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Abstract

The paper proposes a novel cognitive architecture (CA) for computational creativity based on
the Psi model and on the mechanisms inspired by dual process theories of reasoning and
rationality. In recent years, many cognitive models have focused on dual process theories to
better describe and implement complex cognitive skills in artificial agents, but creativity has
been approached only at a descriptive level. In previous works we have described various mod-
ules of the cognitive architecture that allows a robot to execute creative paintings. By means of
dual process theories we refine some relevant mechanisms to obtain artworks, and in particular
we explain details about resolution level of the CA dealing with different strategies of access to
the Long Term Memory (LTM) and managing the interaction between S1 and S2 processes of the
dual process theory. The creative process involves both divergent and convergent processes in
either implicit or explicit manner. This leads to four activities (exploratory, reflective, tacit,
and analytic) that, triggered by urges and motivations, generate creative acts. These creative
acts exploit both the LTM and the WM in order to make novel substitutions to a perceived image
by properly mixing parts of pictures coming from different domains. The paper highlights
the role of the interaction between S1 and S2 processes, modulated by the resolution level
which focuses the attention of the creative agent by broadening or narrowing the exploration
of novel solutions, or even drawing the solution from a set of already made associations. An
example of artificial painter is described in some experimentations by using a robotic platform.
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Introduction

Cognitive architectures (CA) are inspired by functional
mechanisms of human brain, and the various models
proposed in literature (Goertzel, Lian, Arel, de Garis, &
Chen, 2010) try to define the necessary modules to emulate
the complex interactions among perception, memory,
learning, planning, and action execution. These modules
influence the external behaviors of agents and their interac-
tions with humans.

Among the many high-level cognitive abilities, creativity
could be the one that allows to investigate new solutions or
improvements for cognitive architectures for various
reasons. Creativity is a component of human intelligence
that cannot ignore external influence, given that its mecha-
nisms of association, analogy, and composition strongly
depend on some evaluation processes (Boden, 1998). To
give a definition of what is creativity is difficult, as well as
for intelligence, and it is easier to focus on the final product
of the creative process.

Various attempts were made to formalize the artificial
creativity (named also computational creativity) (Colton,
Pease, & Charnley, 2011; Goel et al., 2011), to define
methodologies and to establish metrics of creativity
(Galanter, 2012). Computational creativity focuses on
computational systems capable to create artifacts and
ideas. Artificial creativity heavily introduces both internal
and external evaluations, and it focuses on the creation of
an outcome or a process with a certain degree of innovation
and invention, and capable of arousing emotions.

Many architectures have been proposed in order to
tackle the problem of computational creativity. For exam-
ple, a cognitive model for creativity has been proposed in
Gabora (2002) with the aim of explaining the cognitive
transformations that occur as the creative process is
triggered and proceeds. In this model, after an initial,
intuitive, phase which triggers an information retrieval
process from memory, there is an analytical phase
characterizing a focused form of thought which analyzes
relationships of cause and effect. Two key points of this
model are the variable focus of attention and the
associative memory. In particular, the variable focus of
attention, while pointing the basic idea, also collects
other concepts that are parts of the stream of thought.
Furthermore, by means of associations between different
concepts and completion mechanisms, new and surprising
results can emerge (Bogart & Pasquier, 2013). This kind of
creative process can be bound to the process that Boden
calls combinatorial creativity, which is related to making
unusual combinations, either consciously or unconsciously
generated, of familiar ideas (Boden, 2009).

Cognitive architectures allow software to deal with prob-
lems that require contributions from both cognitive science
and robotics, in order to achieve social behaviors which are
typical of the human being. As a matter of fact, cognitive
architectures represent the infrastructure of an intelligent
system that manages, through an appropriate knowledge
representation, the process of perception, recognition,
categorization, reasoning, planning and decision-making
(Langley, Laird, & Rogers, 2009).

It is a great open challenge to be able to integrate into
cognitive architectures all the aspects relating to language,
emotions, abstract thought, creativity and so on. Probably,
the main difficulties are due to the management of the
internal representation of the external world, and the
ability to efficiently update these models through the inter-
action with the outside world.

Several cognitive models of the human mind can find
common ground and experimental validation by using huma-
noid agents. To achieve an advanced human-robot interac-
tion, many researchers have developed cognitive systems
that consider sensory, motor and learning aspects in a
unified manner.

In a wider perspective, the mental capabilities (Vernon,
Metta, & Sandini, 2007) of artificial computational agents
can be directly introduced into a cognitive architecture or
emerge from the interaction of its components. Many
approaches have been presented in the literature, ranging
from cognitive testing of theoretical models of the human
mind, to robotic architectures based on perceptual-motor
components and purely reactive behaviors (Cai, Goertzel,
& Geisweiller, 2011; Goertzel et al., 2010; Langley et al.,
2009).

Various cognitive architectures have some mechanisms
of self-evaluation that can enable the comparison of
expected results with those obtained. However, it is nec-
essary to capture external evaluation (e.g. feedbacks
from users) in order to introduce creativity modules that
can truly affect the creative process (Goel & Rugaber,
2015).

Jordanous (2012) indicates 14 key components to take
into account in order to deal with creativity, and some of
them could be partially considered in various components
of a CA: dealing with uncertainty, intention and emotional
involvement, generation of results, domain competence,
originality, social interaction and communication, variety,
divergence and experimentation, value, evaluation. Other
factors are more difficult to manage, requiring more inves-
tigation and better definition for real implementation:
active involvement and persistence, general intellectual
ability, progression and development, spontaneity and
subconscious processing, independence and freedom,
(abstract) thinking. Being capable to tackle at least some
of these parameters can lead to the realization of an
embodied artificial agent able to interact with humans
and the environment, capable to produce a creative
processes or creative acts trough a given cognitive
architecture.

Currently, cognitive architectures have had little impact
on real-world applications and a limited influence in
robotics. The aim and long-term goal is the detailed
definition of the Artificial General Intelligence (AGI)
(Goertzel & Pennachin, 2007), i.e. the construction of
artificial systems that have a skill level equal to humans in
generic scenarios.

Along with these considerations, in previous works
(Augello, Infantino, Pilato, Rizzo, & Vella, 2013b) we pre-
sented the possibility of embedding some mechanisms of
computational creativity (Boden, 2009; Colton, López de
Mantaras, & Stock, 2009) within cognitive architectures
(Goertzel et al., 2010; Langley et al., 2009). We identified
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