properly execute
correlations and make decisions. This adaptability is a biological foundation for human cognition [207.
APPLICATIONS IN ROBOTICS

The prime application areas for cognitive architectures in general, as deployed in robots, are in the field of
human-robot interaction (HRI) and multi-robot systems. Cognitive architectures find applications in
companion robots taking care of children, elderly or sick individuals, in entertainment robots (museum,

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Page | 3



edutainment systems, humanoid robots, robotic toys, etc.), in organizations (simulation for training threat
recognition, rehearsal of crisis management), and in everyday use (smart home systems, embedded in
mobile phones, etc.). Cognitive architectures can be a part of systems that enhance the capabilities of
robots, such as robots for health monitoring, in disaster-devastated areas, in agriculture, for precise
surgery and diagnostics. Furthermore, similar systems can be used for the development of service
applications, for example by incorporating robots in supermarkets, as tour guides, as virtual assistants,
etc [217. Cognitive robotics aims at enhancing robotic systems with multiple cognitive abilities in order
to obtain intelligent behavior, to allow these systems to perform tasks without human intervention, and
to adapt to changing environments. Adaptation, reactivity, and autonomy are particularly interesting
aspects of cognitive systems, which can be achieved if a robot is embedded in a cognitive architecture that
grounds reasoning on task context and is capable of dealing with incomplete and uncertain information.
Cognitive robotics also strives to model the interaction and collaboration process with human partners,
Le. to enable human-robot interaction, and because of its generality and adaptability, can establish
communication between disparate robot systems thus enabling multi-robot cooperation. Cognitive
robotics offers a way of designing robot architectures that support a range of application scenarios, as
well as the domain-independent 'pure' robotics research problem [227.
SOCIAL AND EMOTIONAL INTELLIGENCE IN ROBOTS
One of the most fascinating aspects of human-robot interaction is the existence of social and emotional
intelligence-related aspects in robots. Until relatively recently, social and emotional intelligence was not
considered important when it came to creating artificial embodied systems. The idea was to build
machines that were 'intelligent' but without social skills or emotional capabilities. Whether this was
because such capabilities were not amenable to computational modeling or whether they were considered
unnecessary is not very clear. What is interesting is that since the mid-1990s, there has been an upsurge
in interest about how social and emotional intelligence in robots could be realized and whether such
intelligence would need to be simulated or genuine for effective human-robot interaction. This has serious
and profound ramifications for human-robot interaction if proven [237. An important problem in
conceptualizing social and emotional intelligence in robots is to delineate what these terms mean in the
setting of an artificial being and potentially inside an "in-theory" framework. The problem is how these
might be reflected in a robotic artifact or even in a computer-generated character. For instance, can these
concepts extend to behavior alone, or should they take into account the process and the stance or indeed
the subjective levels? We have vaguely identified three levels empirically theorized: (1) (in terms of
behavior in-the-flesh) the instantaneous, (2) the iterated, and (3) the interoceptive [237].
CHALLENGES AND FUTURE DIRECTIONS
Cognitive robotics and human-robot interaction share commonalities concerning the seamless
integration, representation, and processing of information representing perceptual and cognitive
capabilities in robots. In this work, we provide taxonomies and refer to existing architectures that are
well tailored to deal with some of these problems. We identified numerous problems which may affect the
integration and operation of architectural fusion mechanisms when applied to real robotic systems. One
open question lies in how to visualize and manage the great amount of knowledge and the sophisticated
logical elaboration which could be present at the behavior description level [247]. However, we are still
far from naturalistic, friendly, and really exploitable interaction and personalization. Autonomous,
intelligent, anthropomorphic robots can evoke concern about the psychological, physical, envelope, and
impact security risks related to their use. Currently, a combination of incompleteness, incorrectness,
inconsistency, and domain specificity of KRR-based and situation-specific representation and reasoning
also limits full exploitation with cognitive human-robot systems. Moreover, if research in the field of
neuroscience and cognition underlines how many aspects of the human way of relating to the world are
unconscious, originated and mainly directed by emotions but then consciously rationalized or expressed, a
challenge— from a human- and presumably in extension robot-centered perspective—will be to develop
robots with a really "human-like" behavior, that is autonomously generated and executed. Whether or not
such an open challenge can be effectively addressed poses future research questions for the field of
cognitive robotics [257].
CONCLUSION
Cognitive robotics and human-robot interaction are pivotal in advancing the capabilities of autonomous
systems in human environments. The integration of cognitive architectures and the focus on social and
emotional intelligence represent significant strides toward creating robots that can interact seamlessly
and naturally with humans. Despite these advancements, challenges remain in achieving truly human-like
behavior, ethical considerations, and the effective handling of incomplete and uncertain information.

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Page | 4



Future research must address these challenges, striving for more sophisticated and human-centric robotic

systems. This ongoing evolution will redefine our understanding of agency, interaction, and morality in

the context of robotics, paving the way for more intuitive and beneficial human-robot collaborations.
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