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Richard Murdoch Montgomery
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Abstract: This article explores the intricate dynamics of complexity and emergence through the lens of a
graphical model representing hippocampal functions. Utilizing a series of overlapping curves that intersect at
varying degrees and frequencies, we create a visual metaphor for the sophisticated processes to store
information observed in the hippocampus. This model not only depicts the spatial and frequency-related
interactions of these curves but also illustrates the emergent patterns that arise from these interactions. These
patterns exemplify the principles of complexity and emergence, where the collective behavior of simple
elements results in intricate and unexpected outcomes. This graphical representation serves as a bridge
between the abstract mathematical concepts of complexity theory and the tangible biological processes
observed in neuroscience. By drawing parallels to the hippocampus, known for its role in memory formation
and spatial navigation, the article sheds light on how complex systems, such as neural networks, exhibit
properties that are more than just the sum of their parts. The model thus offers a unique perspective on
understanding complex systems, not only in neuroscience but in broader scientific inquiries where complexity
and emergent phenomena are pivotal.
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Introduction

The convergence of art and science plays a pivotal role in elucidating complex data for a variety
of audiences in the realm of data visualization and graphical representation. The field, rich in its
diversity and applications, spans multiple disciplines, drawing on principles from design,
perception, and statistical analysis to effectively communicate and interpret data [1-3]. Foundational
works in this field provide a comprehensive understanding of the techniques, practices, and
principles underlying effective data visualization [4-8].

The hippocampus, a key component of the brain located in the medial temporal lobe, plays a
crucial role in various cognitive functions, particularly in memory formation and spatial navigation
[9-11]. Its unique structure and function have made it a focal point of neuroscience research. The
hippocampus is integral to the formation of new memories and the consolidation of information from
short-term to long-term memory [12-14]. It is also essential for spatial memory and navigation,
containing specialized cells such as place cells, which become active in specific physical locations,
forming a cognitive map of the environment [15-17].

Drawing upon insights from various scientific studies, the process of memory acquisition in the
hippocampus can be understood as a multi-faceted and complex phenomenon [18-20]. The
hippocampus begins the memory acquisition process by encoding incoming sensory information and
acts as a 'sorting center' where the brain decides what is important enough to be remembered [21].
The generation of new neurons in the hippocampus, known as neurogenesis, is believed to be crucial
for the formation of certain types of memories [22]. The hippocampus also interacts with other parts
of the brain, such as the amygdala for emotional memories and the prefrontal cortex for decision-
making and memory retrieval [23].

Methodology and Results

The exact mechanism the hippocampus uses to achieve its functions is only beginning to be
uncovered. This article presents a graphical model of how information can be stored in multiple
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angles and, by its complexity, provoke the phenomenon of emergence, which is much more than its

constituent parts.
The graphs in Figures 1-8 represent a small part of a highly theoretical simplified model of chains

of neurons that have spatial structure topology between them and time frequency as a method of
storing information. The graphs show a sequence of similar brain waves separated by progressively
smaller angles (120, 60, 30, and 15 degrees) and with varying phase shifts and frequencies.

3D Representation with Curves Crossing in Same Plane at 120 Degrees Separation
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Figure 1. The revised graph now accurately represents the waves crossing in the same plane, separated by 120
degrees. This configuration creates a radial pattern with three groups of curves, each set radiating out from the
central point in the plane and intersecting in a symmetrical manner. The different colors for each set of curves
enhance the visual distinction, illustrating the 120-degree separation between each group.

3D Representation with Six Curves Crossing in Same Plane at 60 Degrees Separation
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Figure 2. The updated graph now includes six sets of curves, with each set crossing the others in the same plane
at 60-degree intervals. This arrangement creates a more complex radial pattern, where the groups of curves form
a symmetrical, intricate design in the plane. The use of different colors for each set of curves helps in

distinguishing them, emphasizing the 60-degree separation and the intersection points.
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3D Representation with Twelve Curves Crossing in Same Plane at 30 Degrees Separation

100
75
50
25

o
Z Axis

=25
=50
-75

—100

50
X 4y 100

—-0.04

150

200

Figure 3. The graph now features twelve sets of curves, each crossing the others in the same plane at 30- degree
intervals. This configuration creates a highly intricate radial pattern, with the groups of curves forming a dense,
symmetrical design. The different colors for each set of curves highlight the complexity and the precision of the
30-degree separation, enhancing the visual impact of their intersections.

3D Representation with Twenty-Four Curves Coupled in Different Phases
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Figure 4. The graph now includes twenty-four sets of curves, each crossing the others in the same plane at 15-
degree intervals. This arrangement results in an even more complex radial pattern, with the groups of curves
forming an extremely dense and symmetrical design. The use of different colors for each set of curves further
accentuates the intricacy of the 15-degree separation, showcasing the detailed intersections in this visually rich

3D space.
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3D Representation with Twenty-Four Curves Crossing in Same Plane at 15 Degrees Separation
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Figure 5. The graph has been adjusted to show the twenty-four sets of curves coupled in different phases. The
phase shift applied to each curve results in a variation in the pattern, adding a new dimension to the radial
arrangement. This phase variation creates a dynamic and visually striking pattern, where the symmetrical design
is maintained but with a noticeable shift in the waveform of each curve, enhancing the complexity and aesthetic
appeal of the 3D representation.

3D Representation with Twenty-Four Curves Coupled in Quarter Phases
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Figure 6. The graph now displays the twenty-four sets of curves with each set coupled in quarter phases. This
quarter phase shift (45 degrees) adds a subtle but distinct variation to each curve within the radial pattern. The
phase shift creates a unique wave pattern for each curve, contributing to an intricate and layered visual effect. This
complexity enhances the overall aesthetic of the 3D representation, demonstrating the dynamic nature of phase

relationships in a visually engaging manner.
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3D Representation with Twenty-Four Curves at Doubled Frequency
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Figure 7. The graph now shows the twenty-four sets of curves with their frequencies doubled. This ad- justment
results in a more rapid oscillation pattern for each curve, leading to a denser and more intricate waveform within
the radial layout. The effect of the doubled frequency is visually striking, creating a complex and detailed pattern
that enhances the depth and dynamism of the 3D representation.

3D Representation with Twenty-Four Curves at Four Times the Original Frequency

Figure 8. The graph now features the twenty-four sets of curves with their frequencies increased to four times
the original. This further amplification of the frequency results in an even tighter oscillation pattern for each
curve, creating a highly detailed and compact waveform within the radial layout. The effect of this increased
frequency is visually intricate, producing a complex and layered pattern that significantly enhances the depth
and visual interest of the 3D representation.

Figure 1 shows the waves crossing in the same plane, separated by 120 degrees, creating a radial
pattern with three groups of curves. Figure 2 includes six sets of curves, with each set crossing the
others at 60-degree intervals, forming a more complex radial pattern. Figure 3 features twelve sets of
curves crossing at 30-degree intervals, resulting in a highly intricate radial pattern. Figure 4 includes
twenty-four sets of curves crossing at 15-degree intervals, creating an extremely dense and
symmetrical design.

Figures 5 and 6 demonstrate the effect of phase shifts on the patterns, with the curves coupled
in different phases and quarter phases, respectively. Figures 7 and 8 show the impact of increasing
the frequencies of the curves, resulting in more rapid oscillation patterns and highly detailed
waveforms.
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Discussion

The exploration of the hippocampus and its role in memory acquisition provides profound
insights into one of the most intricate aspects of human cognition. The hippocampus's dual role in
encoding sensory information and consolidating memories positions it as a critical gateway in the
memory formation process [24]. The presence of specialized cells like place cells and grid cells within
the hippocampus underscores its role in spatial memory and navigation [25].

The ongoing neurogenesis in the hippocampus echoes the sentiments regarding the evolving
nature of graph representations [26,27]. The hippocampus's interaction with other brain regions, such
as the amygdala for emotional memories, parallels the multi-faceted approach to data visualization
[28]. The concept of synaptic plasticity in the hippocampus, where the strengthening or weakening
of synapses underlies memory encoding and storage, reflects the principles in data science and
visualization, where flexible and dynamic models are key to accurate representation of information

[29].

Conclusions

The exploration of the hippocampus reveals intricate processes that are fundamental to memory
formation, consolidation, and retrieval. This journey into understanding the hippocampus not only
illuminates the complexities of the human brain but also mirrors broader principles applicable across
various fields, including data visualization and information science.

The study of the hippocampus transcends the boundaries of neuroscience, offering valuable
insights into the fundamental nature of information processing, storage, and retrieval, as the
sequence of graphs shows. It showcases the interconnectedness of various disciplines and
underscores the need for a holistic approach to understanding complex systems. As research
continues to unravel the mysteries of the hippocampus, it not only enhances our comprehension of
the human brain but also provides guiding principles for fields as diverse as artificial intelligence,
psychology, and data science, demonstrating the interconnectedness and universality of knowledge.

*The Author claims no conflicts of interests.
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