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This volume, “Navigating Complexity in Big History—Exploring Periodization 
Across Cosmic and Biosocial Dimensions” explores the aspects and proposals for 
periodization of Big History. This includes considering cross-cutting aspects of 
measuring complexity (e.g., energy, information, or a combination), considering 
different mechanisms of natural selection, developing a set of criteria to base the 
evaluation of frameworks, and considering how this periodization might inform our 
perspectives on the future. 

In the chapters of this volume, periodizations were examined from different angles. 
As regards those periodizations, the chapters of this volume may be subdivided 

in the following way: 

1. Criteria and Methodology

• “Comparing and Contrasting Big History Periodization Approaches” (Solis & 
LePoire, 2025, this volume);

• “Some Possible Methodological Ideas for Periodizing Big History” (Grinin & 
Korotayev, 2025) in this volume;

• “Theorizing in Big History: What we are learning” (Aunger, 2025, this  
volume): this is a review of different approaches; however, Robert Aunger 
presented his own rather rigorous periodization of the Big History elsewhere 
(Aunger, 2007). 

2. Frameworks and Periodizations
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• “Comparing and Contrasting Big History Singularity Trends of the Big 
Bang and Terrestrial Evolution” (Korotayev, 2025, this volume): within the 
proposed periodization, the whole course of the Big History is subdivided into 
three eons identified on the basis of the complexity growth pattern that is char-
acteristic for the respective eon; each eon is subdivided into eras identified on 
the basis of the complexity growth driver that was typical for the respective 
era; and, finally, each era is subdivided into epochs identified on the basis of 
the highest level of complexity achieved within the respective epoch.

• “A Simple, Compatible, and Extensible Big History Framework and Peri-
odization Based on Previous Findings” (LePoire, 2025, this volume): hints 
at a complex cascade of turbulence for physical complexity during cosmic 
structure formation, as well as complex bifurcation and Panarchy transitions 
during terrestrial CAS evolution. This also includes a proposed set of criteria 
to evaluate periodizations.

• “Integrating the Tree of Knowledge and Combogenesis Approaches to Big 
History” (Volk & Henriques, 2025, this volume): emphasizes the importance 
of combination and integration in the evolution of complexity.

• “A New Theory of Evolution is Supported by the Teaching Patterns of Human 
Ancestors” (Hoggard, 2025, this volume): presents a hypothesis that makes 
use of Chaos Theory Universality to explain how multiple levels of evolution 
can be integrated into one theory.

• “Unification of Biological and Cultural Evolution Through Natural Periodiza-
tion” (Glötzl, 2025, this volume): starts with the emergence of our planet and 
does not cover the preceding billions of years of the Big History.

• “Big History Periodization. Complexity, Directions, and Phase Characteris-
tics” (Grinin & Grinin, 2025, this volume): tries to give a rather detailed 
picture of the unfolding universal evolution, which consists of 10 phases 
further divided into five main phases and five transitional phases. 

3. Complexity Aspects

• “Applying Event Duration Approach to Big Future” (van Duin, 2025a): 
suggests that the most reliable way to corroborate qualitative trends in Big 
History is the study of objective, quantitative parameters, either for the 
magnitude of a characteristic or for the diversity of a system, over time.

• Chapter “An Approach to Constructing a Big History Complexity Ladder” 
(Nielsen, 2025) in this volume. 

4. Periodization of the Big Future

• “Development of Mass and Energy Rate (Density) of Dissipative Systems over 
Their Lifetimes: A Comparison of a Low-Mass Star, Like our Sun, a Human 
and the Roman Empire” (van Duin, 2025b, this volume): it analyzes problems 
associated with the use of the free energy rate density (FERD) as a sole metric 
of complexity, and, hence, complexity-based Big History periodizations, as 
is done by Eric Chaisson (2001, 2007, 2010, 2014) and Fred Spier (2015);
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however in his other chapter (“Applying Event Duration Approach to Big 
Future” [van Duin, 2025a]) Martin van Duin suggests his own periodization.

• “The Human Journey: A Potential Timetable Extrapolated with Big History 
Trends” (Widdowson, 2025, this volume). 

We have seen that periodization is a very productive procedure for organizing 
material, identifying important lines of development and evolution, concentrating 
attention on the development of certain characteristics that are taken as criteria. 
However, periodizations have many other heuristic advantages, some of which will 
be discussed in this concluding chapter. In particular, this is the ability to make fore-
casts about the future based on the constructed periodizations, use time proportions 
between periods to derive mathematical dependencies, and more. It is especially 
important that comparing periodizations and analyzing them provides rich food for 
thought and new research. 

Despite the different approaches, we believe that all periodizations presented in 
this collective monograph are complementary, since we proceed from the idea that 
it is possible to use not just one periodization, but a system of periodizations at the 
same time. 

1 Toward More Refined Analysis 

It is hoped that this discussion will lead to more refine analysis such as engaging 
deeply with Jantsch’s (1980) work, critically refining hypotheses, building upon 
others ideas, introducing new perspectives, and addressing empirical uncertainties. 
However, what emerged in this current volume is an initial, somewhat fragmented, 
collection of thoughts with some references to Jantsch’s early insights but yet often 
used overconfident statements such as a new paradigms using natural and rigorous 
processes. Some of our own intellectual journey mirrored this experience, where 
after finding the bold works of thinkers like Modis (2002, 2003, 2020) and Kurzweil 
(2001, 2005), we felt compelled to explore further, diving into academic papers and 
confronting earlier expressions and understandings which had not been incorporated 
into later concepts such as Big History’s goldilocks thresholds (e.g., Spier, 2005, 
2015). 

In exploring these earlier studies, many various musings were encountered about 
the Singularity in the first half of the twentieth century by von Neumann along with 
later predictions of singularity patterns in evolution, and empirical evidence of a 
singularity trend in global population dynamics (see Panov et al., 2020; Korotayev, 
2018, 2020 for more detail). The differentiation between physical complex systems 
in cosmic development and Complex Adaptive Systems (CAS) of living systems 
on Earth seemed to be overlooked in many chapters, particularly the weakness of 
the Free Energy Rate Density (FERD) complexity measure (see Chapter “Develop-
ment of Mass and Energy Rate (Density) of Dissipative Systems over Their Life-
times: A Comparison of a Low-Mass Star, Like our Sun, a Human and the Roman
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Empire” [van Duin, 2025b] in this volume for some problems associated with this 
complexity measure). Sagan (1977) and Jantsch (1980) highlighted that informa-
tion plays a crucial role in these terrestrial evolutionary processes, even though 
complexity remains challenging to quantify, requiring multidimensional approaches 
that consider energy, organization, and environment. Panov (2020) and Snooks’ 
(2005) lists, including their acceleration factors, offered insights, as did models of 
ecosystems and evolution proposed by thinkers like Ayres (1994), Friston (2010), 
and Georgiev et al. (2019). However, we found a lack of discussion on the relation-
ship between the second law of thermodynamics and the increase in complexity, 
as well as the notion that true metrics should encompass full energy flow, rather 
than merely focusing on energy density. Diamond’s (1992) work on the rates of 
events provided a lens for periodization, linking these concepts back to traditional 
disciplinary frameworks. 

One of the key issues observed was the lack of a consistent terminology to describe 
the progression of time and complexity—terms like eons, eras, epochs, periods, 
layers, stages, phases, steps, regimes, and reigns were used inconsistently. Estab-
lishing a structured framework, with nested hierarchies of stages (or steps), could 
help resolve this inconsistency without suggesting linear progress. For example, 
Panarchy (Gunderson & Holling, 2002) cyclical phases include transitions marked 
by release, exploration, and reorganization of a developing complex adaptive system 
(see Fig. 5) such as an ecosystem (or economy). These cyclical phases could be 
integrated with the wider growth patterns like exponential and hyperbolic growth, 
inflection points, maturation, and capacity steps. 

The periodization frameworks include major divisions (e.g., cosmic and terres-
trial) and patterns within the terrestrial evolution of life, humans, and civilization. It 
can be seen that the two major divisions of cosmic and terrestrial seem quite different 
in time and spatial scales, direction of change with the cosmic development slowing 
or cooling down, while the terrestrial evolution of complex adaptive systems seems 
to be speeding up. However, there are many interesting symmetries within these 
differences. There have been many proposals for dividing the terrestrial evolution 
into periods with different bases and different criteria. 

2 Periodizations and the Future 

In a number of chapters in this volume, “Navigating Complexity in Big History— 
Exploring Periodization Across Cosmic and Biosocial Dimensions,” the authors use 
their periodization in one way or another to make assumptions about the future. 
Future periodization is difficult. Sometimes broad features of potential futures might 
be outlined based on some basic assumptions. However, details and the specific 
direction the future takes are not determined. 

For example, in the Grinin’s chapter (“Big History Periodization. Complexity, 
Directions and Phase Characteristics” [Grinin & Grinin, 2025, this volume), the 
ten-phase periodization allows its authors to assume a new post-human phase. See
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also Chapter “A Simple, Compatible, and Extensible Big History Framework and 
Periodization Based on Previous Findings” (LePoire, 2025, this volume) and Chapter 
“Comparing and Contrasting Big History Singularity Trends of the Big Bang and 
Terrestrial Evolution” (Korotayev, 2025) in this volume, which includes discussion 
of a simple symmetrical growth pattern (the cone model) for the future past the 
current singularity trend that is based on the idea of logistic growth where rapid early 
growth turns at an inflection point into a continued but slower growth. Some other 
periodizations either do not project any future or just say that the future will be 
chaotic. 

However, the two papers focusing on future periodizations approach the topic from 
very different perspectives. These chapters are—“The Human Journey: A Potential 
Timetable Extrapolated with Big History Trends” (Widdowson, 2025, this volume) 
and “Applying Event Duration Approach to Big Future” (van Duin, 2025a) in this  
volume. Widdowson focuses on the complexity by advanced life forms whereas in 
contrast, van Duin focuses on the development of physical complexity, independent 
of life. 

Marc Widdowson’s approach to analyzing technological progress and the 
concept of singularity offers an intriguing perspective that differs from the conven-
tional view of a single, all-encompassing singularity (Chapter “The Human Journey: 
A Potential Timetable Extrapolated with Big History Trends” [Widdowson, 2025, 
this volume]). He instead sees the current acceleration of technologies as just one 
of many historical trends toward complexity. His analysis, based on the Kardashev 
scale of energy utilization, provides a framework for understanding civilization’s 
advancement as a series of singularity trends rather than a single event. That is, the 
future of complexity is driven by advanced life forms to perform mega-engineering 
projects to capture very large energy flows, first of the whole planet, then of the Sun, 
and then the galaxy. In this way, there is a nested set of singularity trends which forms 
a much longer singularity trend toward a complete moral, scientific, and knowledge, 
the pleroma. Based on uses of energy flow characteristic of Kardashev he projects 
the trend will be completed in about 20,000 years, which is of course much shorter 
than van Duin timescale. 

Singularity Trends and System Limits: Widdowson proposes that instead of one 
ultimate singularity, human progress has been characterized by multiple singularity 
trends, each ending before reaching a true singularity due to inherent system limi-
tations. As one trend reaches its limit, a new system emerges, initiating another 
singularity trend. 

The Pleroma Concept: The sequence of these singularity trends, according to 
Widdowson, may be pointing toward a state he terms the “pleroma”—a concept of 
completeness or fullness in understanding both natural sciences and morals. This state 
bears similarities to what some might call “nirvana,” suggesting a final, transcendent 
stage of knowledge and enlightenment. 

Energy Phases and the Kardashev Scale: Widdowson’s analysis is grounded in 
the energy phases identified by the Kardashev scale, which categorizes civilizations 
based on their energy consumption capabilities. This scale provides a quantitative
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measure for assessing technological advancement and, by extension, the progress 
toward singularity trends. 

Extrapolation and Prediction: To estimate the timeline for reaching the pleroma, 
Widdowson employs a simple yet thought-provoking method: 

1. He uses two data points: our current energy usage and that of the Roman Empire. 
2. By extrapolating from these points, he projects the future energy consumption 

trajectory. 
3. This extrapolation leads to an estimated timeframe for reaching the pleroma. 

Estimated Timeframe: Based on this analysis, Widdowson estimates that humanity 
might reach the pleroma in slightly less than 20,000 years from today. This long-
term perspective offers a sobering counterpoint to more optimistic predictions of 
rapid technological singularity. 

Implications and Considerations: Widdowson’s approach provides several inter-
esting insights: 

1. It suggests that technological progress may be more gradual and cyclical than 
exponential. 

2. It acknowledges the limitations of current systems and the need for paradigm 
shifts to continue advancement. 

3. It places our current technological state in a broader historical and future context. 
4. The concept of pleroma offers a holistic view of progress, encompassing both 

scientific and moral understanding. 

While this analysis is speculative and based on limited data points, it offers 
a unique framework for considering long-term human progress and the nature of 
technological advancement. It challenges us to think beyond immediate technolog-
ical breakthroughs and consider the broader arc of human knowledge and capa-
bility (note also that our future will depend significantly on the presence/absence 
of extraterrestrial intelligent life [Zapp, 2023]). 

Martin van Duin’s work, “Applying Event Duration Approach to Big Future” 
(van Duin, 2025a, this volume) presents a unique perspective on the universe’s long-
term development, focusing on the role of physical complexity independent of life. 
This approach suggests that, rather than biological or technological factors, it is 
the continuous, underlying complexity of physical phenomena—like star formation, 
galactic collisions, black hole evolution, and cosmic expansion—that predominantly 
drives the universe’s progression over vast timescales. Van Duin’s model envisions 
the universe’s complexity continuing to grow through these mechanisms, projecting 
far beyond the multiples of the current age of the universe. 

In terms of stellar formation, the universe entered a deceleration phase around 10 
billion years ago. Our solar system emerged about 5 billion years later, when stellar 
formation had already diminished significantly. This slowdown may have allowed 
for the accumulation of heavier elements, especially in the galactic arms, where 
excessive stellar activity could have been harmful to any emerging life. Notably, the 
foundational analysis for this framework came from respected scientists in 1996, yet, 
as they acknowledged, our understanding has evolved significantly, especially with



Conclusions: Exploring Big History Periodizations Across Cosmic … 501

discoveries related to dark energy, dark matter, and early structural formation in the 
universe. As a result, any predictions about events spanning the universe’s lifespan 
remain highly uncertain and depend heavily on the theoretical models we apply. 

Alternative perspectives also speculate about entropy’s role in the universe’s long-
term fate. Some researchers propose that ongoing expansion may prevent a closed-
system “heat death,” which the second law of thermodynamics would otherwise 
predict. For instance, Lloyd (2006) discusses both hopeful and grim perspectives 
on life’s prospects amid cosmic expansion, echoing earlier works by Freese and 
Kinney (2003), and Krauss and Starkman (1999), who presented diverging views 
on the universe’s potential trajectories. Dyson (1979) even speculated about an open 
universe scenario that might avoid entropy death. These discussions are insightful, 
especially when viewed through a Big History lens, yet they underscore the vast 
uncertainties surrounding these questions—uncertainties unlikely to be resolved 
within a human timeframe. 

3 Toward a Multi-perspective Consensus Approach 

The evolution of complex adaptive systems on Earth, from the emergence of life 
to the rapid progression of human societies and technologies, represents a remark-
able and accelerating trajectory. This pattern of geometric acceleration underscores 
how life has continuously adapted to new challenges and opportunities, creating 
increasingly intricate systems of information processing, energy flow, and organiza-
tion. By understanding these patterns, we can better navigate the accelerating pace 
of change and consider how humanity’s future can contribute to—or disrupt—this 
extraordinary trend of growing complexity. 

A consensus approach includes both considering the traditional approach of phys-
ical and complex adaptive systems along with the nuanced intricacies of evolu-
tion. These concepts have been discussed in the various chapters of this book. The 
following figures gather some of these concepts into the following areas:

• Physical and complex adaptive systems 

– Outline of physical complex system development from the Big Bang as the 
gravitational and nuclear potential energy left from the Big Bang expansion and 
cooling were decreased with gravitational collapse and stellar nuclear ignition 
(Fig. 1). 

– Outline of complex adaptive systems on Earth through the evolution of life, 
humans, and civilization. A geometric acceleration pattern is identified with 
factors of 1,000 on the large scale of stages and factors of 3 on the smaller 
nested substeps. The factor of three has some supporting evidence besides 
being identified by others (Fig. 2).
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• The intricacies and nonlinear nature of evolution 

– The interaction between stages and substeps (layers) of evolutionary processes. 
New emergent features are built upon the combinations of the previously 
stages (Fig. 3), which continue to develop (vertical evolution). There can be 
“earthquakes” as earlier stages might develop into unstable configurations (e.g., 
stellar explosions). 

– The stages develop not just along the path to higher complexity, but instead 
broaden out (horizontal evolution) to provide a base for support and create new 
opportunities (Fig. 4). 

– The non-deterministic nature of complexity development. While the focus 
in periodizations is often on the sequence of leading complex systems, the 
dynamics include the multi-directional flow of complexity as systems develop 
and encounter limits and challenges to further development (Fig. 5). 

– The dynamics of increasing size through collaboration either through cooling in 
cosmic physical complexity development or later in complex adaptive systems. 
There are a variety of challenges to overcome to align goals and develop 
meaningful exchange to make the collaboration beneficial to the extended 
system. 

3.1 Physical Complex Systems 

The development of physical complexity in the universe is a story of transformation 
spanning from the Big Bang to the present day, shaped by fundamental processes 
and forces. This progression is outlined in the main figure, with the inset in the 
upper right providing a focused view of key stages. It all began approximately 13.8 
billion years ago with the Big Bang, a singular event that set the universe into rapid 
expansion. This expansion caused cooling, which allowed fundamental physical laws 
to manifest and the formation of elementary particles such as quarks, electrons, and 
eventually protons and neutrons (Atkins, 2018). These particles combined to form 
the simplest elements, hydrogen and helium, which dominated the early universe. 

Initially, the universe was a smooth, nearly uniform expanse of matter and energy, 
but small density fluctuations, magnified by gravitational forces, began to grow. The 
gravitational potential energy stored in these regions began to dissipate as matter 
clumped together, aided by the unseen influence of dark matter. This process led to 
the formation of the cosmic web—a vast interconnected structure of filaments and 
voids that became the scaffolding for galaxies (Hogan, 2001). As regions of matter 
collapsed under gravity, they cooled and condensed, eventually forming stars, the 
first sites of nuclear fusion. These stars transformed hydrogen into helium and other 
light elements, releasing vast amounts of energy and reducing the nuclear potential 
energy stored in their cores (Lineweaver, 2001).
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As stars aged and died, many underwent cataclysmic explosions known as super-
novae. These events were critical for the next stage of complexity: they dispersed 
heavier elements like carbon, oxygen, silicon, and iron into space. These elements, 
forged in the cores of stars, were the building blocks for planets and life. Over 
billions of years, this enrichment of the interstellar medium allowed for the forma-
tion of second- and third-generation stars surrounded by planetary systems. One such 
system, our solar system, formed about 4.5 billion years ago from a dense molec-
ular cloud enriched by earlier stellar generations. This marked a pivotal point in the 
universe’s evolution, as the Sun and Earth emerged approximately 9 billion years 
after the Big Bang—about one-third of the universe’s current age. 

The Earth, with its stable environment and abundance of heavy elements, provided 
the conditions necessary for the next leap in complexity: the emergence of life. This 
phase, detailed in Fig. 2, represents a profound continuation of the universe’s trend 
toward increasing complexity. The interactions of physical and chemical processes 
on Earth gave rise to living systems, which, through biological evolution, intro-
duced entirely new forms of complexity. As life evolved, it began to influence its 
environment in unprecedented ways, eventually giving rise to human culture and 
civilization—adding new layers of complexity to the cosmic story. 

Thus, the journey of physical complexity—from the simple hydrogen atoms of 
the early universe to the complex systems of planets, ecosystems, and intelligent 
life—illustrates the universe’s remarkable capacity for transformation and innova-
tion, driven by the interplay of fundamental forces, matter, and energy over billions 
of years. 

The evolution of complex adaptive systems, particularly life on Earth, is a pivotal 
chapter in the broader narrative of increasing complexity in the universe. This devel-
opment, illustrated in the upper-left inset (green area), builds upon the earlier stages 
of physical complexity (gray area, detailed in Fig. 1). The phases of life’s evolu-
tion and the subsequent emergence of human society and technology are marked 
by accelerating rates of complexity growth, governed by patterns of information 
processing, energy flows, and organizational innovation. These patterns reveal the 
accelerating progression of life and its interconnected systems through three levels 
of detail, underscoring how the evolution of complexity has followed a geometric/ 
hyperbolic acceleration across successive stages of development.

3.2 Three Levels of Analysis of Complex Adaptive Systems 
(Life’s) Evolution on Earth

• Hyperbolic Growth: The large-scale hyperbolic growth of complexity is depicted 
on a log-log scale (Fig. 2, second from top left), with the x-axis representing 
the time remaining until a hypothetical singularity—a point of infinitely rapid 
change. This hyperbolic curve reflects how complexity has increased hyperbol-
ically across vast timescales, suggesting a trend of accelerating transformations
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Fig. 1 Development of physical complexity in the universe from the Big Bang until today. The 
insert in the upper right shows this development starting at the left (gray area). The continuation 
of complexity growth due to life (shown in green in the insert) is detailed in Fig. 2. The simplified 
phases of the development of physical complexity begin with the Big Bang where the expansion 
resulted in cooling and the laws and particles of physics unfolded (Atkins, 2018). This resulted in 
a rather smooth density distribution of mostly hydrogen and helium atoms which held large grav-
itational and nuclear potential energies. The gravitational potential energy was dissipated through 
gravitational collapse with the assistance of dark matter as the cosmic web formed (Hogan, 2001). 
This gravitational potential was also reduced when the matter cooled enough to form stars, which 
then ignited the nuclear fusion reactions resulting in reducing the nuclear potential (Lineweaver, 
2001). As the heavier elements accumulated through stellar explosions, further star formation took 
place with smaller masses and also the heavier elements in orbit that could form planets. The Sun 
and solar system formed about 4.5 billion years ago (approximately 9 billion years after the Big 
Bang, i.e., the Sun and Earth are approximately a third of the universe’s age now)

in the universe’s history. While this trend is evident, the curve also hints at a 
profound challenge: understanding and managing the accelerating pace of change 
as systems grow more complex.

• Major Steps: This level breaks the evolution of complexity into three primary 
phases, each corresponding to major shifts in information processing capabil-
ities (Fig. 2, third from top left). Each phase progresses approximately 1,000 
times faster than the one before, reflecting a geometric acceleration in the pace of 
innovation and adaptation: 

– Biological Evolution (5 billion years ago): Beginning with the origins of 
life, this phase encompasses the emergence of self-replicating molecules, the 
development of cells, multicellular organisms, and ecosystems. Key mile-
stones include the Cambrian explosion, the rise of plants and animals, and 
the diversification of species.
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– Human Evolution (5 million years ago): This phase marks the divergence of 
early hominins from other great apes, leading to the development of Homo 
sapiens. It encompasses the rise of tool use, language, culture, and social 
structures, which allowed humans to adapt and thrive in diverse environments. 

– History and Technological Evolution (5,000 years ago): Commencing with 
the advent of written records, this phase represents the rapid advancement 
of human societies through agriculture, science, industrialization, and the 
digital age. Innovations in information storage and processing (e.g., writing, 
printing, computers) have hyperbolically increased the capacity for knowledge 
accumulation and dissemination.

• Focus on One Substep Sequence. Within each of the three phases, smaller 
substeps exhibit a geometric pattern of acceleration, with each successive step 
occurring approximately one-third the duration of the previous one (Fig. 2, left,  
bottom). For example, within the History Phase, six substeps correspond to 
traditional historical periods: 

– Ancient and Classical Era: The emergence of early civilizations, such as 
Mesopotamia, Egypt, Greece, and Rome, marked by innovations in gover-
nance, writing, and trade. 

– Middle Ages: A period of feudalism, religious dominance, and gradual 
recovery after the fall of classical empires. 

– Modern State and Exploration: The Renaissance and Age of Exploration saw 
the rise of centralized nation-states and global trade networks. 

– Industrial Revolution: Marked by mechanization, steam power, and transfor-
mative economic systems. 

– Fossil Fuel Age: Powered by coal, oil, and gas, enabling rapid technological 
and societal development. 

– Information Age: Defined by digital technologies, global communication, and 
artificial intelligence (Grinin et al., 2024a, 2024b; Bondarenko, 2024; Mousa, 
2024). Each substep decreases in duration by a factor of three, culminating in 
a geometric acceleration of change. Together, these substeps demonstrate how 
complexity builds on prior advancements, creating a hyperbolic trajectory. 

3.3 Supporting Evidence for the Accelerating Factor of 3 

On the right side of Fig. 2 are shown some of the supporting evidence for the accel-
erating factor of about three between the substeps. If the actual accelerating factor 
was the square root of 10 (3.16), then the sequence of 6 substeps would result in a 
factor for the major step of 3.16^6 which is 1,000.

• Cascade Toward Chaos: Studies of complex systems show that the cascade 
toward chaos, a hallmark of dynamic change, experiences its first bifurcation
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(critical transition point) when growth rates increase by a factor of three. This theo-
retical insight aligns with the observed acceleration of complexity in biological 
and social systems (Fig. 2, right, top).

• Logistic Rate Transitions: Historical substeps, such as the Agricultural Transi-
tion and the Ancient and Classical Era, illustrate that their durations span roughly 
two-thirds of the time to singularity from their inception. This leaves the remaining 
one-third of the time for subsequent, increasingly rapid substeps (Fig. 2, right, 
middle)

• Human Development: Human development from conception follows a similar 
scaling pattern (Fig. 2, right, bottom). Milestones such as cell differentiation, 
organogenesis, and birth occur at intervals approximately one-third the duration 
of the preceding stage. This biological scaling mirrors the accelerating patterns 
seen in life’s evolution and human history.

3.4 Insights into the Accelerating Trajectory 

This acceleration of complexity highlights key insights about the evolution of life 
and humanity’s place within it:

• Nonlinear Growth: Complexity does not grow at a steady rate but accelerates 
over time, reflecting the self-organizing nature of adaptive systems. Each new 
level of complexity builds upon the innovations of previous stages, creating a 
compounding effect.

• Interdependence of Phases: Biological, human, and technological evolution 
is deeply interconnected, with each phase relying on the informational and 
organizational foundations laid by its predecessors.

• Challenges of Acceleration: While the accelerating growth of complexity has 
led to unprecedented advancements, it also poses challenges. Rapid changes can 
lead to instability, requiring adaptive systems to manage transitions and maintain 
resilience. 

3.5 The Intricacies and Nonuniformity of Evolution 

3.5.1 Layers of Emergence 

A simple framework of emergent layers in Big History, comprising four major stages: 
cosmic evolution, biological evolution, human evolution, and the evolution of civi-
lization (traditional history) is illustrated in Fig. 3. These stages, or “platforms,” repre-
sent progressively more complex layers of organization. Interactions between these 
stages are evident in the coevolution of systems, such as the interplay between Earth’s
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Fig. 2 Development of complex adaptive agents (life) on the Earth. The insert in the upper left 
shows this development starting at the right (green area). The earlier development of physical 
complexity (shown in gray in the insert) is detailed in Fig. 1. The simplified phases of the evolution 
of complex adaptive systems are shown on the left with three levels of detail. Various supporting 
evidence for the accelerating (scaling) factor of 3 is shown on the left. On the left, the three levels 
of detail include the following: (1) top: the large-scale hyperbolic growth of complexity (on log-log 
scale with the time until the singularity on the x-axis); (2) the next detailed structure of three phases 
based on the information processing which correspond to the traditional disciplines of biological 
evolution, human evolution from the branching of other great apes, and the evolution of technology 
in written history. Each phase has an accelerating factor of about 1,000 with beginning times of the 
phases at approximately 5 billion years ago (ya), 5 million ya, and 5 thousand ya; (3) the further detail 
within each phase of geometrically accelerating substeps. The history phase is chosen as an example 
where the substeps correspond closely to the traditional periods of history: ancient and classical, 
middle ages, modern state/exploration, industrial revolution, fossil fuel age, and the information 
age. These six substeps with geometrical decreasing durations by a factor of three combine to 
give the factor of 1,000 within the phases (i.e., 3^6 is approximately 1,000). On the right, three 
supporting cases for the factor of the geometrically accelerating factor of 3 are shown: (top) the 
cascade toward chaos has its first bifurcation transition after the initial growth rate increases by a 
factor of 3; (middle) empirical evidence of the rate of events during two of the historical substeps 
(agricultural transition, and ancient and classical civilization) are shown to have durations about 
two-thirds of the time to singularity from when they start, leaving the last third for all the remaining 
substeps; (3) human development from conception shows that major steps occur about a factor of 
3 from the previous

geological processes—atmosphere, land formations, and climate—and biological 
evolution.

Each successive stage and substep builds upon the foundation laid by previous 
complexity levels, leveraging earlier advancements as tools and materials for the 
emergence of new, more intricate structures and behaviors. For instance, the cosmic 
stage’s formation of stars and planets provided the conditions for the biological stage, 
where life first emerged. Likewise, biological innovations such as multicellularity and
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Fig. 3 Main steps in the development and evolution of complexity. Time starts on the left at the 
Big Bang and increases to the right. There are 6 substeps in each of the 4 major stages of cosmic, 
biological, human, and civilization. The latter 3 stages are the terrestrial development of complex 
adaptive systems on Earth, with the geometric acceleration factor of 1,000 between stages and a 
factor of 3 for each of the 6 substeps nested within each stage. Each new substep and new stage is built 
atop the previous, i.e., the previous complexity levels provide the tools for creative combinations 
for the emergence of new complexities. However, there are often interactions between the stages 
and substeps shown by the white and red vertical lines. These show the various interactions such as 
those between geology and life, micro-organisms and humans, technological impacts on the natural 
environment. The cosmic stage has the three main phases discussed in Fig. 1 (Big Bang expansion, 
cosmic web development, and stellar/planetary development). This is followed by 3 substeps for 
the specific development of the Milky Way galaxy, the Sun, and the Earth

nervous systems created the prerequisites for the human stage, defined by language, 
culture, and technological advancements. 

However, the evolution of complexity is not a linear or isolated process. There 
are frequent interactions between stages and substeps, depicted by the white and 
red vertical lines in the diagram. These interactions highlight the interconnectedness 
of systems across different levels of complexity and their mutual influence on one 
another. Examples of such interactions include:

• Geology and Life: Geological processes, such as volcanic activity, plate tectonics, 
and climate shifts, have shaped the environments in which life evolved, while life 
itself has altered Earth’s geology, as seen in the oxygenation of the atmosphere 
by photosynthetic organisms.

• Microorganisms and Humans: Microbial life has profoundly impacted human 
evolution and health, from symbiotic relationships like the human microbiome 
to the spread of infectious diseases that have shaped human history and societal 
development.

• Technology and the Natural Environment: Human technological advancements 
have significantly influenced the natural world, with both positive and negative
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consequences. Examples include agricultural practices that transformed ecosys-
tems, industrial activities that altered atmospheric composition, and modern 
innovations that are reshaping Earth’s climate and biodiversity. 

These dynamic interactions demonstrate that the progression of complexity is 
not confined to a single stage but is instead a web of interdependencies. They also 
underscore the feedback loops that exist between living and non-living systems, 
driving change in ways that are often unpredictable but crucial for understanding the 
trajectory of complexity over time. 

3.5.2 Ongoing Development 

Figure 3 can be considered a simplification of the 3D representation of the develop-
ment of stages seen in Fig. 4 below to the right. A top-down view is shown to the left 
which shows the continuation of development of each of the stages. For example, the 
cosmic layer still exhibits ongoing processes like supernovas and new star formation. 
Biological evolution continues alongside human and civilizational development. 

Fig. 4 Extended view of Fig. 3 in 3 dimensions (right) and top-down view (left). Again, for both of 
these figures, time starts on the left with the Big Bang in the cosmic stage (black). As time progresses, 
the universe and complexity expands. Eventually enough heavier elements are formed to allow for 
planets to form, like the Earth. In these environments, sometimes life can begin and flourish (green 
stage). Later some of the animals develop language and consciousness like humans (orange stage). 
They expand and develop further. Eventually enough skills and tools have been developed to foster 
larger collaborative organization (cities) with writing and technology (blue stage). Figure 3 would 
then be the cross section along time and height bisect of the 3D view (and the horizontal time line 
bisect of the 2D top view). This model includes now the horizontal evolution, not only of the main 
path of higher complexity but also all the structures that support and nourish the complete system, 
e.g., ecosystems, varieties of civilizations, diversity of human characteristics, and pursuits
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3.5.3 Nonlinear Evolution 

The transitions and development are clearly not as uniform as depicted in Fig. 3. 
Instead, there are many contingencies and random events that make the changes 
much more uneven (Fig. 5 Top). However, this is expected as in (Fig. 5 bottom) the 
Panarchy Development phases, where, beyond the growth phase, there are periods 
of resource releases, multiple options to explore in search for new environmental 
niches, and reaching close to environmental carrying capacity. 

The boundaries do not stay well defined either as there is much coevolution of 
systems (Fig. 6). For example, the development of interacting systems with feedback 
cycles might cause a system to maintain some dynamic equilibrium, as suggested by 
James Lovelock (2016), in his Gaia Hypothesis concerning biological life and the 
atmosphere.

Fig. 5 Nonlinear development of complexity through Panarchy cycles. The Panarchy cycle of a 
complex adaptive system, e.g., an ecosystem or economy (lower left), shows the phases of growth 
(r) after a new resource niche is found (lower left toward upper right), the transition to a conservative 
form to utilize the resources (K) until they become limiting. Then a release (�) of those resources 
(similar to creative destruction) to facilitate identification of a new path. And finally the reorgani-
zation (α) of the system (often at multiple spatial and temporal levels) to identify and utilize the 
new resources. While this diagram shows the cycle, the time dependence is realized more like the 
sequence shown to the bottom right where the growth is followed by somewhat of a stasis during 
conservation, followed by various sizes of decline as the system releases and reorganizes into a 
new growth pattern. If a new growth pattern is not identified, the system may revert. However, with 
multiple such CAS competing, a few successful systems may lead the way into the next Panarchy 
cycle. This illustrates that the increase in complexity is not linear, nor smooth, nor determined but 
often requires reversion and release of resources to find and utilize potential paths in a competi-
tive environment. The top part of the figure shows this aspect which had been missing from the 
idealized process in Fig. 3. There are setbacks along the line of continuing increasing complexity, 
along with later adaptations among the various stages and layers being developed. For example, 
the geological and biological systems are tightly intertwined in the Earth system processes of the 
lithosphere, atmosphere, and hydrosphere. Currently, there are large interactions between just about 
all terrestrial stages as the impacts of human activities disrupt these Earth system processes 
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Fig. 6 Showing the time evolution of various objects in the universe. The Big Bang is again at the 
left vertex with time flowing to the right. Many complex objects form. For example, the yellow 
triangles represent stars that form, shine through nuclear fusion for a while, and then die through 
collapse or explosion. Some stars later form planetary system shown as the green triangles within the 
yellow triangles. We know of one system where the further stages of life, humans, and civilization 
formed, as perhaps depicted in the upper right triangle. Perhaps, other planets formed life but 
complexity did not develop further, indicated by their triangle of complexity development ending. 
There might have been other stars whose planets developed the multiple stages of complexity (and 
perhaps more). Some may still be around but others may have ended their complexity growth 
(depicted in middle triangle). Still other stars might be continuing to develop further complexity but 
not at the same level (either advanced or lower) as depicted in the triangle in the lower right. This 
shows the potential advance of complexity in other regions of the universe in which there are many 
scenarios of development with perhaps some developing as far or further than our current level on 
Earth 

3.5.4 Non-deterministic Progression 

At any time, a major catastrophe in one layer may cause developing emergence to 
stop and roll-back. Also, missing criteria may also delay or halt additional emergence 
(complexity development). This can be seen in the history on other planets such 
as Mars and Venus which share many characteristics as Earth but suffered ending 
evolution of new emergent properties due to criteria such as size to maintain an 
atmosphere, or active geological movement and recycling, or lacking a sufficient 
magnetic field to protect from radiation or lacking a significantly large moon to 
stabilize rotation and orientation.
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3.5.5 Cooperation, Cooling, and Exchange 

Larger entities, whether biological, social, or cosmic (e.g., stars, galaxies, planets), 
tend to evolve within increasingly smaller and more controlled environments. This 
evolution is driven not only by the density of available energy but also by the 
growing number of participants who can contribute more energy than they need for 
survival. As systems grow, they become more interconnected, fostering “win-win” 
exchanges where both parties benefit. Even at the smallest scales, particles exchange 
virtual particles—such as quarks within nuclei and atoms within molecules. But as 
life evolved, especially with the emergence of agency in eukaryotes, multicellular 
organisms, humans, and civilizations, these exchanges became more intentional and 
complex. 

The process of growing complexity is dependent on the system’s ability to cool 
down and stabilize. After the Big Bang, this cooling down allowed matter to bind into 
increasingly complex structures (as theorized by Korotayev1 ), and a similar dynamic 
can be observed in social systems. If the system’s temperature—whether physical 
or social—exceeds the binding energy of its components, random fluctuations can 
break weaker bonds. For instance, nuclear bonds are about 1,000 times stronger than 
atomic bonds, which are, in turn, 1,000 times stronger than molecular bonds. In 
social terms, the “temperature” is linked to how well societies adhere to norms and 
laws, which serve to minimize destructive conflicts like wars, violent protests, and 
crime. However, it is not simply about suppressing these issues, but about creating 
conditions where they don’t arise. Following the Cold War, there was real hope 
that resources formerly dedicated to defense could be redirected to improving lives 
globally (as argued by Steven Pinker [2011]). Yet progress is not always linear, 
and while setbacks occur, maintaining a cooler social “temperature” is essential for 
fostering global cooperation to address issues like climate change. 

Human cooperation itself is a survival mechanism deeply rooted in evolution. In 
the changing grassland and savannah environments, early humans likely would not 
have survived without cooperation (as suggested by Turchin and others). Our brains 
evolved not just to understand the physical world but also to facilitate complex social 
interactions (Anum et al., 2024). A key part of this development is empathy—the 
ability to understand and share the feelings of others. Empathy helped early humans 
cooperate and form social bonds, but it also demanded significant cognitive resources, 
making it a tremendous drain on the brain’s capacity. 

As human societies grew more complex, specialization emerged, with individuals 
taking on specific roles within a larger societal organism. This specialization enabled 
civilizations to function like superorganisms, where each part serves the whole. 
Social and monetary debts, governed by rules to prevent cheating, became essential 
to binding these complex societies together. However, achieving this on a global scale 
or sustaining cooperation across generations remains a challenge. Philosopher John 
Rawls’ (1971) “veil of ignorance” suggests a framework for creating fair societies,

1 See Chapter “Comparing and Contrasting Big History Singularity Trends of the Big Bang and 
Terrestrial Evolution” (Korotayev, 2025) in this volume, as well as Korotayev (2024). 
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but the practical implementation is elusive, especially when considering future gener-
ations. Artificial intelligence may offer solutions by providing long-term thinking, 
or at least extending the life of ideas, even if individual humans do not survive long 
enough to see the outcomes. 

One of the biggest challenges in sustaining long-term cooperation is enforcing 
rules that prevent exploiting the present at the expense of the future. While laws and 
systems of punishment exist to curb short-termism, the difficulty lies in determining 
who will represent the interests of future generations. Balancing current needs with 
long-term sustainability requires a cooler, more cooperative social environment, one 
that is still challenging to achieve at the global scale. 

3.6 Evaluation 

Evaluation is presented in Table 1.

4 Directions for Future Studies 

These disparate explorations of Big History periodization in the present volume have 
identified unique promising theories and models. But much work is to be done to 
unify our understanding of complexity and evolution in the Big History. While there 
has been progress, particularly in identifying key phases and transitions, there is 
still a pressing need for a more rigorous and cohesive approach—one that integrates 
energy flow, information theory, and the evolutionary timeline into a comprehensive 
framework while acknowledging the uncertainties and limitations in our current 
understanding. This section will explore the issues of integration, a proposed outline 
toward convergence with a multi-perspective consensus, and the evaluation of such 
an approach. 

4.1 Issues in Integration

1. Discrete Versus Continuous Development: Investigate the relationship between 
discrete and continuous development and how it relates to the behaviors observed 
in discrete systems, such as Feigenbaum bifurcations. Identify the ordering 
parameter for these systems and determine if they exhibit discrete character-
istics on different timescales compared to population growth and generational 
changes. 

2. Dynamics and Cooperation: Examine Glötzl’s dynamic equations alongside 
the concepts of cooperation, focusing on the role of delayed cooperation through
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Table 1 Evaluation criteria of a developing consensus model based on this book’s chapters and 
analysis of previous works 

Criteria Description 

Phenomenological Model Systems rise in complexity by identifying a new energy source, 
reorganizing often by combining new elements, and expanding 
into the new niche. Eventually, the niche is stressed due to the 
growth, leaving the system looking for new niches and 
opportunities. This is represented in the Panarchy model, the 
combination of the Medea and Gaia principles 

Complex Adaptive Systems’ 
(CAS) Elements 

Systems need energy to combat entropy, information to thrive in 
an environment, and cooperative organization to expand into 
new environments. The system is dissipative so it must learn in 
the short term, reproduce and grow in the life cycle, and evolve 
through generations 

Structure of periodization 
framework 

A major divide is between cosmic and terrestrial development, 
although there is symmetry between them. The cosmic 
development includes the Big Bang unfolding of particles and 
forces. Then the gravitational and nuclear potentials are realized 
as stars form and entropy is generated in process similar to a 
turbulence cascade. This process is of physical dissipative 
systems without agency (see also “Cosmic/Terrestrial split” 
below) 
The terrestrial evolution starts with a yet unresolved process of 
life’s origin. This leads to three nested phases of geometrically 
accelerating processes through improved information processes 
of genetics in life evolution, a mix of culture and genetics in the 
evolution from apes to humans, and then mostly culture in 
historical civilizations 
Each of the three phases seems to have about 6 steps as the 
stems grow the energy being controlled through growing the 
physical size of collaborations and by also increasing the energy 
flow through each unit 
It is hypothesized that one potential continuation of this 
evolutionary process is that it is reflective about the terrestrial 
singularity trend time. This would then have 6 full phases in 
hyperbolic logistic growth pattern 

Connection to traditional 
fields 

The major processes and timelines of some Big History 
frameworks are consistent with the traditional fields such as 
evolutionary biology, paleontological anthropology, and 
civilization history

(continued)
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Table 1 (continued)

Criteria Description

Drivers The overgrowth of complex systems in discovered niches 
propels them to identify new energy, information, and 
organization to create an environment for continued growth. 
Sometimes this transition between this reorganization is not 
smooth or is not supported by the environment. This leads to 
crises and many possible approaches being tried with the most 
successful approach being adopted 
The ability of these systems to self-organize is often driven by 
facilitating the increase in entropy flow. It is hypothesized that 
the second law of thermodynamics is not a barrier to 
self-organization but instead a necessary condition, as the 
organization allows the increased generation rate of entropy 

Connection to previous BH 
research 

The accelerating trend seen in terrestrial evolution through life, 
humans, and civilization follows an evolutionary pattern 
recognized by Manfred Eigen in the 1970s and interpreted by 
Korotayev as a concise extension of hyperbolic growth. 
Empirical evidence for such a growth has occurred in the global 
population of humans for a long duration as they enhanced their 
ecological carry capacity through collective learning of various 
physical and social technologies 
The systems work of Jantsch is followed as often mentioned in 
this evaluation. The exploration of the weak anthropic principle 
has shown the connections of sizes of Big History objects from 
the atom to the universe 
The fundamental laws of the cascade to chaos have been 
recognized as a potential mechanisms in generating the 
accelerating patterns either through time itself or through a 
driving parameters such as the energy flow rate through a system 

Cosmic/Terrestrial split A major divide is between cosmic and terrestrial development, 
although there is symmetry between them. The cosmic 
development includes the Big Bang unfolding of particles and 
forces. Then the gravitational and nuclear potentials are realized 
as stars form and entropy is generated in process similar to a 
turbulence cascade. This process is of physical dissipative 
systems without agency 

Handling ongoing simpler 
ecosystems 

Evolution does not necessarily lead to more complexity. Only 
when the environment has enough resources, opportunities, and 
challenges can complexity continue to grow. At each step or 
level, there are often difficult transitions as the previous 
complexity level generates complications by overgrowth. Some 
systems are known to revert back to simpler systems once they 
have found environments which are conducive to removing 
some of the resource intensive complexity functions 
It is not that the systems that do not develop higher complexity 
have no role. In fact they support the ability of the complex 
system to thrive by creating a somewhat stable environment

(continued)
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Table 1 (continued)

Criteria Description

Connections of large and 
small 

The systems work of Jantsch is followed as often mentioned in 
this evaluation. The exploration of the weak anthropic principle 
has shown the connections of sizes of Big History objects from 
the atom to the universe 

Pattern Factor of 3 from Snooks (2005) and Panov (2020) and factor of 
1,000 from Werkhoven (2011). Some papers here have other 
factors of the Feigenbaum constant. Others such as Avi Loeb 
have mentioned simple lists by using a factor of 10. Note that 
34~F3~102 so that there could be some common events in these 
sequences which contain 4, 3, or 2 steps 

Measure It would be nice to get a good measurement of complexity. One 
way is to form it from the necessary elements needed for 
complexity hierarchy of organizational levels, energy flow, 
information process, supporting environment, and dynamics at 
various time scales. However, the evolutionary process has 
spatial and temporal variations and is not smooth and also 
overlaps with setbacks and surprises. It would be nice to find 
some measures which might support an interpretation as a proof 
of principle, but it is unlikely to find definitive, clear lines 
separating steps or phases 

Future The singularity trend, by definition, must end. What replaces it 
is partially up to us and nature which we are only beginning to 
understand. There are various scenarios such as collapse, 
business as usual, meddling through, and optimum advances. 
Past success is not a guarantee of future performance. But there 
are ways to mathematically extend the hyperbolic logistic trend 
into the future, whose interpretation would be that we are not at 
the end, nor at the beginning but only at the halfway point of a 
great adventure 

Limitations As mentioned in many places in this table and in this book, the 
uncertainties in this construction are large. It is unclear whether 
the estimates, hypotheses, and speculations will convince any 
group of continuing this study. It is especially difficult since 
there does not seem to be a place in industry or academia to 
research these topics. However, through the great work of 
others, educational material has been developed to integrate 
many of the topics necessary to thrive in the future, such as 
evidence-based reasoning under uncertainty, knowing where we 
came from and the struggles that had to be faced and overcome 
to get here, then being able to develop various scenarios and 
possible ways to guide or navigate through them 

The criteria are grouped in the early part of this section



Conclusions: Exploring Big History Periodizations Across Cosmic … 517

mechanisms like debts and contracts. Consider how directed evolution influ-
ences various aspects of development, particularly its instrumental role in the 
coevolution of biological and cultural elements in humans.

3. Connections Across Scales: Explore Grinin’s framework, where small systems 
or niches might provide unique environments that facilitate broader, more 
widespread changes. This approach could help identify the factors that contribute 
to successful transitions and better understand how small-scale dynamics can 
influence large-scale evolutionary processes. 

4. Role of Information and Human Psychology: Continue to explore the role 
of information, particularly in the context of the mind and human psychology. 
Human evolution presents significant challenges due to the limited documen-
tation and the relatively short time frame compared to biological evolution. 
Approaches that may be helpful include understanding the relationship between 
development and evolution, using digital simulations to model major events, 
comparing AI processes with human cognitive processes, and investigating the 
origins and treatment of mental illnesses. 

5. Connecting Research Across Disciplines: Continue to connect with research 
across different time periods and disciplines. The multitude of paths explored 
makes it challenging to integrate their meanings within the Big History context. 
Although the absence of a unified discipline remains a challenge, advancements 
in Internet search engines and AI tools have greatly facilitated this integration 
compared to just a few years ago. 

6. Level of Abstractness: Continue to discuss the appropriate level of abstractness 
in representations. For example, using rounded figures like 5 billion years for 
the Earth’s age (which is actually 4.54 billion years) is acceptable as long as 
the real age is known and stated. Similarly, placing events within a hierarchy 
is complex; adopting the hierarchies established by scholars in traditional fields 
not only avoids reinventing the wheel but also provides a common framework 
for interdisciplinary discussions. Whether there are 5, 6, or 7 substeps within a 
major step may not be critical, as long as the framework facilitates understanding 
and contributes to discussions. If finer resolutions of transitions are discovered 
later, it will be important to align frameworks in a way that is comprehensible 
and useful for ongoing discussions. 

4.2 Evaluating the Proposed Consensus Approach 

The evaluation of the periodizations includes aspects of complexity elements, 
evolutionary considerations, analysis scope, and methodologies.

• The elements of complexity usually include considerations of 

– cascading levels of organization, 
– energy flow, 
– information gathering and use, and learning at various temporal scales
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– environmental interaction to secure resources from the environment.

• Evolutionary considerations are found in 

– variation mechanisms 
– information systems 
– reproduction, and 
– degrees of fitness in dynamic ecosystems.

• The scope of the analysis might include the full temporal scope of the 

– cosmos (physical complexity in the process of dissipating energy) 
– terrestrial (life, humans, and technology on Earth), and 
– potential for future scenarios. 
– sub-structures of these large-scale divisions may be guided by empirical, 

theoretical, discipline, or intuitive information 
– the main path of increasing complexity or the complete system scope of 

interactions between levels of complexity (ecosystem, paths to extinction, 
contingency).

• Methodologies might include: 

– Consideration of existing research in traditional disciplines and in Big History 
– Development of measures and criteria for determining boundaries 
– Models (e.g., cascade to chaos, hyperbolic feedback model, nested logistic 

transitions) 
– Use of analogies to dynamic physical or social systems 
– Interpretation of correlation patterns (relationships of large to small scales, 

change rates within subperiods) 
– Exploring the limits of current knowledge 
– Suggesting the next steps to consider to test and revise the approach. 

4.3 Research Questions to Consider 

Despite the many contributions and considerations in this book by all the authors, 
there are many remaining questions and concerns that have been newly identified in 
this book. These include:

• How should a quantitative measure of complexity be handled when a system has 
multiple levels? Should it be proportional to the number of hierarchical interacting 
levels?

• How should a coordinating system size be measured? How strong should the 
links be between contributing units? This is similar to the question of when did 
the human population first act as a world system? Was it when trade of goods and 
ideas was exchanged along the Silk Road? When colonization started (or ended)? 
Or is it yet to form with a more defined global governance?
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• How many large levels are in the terrestrial evolution? Some would claim only 
two—those of biological and cultural. Jantsch made some justification that human 
development from the split from the lineage of modern apes to the domestication 
of plants and animals was a special accelerated evolution which combined both 
biological evolution and cultural evolution. Biological changes led to large brains, 
smaller stomachs, coordination of muscles for walking, running, and tool use. But 
these only formed with the feedback from cultural evolution of collaboration, use 
of fire, and use of tools.

• Is the cascade to chaos and the associated Feigenbaum sequence applicable in 
the theories of evolution? If so what is the driving parameter that changes the 
growth rate? Is it just time or is it related to the energy rate expenditure through 
coordination of larger groups along with identifying improved ways to increase 
the energy use per units?

• How will the future evolution of the accelerating trend toward the singularity 
change? Will the technological rate of change slow? Will things become simpler 
and less complex? Will the whole system just collapse? What are the determinants 
of the direction of the future pattern?

• What are the costs of complexity? It seems like the lower levels give up some 
independence (e.g., by specialization). When does the specialization result in 
hindered communication along the various hierarchical chains?

• Are the many ways of looking at periodization resulting from different perspec-
tives of the criteria, e.g., finding the peak change, finding the inflection point, or 
finding the boundaries?

• Is the cosmic to terrestrial ratio of about 3 (i.e., the Earth is about 1/3 the age 
of the universe at this important inflection point in history) determined? A simple 
consideration might be that it takes at least one generation of Sun-like stars to 
generate enough elements for planets, and then another half star-like lifetime for 
life to evolve to this point. This gives the ratio of 1.5: 0.5 or 3. However, there 
seems to be cases where the development of life could have occurred much earlier, 
since the earlier stars were much larger with shorter lives. In fact, the largest star 
formation rate (even Sun-like stars) occurred billions of years before our Sun 
formed. Was there another condition that was required to delay the time of life 
development in other systems?

• The singularity (or geometric) progression sequence seen in the evolution of 
Earth is interesting but it is not a general sequence. It seems like there were 
something like 17 transitions that might have gone awry. What are the factors 
and conditions that determine the transition success and the sequence over 
such a long time?

• While there seems to be ways to estimate the sizes of Big History objects based on 
simple principles and a few physical parameters, is there a corresponding way 
to estimate the lifespans of objects? The lifetime of stars is quite straightforward 
but is there a way to estimate the lifetime of humans or civilizations based on 
fundamental parameters?
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5 Announcement for the Next Volume on Other Aspects 
of Complexity 

Complexity is a very wide and deep subject; it is impossible to uncover complexity 
not only in one volume but even in a great number of them. The manifestations of 
complexity are extremely diverse and can be found at all levels and in all areas of Big 
History, when exploring it in breadth and depth. This volume, Navigating Complexity 
in Big History—Exploring Periodization Across Cosmic and Biosocial Dimensions, 
only explores aspects and proposals for periodization of Big History. We would like 
to conclude this volume with an announcement of our next volume. 

Although complexity plays a significant role in Big History, substantial gaps 
persist in our comprehension. While the papers in this issue do not provide definitive 
answers to these gaps, they contribute to the ongoing discussion on how to address 
these issues and propose potential pathways for resolution. These gaps encom-
pass measurement, focus, organization, relevance, consistency, and interpretation. 
While there may not be unanimous agreement on the specific direction to take, the 
academic discussions evident in these papers aim to elucidate the issues and foster 
understanding within the expansive and diverse scientific community. 

This next volume will continue to explore complexity aspects in all phases of Big 
History. Comprising articles from the Big History researchers, the book is organized 
with a focus on complexity aspects in cosmic, life, human, and civilization evolution. 
The title of this next volume is Complexity in Universal Evolution—A Big History  
Perspective. An introductory theoretical part on complexity will provide context for 
the variety of papers. 

The chapters on complexity issue in cosmic development cover (1) the symmetries 
of slowing-down after the Big Bang with the acceleration to today of life on Earth, 
(2) the distribution and dissipation of potential gravitational and nuclear energy in 
developing cosmic structures, 3) the use of stellar and galactic models for estimating 
the uncertainty of conditions for planet formation, and 4) the risk of contacting 
potential ETI. 

The chapters on complexity issue in biological evolution cover the role of viruses 
in early evolution and ecosystem dynamics, the role of infectious diseases in civiliza-
tion history, and the integration of complexity and Big History concepts in teaching 
undergraduate biology. 

The chapters on complexity issue in human evolution cover how AI might help 
not only the future with advanced technology but also how it might lead to insights 
concerning human brain evolution. Human lifespans can be seen to be a fundamental 
clock of civilization and the possible rate possible change. While lengths and masses 
for many Big History objects can be estimated, a first guess at the lifetime of humans 
is difficult in that it requires the understanding of biology, human processing, and 
social integration. Then it needs to be compared with the lifetime of the universe so 
far, which has been related to fundamental physics parameters. Yet, energy flow has 
been one necessary (but insufficient) condition for generating increasing complexity.
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How these relationships hold under various conditions of time, scale, and levels can 
give further insight into the flow of energy in human systems. 

Finally, there is the consideration of civilization evolution. This again looks at 
energy and resource use throughout the life cycles of empires. The comparison of 
the increase in population and its concentration in complex urban size distributions 
networks, and finally, the complex relationship of war and social complexity can 
begin to disentangle the role war has played through history. 

Some of these chapters clearly cover more than one phase of Big History, e.g., the 
comparison of trends in cosmic and terrestrial evolution, the role of energy dissipation 
in physical complex systems versus complex adaptive systems, and combing the 
development in all 4 phases to gain insight into the relationship of the lifespan of a 
human to that of the universe. 

Arguably, few would dispute that complexity stands as one of the key concepts in 
Big History. Yet, given the substantial gaps in our understanding of the complexity 
concept, any novel ideas or hypotheses are warmly welcomed. We hope that this 
announced volume will help advance understanding of complexity phenomenon in 
Big History. 
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