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The theory of “punctuated equilibria” proposed by Eldredge and Gould is conceived as a special case 
applied to the field of paleobiology of the more general dynamic of emergence in self-organized 
adaptive systems.  “Punctuated equilibria” has been sporadically applied as a descriptor of change in 
social systems, and elsewhere the underlying methodological linkage to emergence has been noted.   
However, it is proposed that a more formal application of emergence theory to changes in human 
social systems offers the potential for new insight.  The distinction between “epistemological” and 
“ontological” emergence is discussed and the key concept of “reciprocal causality” introduced.  
Documented examples of ontological emergence in animal and ecological self-organization are 
reviewed.  A theoretical framework is then applied, for illustrative purposes, to three cases of pre-
historical and historical emergence in human social systems – language, agriculture and the 
scientific/industrial revolution.  The framework is then applied to potential phase transitions in the 
current human system. 
 

 

In a foundational paper written in 1972, Eldredge and Gould proposed that the tempo in which different species 
evolved followed a very different dynamic than had previously been assumed (1).  Ever since Darwin’s publication 
of On the Origin of Species (2), most proponents of evolutionary theory had held a gradualist view of speciation (3).  
In contrast, Eldredge and Gould proposed what they called “punctuated equilibria” as the general rule for 
divergence of species.  They argued that “evolutionary trends are not the product of slow, directional 
transformation within lineages,” but that “punctuational change dominates the history of life”(4).  Evolution, they 
claimed, “is concentrated in very rapid events of speciation”(4). 

While Eldredge and Gould’s theory has not been without its critics (5), it has had a resounding impact on 
approaches to evolutionary theory.  Mayr (3) observed that “whether one accept this theory, rejects it, or greatly 
modifies it, there can be no doubt that it had a major impact on paleontology and evolutionary biology”.  Recently, 
the theory has received new empirical support from a statistical analysis of the pattern of genetic change in 
phylogenies of animal, plant and fungal taxa, showing an exponential distribution that would be predicted by the 
punctuated equilibria hypothesis (6). 

In the same year as Eldredge & Gould published their paper,  Lorenz gave a paper (7) to the American Association 
for the Advancement of Science entitled Predictability: Does the Flap of a Butterfly’s Wings in Brazil set off a 
Tornado in Texas?, a major milestone in the scientific acknowledgement of the importance of non-linear dynamics 
in complex systems.   Since then, there has been tremendous growth in both the sophistication and reach of 
attempts to understand self-organized complex systems (8-9).  One of the crucial elements generally identified in 
such self-organized systems is the phenomenon of emergence, where a system is seen to undergo a nonlinear 
phase transition as a result of dynamic interactions between both bottom-up and top-down processes (10). 

This paper proposes that the dynamics of punctuated equilibria described by Eldredge and Gould are integrally 
linked to the behavior of complex adaptive systems, and may potentially be viewed as a particular case of 
emergence applied to the field of paleobiology.  It is suggested that the principles of change in self-organized 
systems could usefully be applied to a wide range of areas of human behavior, and may offer the social sciences a 
methodology that could provide new pathways for understanding the dynamics of social change.  

Wider applications of “punctuated equilibria” 

Eldredge and Gould were, themselves, aware that their observations might have applicability beyond their own 
field of paleobiology, suggesting that “a punctuational view of change may have wide validity at all levels of 
evolutionary processes”(4).  Later, Gould (11) greatly expanded the potential scope of his findings, proposing that: 



In the largest sense, this debate is but one small aspect of a broader discussion about the nature of change: Is our 
world … primarily one of constant change (with structure as a mere incarnation of the moment), or is structure 
primary and constraining, with change as a "difficult" phenomenon, usually accomplished rapidly when a stable 

structure is stressed beyond its buffering capacity to resist and absorb. 

The concept of punctuated equilibria has, indeed, been applied sporadically in other disciplines within the social 
sciences.  For example, Klein (12) refers to it in characterizing his view of the pattern of human evolution; Atkinson 
et al. (13) see it as a model for the evolution and divergence of languages; and Mokyr (14) sees it as a “paradigm 
for technological history” in analyzing the phenomenon of the Industrial Revolution.  However, in each of these 
cases, while analogy is made to the original observations of Eldredge and Gould, there is no attempt to discern the 
underlying causes for the structural similarity, and no reference made to the methodologies used in understanding 
complex adaptive systems. 

When there has been explicit acknowledgement of the linkage between “punctuated equilibria” and self-organized 
systems, this has tended to come from theoreticians in the physical sciences expanding their model to the 
biological sciences.  Bak and Sneppen (15), for example, refer to Gould when describing a theoretical model of 
biological evolution, stating that “the model self-organizes into a critical steady state with intermittent 
coevolutionary avalanches of all size; i.e. it exhibits ‘punctuated equilibrium’ behavior.”  They describe “self-
organized criticality” as “the tendency of large dynamical systems to organize themselves into a ‘poised’ state far 
out of equilibrium with propagating avalanches of activity of all sizes.”  In a later paper (16), they apply power-law 
distributions to show that, theoretically, large catastrophic extinctions “can occur as the natural consequence of 
the internal dynamics of biology, with no explicit need for external triggering mechanisms”. 

Limited use of complexity theory in social sciences 

The work by Bak and Sneppen falls into the category of physicists applying the tools of complexity science across 
the disciplinary divide into biological science.  This particular inter-disciplinary “encroachment” has become 
widespread, leading to rich discoveries in a diverse range of fields from collective animal behavior to cellular 
dynamics (10, 17-23).  However, the instances of social scientists applying some of the systemic findings of 
complexity science to their own fields are rare.   

In one illustrative case (24), anthropologist Yoffee applies the dynamics of self-organized criticality to analyze 
emergent behavior in cultural evolution.  He explicitly identifies ancient states and civilizations as complex 
systems, proposing that “the task is not to ask whether a society is complex but how it is complex.”  Yoffee 
characterizes the growth of city-states in Mesopotamia as a “phase transition,” offering the analogy of the 
paradigmatic physics case of heated water turning to steam only after it has reached 100 degrees Celsius.   

However, while Yoffee’s analogy of heated water represents a step forward in the application of physical 
dynamical theories to social sciences, it fails to capture an essential characteristic of emergence in complex self-
organized systems: that of the interactivity of both bottom-up and top-down dynamics in driving a system towards 
a phase transition.  This is the characteristic of self-organized systems which may offer the greatest richness to 
social scientists interested in applying complexity theory to their own disciplines. 

“Epistemological” versus “ontological” emergence 

It is helpful, in understanding this kind of emergence, to refer to the distinction made by Silberstein & McGeever 
(25) between what they call “epistemological” and “ontological” emergence.  Epistemological emergence refers to 
the kind of phase transition mentioned by Yoffee, as seen in water coming to a boil.  It is termed epistemological 
because the specific changes in the system as it undergoes a phase transition are in principal “reducible to or 
determined by the intrinsic properties,” although they are not in practice knowable.  Because of the difficulty in 
explaining or predicting discrete activity, the systemic properties are usually described at a higher level, such as 
“averaging, gas laws and statistical mechanics in general.”  For this reason, “epistemologically emergent properties 
are novel only at a level of description.” 

By contrast, ontological emergence is “not reducible to any of the intrinsic causal capacities of the parts nor to any 
of the (reducible) relations between the parts.”  In this case, the system taken as a whole exerts a “causal 
influence” on the discrete parts of the system, which are distinct from the “causal capacities of the parts 



themselves.”  Thus there is a global, irreducible dynamic interdependently involving the effect of the parts on the 
whole as well as the effects of the whole on the parts.  Ontological emergence would characteristically tend to be 
seen in biological systems, ranging from intra-cellular dynamics(22-23, 26-27) to consciousness (23, 28-30), or in 
systems which incorporate significant biological elements such as global climate (31) or human societies (32). 

The acknowledgement of ontological emergence and its formal application to the social sciences has generally 
been approached from a theoretic perspective (33), with relatively infrequent attempts made to apply the theory 
to specific cases (34).  In order to explore a general framework through which this might be achieved, it is 
necessary first to note the dynamics of what Varela et al. (19) have called the “reciprocal causality” of ontologically 
emergent systems.  Here is their description: 

Emergence through self-organization has two directions.  First, there is local-to-global determination or ‘upward 
causation,’ as a result of which novel processes emerge that have their own features, lifetimes and domains of 
interaction.  Second, there is global-to-local determination, often called ‘downward causation’, whereby global 
characteristics of a system govern or constrain local interactions.  This aspect of emergence is less frequently 
discussed, but has long been noted by researchers in the field of complex dynamical systems.  It is central to some 
views about consciousness and the brain… 

Although usually called ‘circular causality’, this reciprocal (but not symmetrical) relationship between local and global 
levels seems better described as ‘reciprocal causality’. 

Animal and ecological models of self-organization 

Before exploring the possible application of this aspect of emergence on human social systems, it will be helpful to 
establish a conceptual foundation by briefly discussing how this approach has been used in understanding animal 
self-organization and ecological systems, two areas that have already gained substantially from this perspective.   

Sumpter (35) describes the emergence of order in ant pheromone trails as “the canonical example of a self-
organized animal behaviour.”  As ants forage for food, they leave pheromone trails signalling their pathways to 
other ants from their colony.  When a food source is 
discovered, the number of ants adding pheromone to the food 
source trail quickly increases.  However, as the pheromone 
evaporates, the trail may go cold.  Therefore, there would in 
theory be a certain size of ant colony at which the frequency of 
ant pheromone deposits exceeds the evaporation rate, 
thereby leading to emergent self-organization of foraging 
activity, directing increased numbers of ants to the food 
source.  Beekman et al. (36) developed a model to predict the 
nonlinear behavior arising from this dynamic and 
demonstrated its empirical validity through experimentation 
on ant colonies of various sizes.  The paradigmatic phase 
transition curve of their model is shown in Figure 1.   In this 

model each ant, acting autonomously, may be viewed as 
providing “local-to-global” upward causation through its 
pheromone deposits.  However, if a large enough number of 
ants discover the food source, this leads to what Varela et al. 
term “downward causation,” further increasing the frequency of 
ant trails to the food source.   

Although Beekman et al. analogize their findings to the phase 
transitions of physical systems, alluding to the transition of 
water to ice, I would suggest that this analogy fails to distinguish 
between epistemological versus ontological types of emergence 
as described by Silberstein & McGeever.  In the case of the ants, we see true ontological emergence as 
characterized by reciprocal causality.  The driver for the phase transition is endogenous to the dynamics of the ant 
colony rather than arising from exogenous influence.  By contrast, in the case of the ice/water/steam phase 

Figure 1: Model prediction of how the number of 
foragers visiting a feeder changes with number of ants in 
the colony. The black line is the predicted stable 
equilibrium for number of foragers. The grey line is the 
unstable equilibrium. If fewer ants than the unstable 
equilibrium initially discover the source, then the total 
increase in foragers will be determined by the lower 
stable equilibrium. However, if the initial discovery is by 
a larger group than the unstable equilibrium, then the 
increase will be to the upper equilibrium. – Reproduced 
from (35). 



transition, the driver is purely exogenous in the form of an external heat source, and there is no intrinsic top-down 
influence found in the properties of the water. 

Scheffer et al. (37) describe a similar positive feedback dynamic to Sumpter’s in an analysis of the aridity of 
ecosystems, referring a study by Rietkerk et al. (38).  When an ecosystem is well irrigated, there is “positive 

feedback between plant growth and availability of water,” 
arising from greater root penetration into the soil and the 
shading effects of foliage.  At a certain level of aridity, these 
positive feedback effects are lost, and a critical phase 
transition ensues, as illustrated in Figure 2.  Again, it is 
proposed that this is a case of ontological emergence, 
where the global characteristic of biomass exerts 
downward causation on the discrete units of vegetation, 
each of which reciprocally impacts the overall biomass. 

What is identifiable in both of these models of self-
organized emergence is that there is not just a simple 
phase transition but a critical bifurcation of equilibrium 
states.  Both cases exhibit hysteresis, where two different 
equilibria exist and once there has been a catastrophic shift 
from one equilibrium to the other, it takes a significant 
change in an exogenous variable to move the system back 
to the original state of equilibrium.  This relates back to 

Gould’s view, cited above (11), of change as a “’difficult’ phenomenon, usually accomplished rapidly when a stable 
structure is stressed beyond its buffering capacity to resist and absorb.”  While Gould described this phenomenon 
with characteristic clarity, at that time the scientific and mathematical tools were lacking to explain the underlying 
causes, tools which have now been developed as in the examples given. 

It is suggested that these paradigmatic explanations of ontologically emergent change in self-organized systems 
can be profitably applied to significant phase transitions in human history.  I will briefly summarize opportunities 
for possible exploration in the emergence of three major pre-historical and historical stages of human 
development – language, farming, and the scientific/industrial revolution – and finally in the current global system.   
It is emphasized that each case is discussed, not to arrive at conclusions, but to test the framework and illustrate 
how it might be applied.  In each case, the objective is to highlight how analyzing these changes as emergent phase 
transitions in self-organized systems might inform ongoing debates on key issues. 

Language 

The timing and dynamics of the appearance of language in humans remains a hotly debated issue (12, 39-44).  
Aiello & Dunbar (39) argue for “a gradual and continuous transition from non-human primate communication 
systems,” suggesting an early evolution in the Middle Pleistocene (ca. 300,000 years ago).  Similarly, McBrearty & 
Brook (41) support early and gradual language evolution, proposing “continuity, rather than discontinuity, 
between human and nonhuman primate cognitive and communicative abilities.”  However, if early human social 
organization is viewed as a complex adaptive system, then the appearance of language might be explained as an 
emergent phenomenon, with characteristics similar to the critical bifurcations of equilibrium states as described 
above.  This characterization would lead to a view of the onset of language as a more rapid, critical phase 
transition.     

In support of an emergent view of language development, Goodenough & Deacon (45) describe a suite of uniquely 
human traits – “symbolic languages, cultural transmission of ideas via languages, and generation of an 
autobiographical self” – as “quintessentially emergent: they are constructed bottom-up and then deeply 
influenced by environmental contexts.”  Deacon (46) explains the global-to-local downward causation of the 
network of symbols required for language to emerge: 

symbols cannot be understood as an unstructured collection of tokens that map to a collection of referents because 
symbols don’t just represent things in the world, they also represent each other.  Because symbols do not directly 

Figure 2: Model showing how ecosystems may approach 
a bifurcation point as they reach a certain level of aridity, 
leading to a critical transition to a barren state. 
Reproduced from (37). 



refer to things in the world, but indirectly refer to them by virtue of referring to other symbols, they are implicitly 
combinatorial entities whose referential powers are derived by virtue of occupying determinate positions in an 
organized system of other symbols. 

The complex network of symbols characteristic of language would be analogous to the dense vegetation of the 
ecology described above, where the biomass exerted downward causation on individual plants.  This unique 
feature of language has similarly led Noble & Davidson (43) to argue that “symbols are either present or absent, 
they cannot be halfway there,” and Tattersall (47) to state that “emergence rather than natural selection is thus 
implicated in the origin of human symbolic consciousness.”   

In this case then, what would be the local-to-global agent exerting reciprocal forces on the system-wide symbolic 
network?  One candidate would be the prefrontal cortex of each discrete human agent within a cultural grouping.  
The human prefrontal cortex has been identified as the brain region, more highly evolved in humans than other 
mammals, primarily responsible for mediating symbolic information (46).  However, as observed in cases of feral 
children (48), a single prefrontal cortex is unable to create its own symbolic network, in the same way that a single 
tree is unable to create its own ecology. 

Agriculture 

The critical transition of human activity from foraging to agriculture is commonly viewed as “the most profound 
revolution in human history” (49).  It also demonstrates the same hysteresis noted in the shifts in ecological 
equilibria above.  In the words of Lewis-Williams (50), “humankind had somehow crossed a Rubicon: there was no 
turning back.”  Occasionally, this transition has been described in terms reminiscent of self-organized phenomena.  
For example, Cauvin (51) writes: 

The different factors continually impact on one another in an almost circular movement of reciprocal interactions, 
without anyone being able to identify exactly what set the wheel of change in motion at the end of the tenth 
millennium. 

However, a view of the rise of agriculture as an emergent phenomenon in a complex, self-organized system would 
imply that, in fact, no discrete factor or factors will ever be “exactly” identified, because the phase transition 
emerges instead from the systemic flow of the reciprocal local-to-global and global-to-local interactions.  In this 
view, instead of attempting to identify and prioritize specific causes, more attention might profitably be spent 
describing the positive (and potentially negative) feedback dynamics leading to the catastrophic shift from one 
equilibrium to another. 

In the case of human self-organization dynamics, as opposed to non-human animals, it is proposed that a full 
description of state changes may require an understanding of the interplay between two separate but closely 
related systems: a tangible system of physical interdependencies, and a cognitive system of individual and 
collective constructs of meaning and values within a social grouping.  It is suggested that these two systems are 
tightly interwoven, so that in addition to emergent forces arising within each system, the tangible and cognitive 
systems apply forces with either positive or negative feedback to each other.  This would lead to a case of dyadic 
emergence, where two self-organized systems exert nonlinear feedback on each other, potentially more 
challenging to analyze and exhibiting more powerful hysteresis once a phase transition has emerged.  

An example of emergence in the tangible system would be wheat mutation dynamics (51-53).  Wild varieties of 
wheat possess weak stems and strong husks, aiding seed propagation but impeding the ease of human harvesting.  
Over many centuries (perhaps millennia) humans are believed to have inadvertently selected for strains of wheat 
with stronger stems and weaker husks, by gathering those seeds which had already fallen to the ground on 
account of these properties.   Through initial accidental spills, and later through conscious sewing, the wild einkorn 
and emmer wheats of the Near East evolved into more domesticated varieties.  However, the same properties that 
made these varieties attractive to humans also made them unable to survive in the wild.  Therefore, as human 
reliance on domesticated wheat reached a critical threshold, the necessity to cultivate the wheat exerted a global-
to-local force on human behavior (24).  The same dynamic holds true for animal domestication, where smaller size 
and reduced ferocity would have been selected for by humans, again reducing the evolving species’ ability to 
survive without human intervention (24).  An analogy can be drawn to the ant colony described by Sumpter, where 
above a critical threshold, the global-to-local influence drives the system to a new equilibrium. 



In the cognitive system, a major phase transition has been suggested by Cauvin’s theory (51) of a “revolution in 
symbols” that arose around 10,000 B.C. permitting for the first time the social conceptualization of an 
“appropriation of nature” (54).  Evidence of this transition has been postulated, for example, by “natural” circular 
shapes in the construction of housing giving way to humanly conceived rectangular structures (51).  Barker (49) 
describes this cognitive phase transition as follows: 

once people became farmers, their cognitive world had to shift profoundly from a sense of belonging to and being 
part of the wild to ‘acculturating’ it as it became something to control and appropriate rather than be part of.   

Cauvin argues that this revolution in symbols preceded the rise of agriculture and was a primary causative factor.  
However, viewing this shift in terms of dyadic emergence would reduce the likelihood of this chronology.  Rather, 
in the words of Grosman et al. (55), we would expect to see “an inseparable interplay … between ideological and 
socioeconomic change across the forager-to-farmer transition.” 

Further analysis of agriculture as an emergent property might identify and classify local-to-global and global-to-
local dynamics in both the tangible and cognitive systems, and then follow positive feedback flows between the 
systems to better describe the critical transition where the forager equilibrium gives way to a fundamentally 
different agriculture equilibrium.   Additionally, negative feedback flows between the two systems might be traced 
to describe pathways to other less stable equilibria that have been observed, such as sedentism (primarily foraging 
behavior but in a more settled locale) (56-57). 

Scientific/Industrial Revolution 

The emergence of modern scientific thinking in Europe, beginning in the seventeenth century, led to the profound 
worldwide changes in human society that define our modern era.  Although this process has been extensively 
studied (14, 58-64), there is very little convergence of opinion regarding the causes for this unique transition in 
human history.  Indeed, as Shapin [cited in (63)] has observed, “many historians are now no longer satisfied that 
there was any singular and discrete event, localized in time and space, that can be pointed to as ‘the’ Scientific 
Revolution.”  A view of the scientific revolution as an emergent process would validate this perspective and 
encourage emphasis on the interactive dynamics of bottom-up and top-down factors over attempts merely to 
prioritize the relative importance of specific drivers.  As in the case of agricultural emergence discussed above, a 
model of tightly interwoven tangible and cognitive systems creating dyadic emergence might offer a helpful 
approach. 

Many different tangible local-to-global factors have been proposed for the unique transformation of European 
society, among them: the geography of Europe’s coastlines (65), abundant coal deposits (58) , a wide variety of 
ecological niches (65), the discovery of the New World (58) and the distance from Mongol invasions (64, 66).  The 
same is true for cognitive local-to-global factors, which include: political fragmentation (14, 64, 67), the Protestant 
work ethic (60, 68-69), the Roman legal tradition (61), the rise of the university (70-71) and a coalition between 
capitalistic and religious belief (60).  The heterogeneity of these factors is such that many have despaired of finding 
a meaningful pattern.  Chirot (64), for example, argues that  

A coherent answer cannot be elegant, and it is unlikely to generate theoretical propositions about the future.  Rather, 
a combination of narrative reference to basic geographic facts, and a few assumptions about the relationship 
between politics and economics contains the best possible solution.  Those looking for the simplicity of a few 
equations and universal theories about social change can only be disappointed. 

This approach may be analogized to a mechanical engineer attempting to use linear modeling to describe the 
dynamics of wave patterns in turbulence (72).  Without the perspective of the nonlinear global-to-local impact on 
the discrete parts of the system, no meaningful pattern is identifiable.   

Further complicating the picture, it has frequently been observed (14, 59, 61, 66, 73-74) that comparable local-to-
global characteristics have at times existed in other regions of the world, most notably in China during the Song 
and Ming dynasties, which was responsible, in Gernet’s view (66), for “all the great inventions which were to make 
possible the advent of modern times in the West,” including paper, the compass, explosives, movable type printing 
and cast iron.  For this reason, as Abu-Lughod (59) notes, “no simple, deterministic explanation can account for 
Europe’s later hegemony.”   



This leads to the inevitable question of what, if anything, was unique to Europe at that time to cause such a 
fundamental transition.  As in the case of agricultural emergence, might a global-to-local cognitive process be 
identified in the West which interacts with local-to-global cognitive drivers to produce a phase transition in the 
predominant worldview, thereby impacting the tightly linked tangible system?  Gaukroger (63) identifies a newly 
conceptualized scientific worldview as the “single most fundamental feature of the modern era,” profoundly 
altering the West’s sense of itself, as “cognitive values generally came to be shaped around scientific ones.”  His 
description of this process closely resembles the global-to-local dynamic as characterized by Varela et al.: 

The issue is not just that science brought a new set of such values to the task of understanding the world and our 
place in it, but rather that it completely transformed the task, redefining the goals of enquiry.   

An example of how this global-to-local cognitive transition then provided positive feedback to the tightly linked 
tangible system is the chartering of the British Royal Society in 1662, following Bacon’s vision fifty years earlier 
(75), with the unprecedented goal, in Glanvill’s words [cited in (75)] ‘that Nature being known, it may be master’d, 
managed, and used in the Services of human Life.’  The institutional framework of the Royal Society and similar 
societies that sprang up regionally may be seen as providing a network, like the foliage of the ecological example 
described earlier, creating a more fertile environment for further discrete scientific innovations.  In Zilsel’s words 
(76), “scientists for the first time in history systematically collaborated.”  In the first issue of the Philosophical 
Transactions, edited by the Royal Society (1666), Oldenburg, the Society’s secretary, declared the publication’s 
goal that others “may be invited and encouraged to search, try, and find out new things, impart their knowledge to 
one another, and contribute what they can to the Grand design of improving Natural knowledge” *cited in (76)].  
These innovations, in turn, spurred accelerating positive feedback in the tangible system, such as the canonical 
example of the invention of the steam engine leading to significant efficiency increases in coal mining (14). 

The next social phase transition? 

The methodology proposed for analyzing change in historical social systems might be applied with equal validity to 
the current world.  It is generally recognized that our society is experiencing change at a continuously accelerating 
rate (77-82).  How might a framework conceptualizing dyadic cognitive and tangible systems in modern society 
describe the possible trajectory of this change? 

In the cognitive system, the reliance of our global society on the idea of progress, specifically in the form of 
economic growth, has been observed by McNeill, among others, as in the following [cited in (78)]: 

Capitalists, nationalists – indeed almost everyone, communists included –worshiped at this same altar because 
economic growth disguised a multitude of sins… Social, moral, and ecological ills were sustained in the interest of 
economic growth; indeed, adherents to the faith proposed that only more growth could resolve such ills.  Economic 
growth became the indispensable ideology of the state nearly everywhere… The overarching priority of economic 
growth was easily the most important idea of the twentieth century. 

The connection between economic growth and technological innovation was epitomized at the end of World War 
II in a foundational report [cited in (63, 83)] to the President of the United States by Vannevar Bush entitled 
Science—The Endless Frontier (1945), which acknowledged explicitly that “new products, new industries and more 
jobs require continuous additions to knowledge of laws of nature, and the application of that knowledge to 
practical purposes.”  Since then, this linkage has become integral to modern economic and political thought.   

It is conceivable that technological and economic progress, which had previously been a feature of multiple local-
to-global dynamics in the modern cognitive system, has now been transformed into a global-to-local driver of 
change.  Analogizing to the case of agricultural emergence, where the domestication of crops, initiated 
sporadically, reached a threshold where it became a global driver of human behavior, it is suggested that in the 
current age, technological and economic change, once an output of human activity, has become a global driver of 
that activity.  A fundamental characteristic of our modern age is that the global economic and social system 
requires continual growth in order to maintain its stability, leading to a current equilibrium defined by accelerating 
change. 

If we then attempt to trace the positive feedback of accelerating change onto the tangible system, we can discern 
two different, and seemingly incompatible, potential trajectories.  In one trajectory, emphasis is placed on how 
exponentially accelerating computing power fuels the rate of change in other technologies such as genetic 



engineering and artificial intelligence (84-92).  Extrapolating this trend, some observers (87-88, 90, 92) predict a 
major discontinuity, named “the Singularity,” whereby “the pace of technological change will be so rapid, its 
impact so deep, that human life will be irreversibly transformed” (87).  While proponents emphasize presumed 
benefits from this discontinuity, even those fearful of the anticipated transition (86, 93) concur that a shift to the 
new equilibrium will exhibit hysteresis perhaps even more extreme than in the other cases of emergence 
examined above.  As stated by Warwick [cited in (93)]: 

Once the first powerful machine, with an intelligence similar to that of a human, is switched on, we will most likely 
not get the opportunity to switch it back off again.  We will have started a time bomb ticking on the human race, and 
we will be unable to switch it off. 

Concurrent with this trend, but leading to a seemingly incompatible trajectory, is the accelerating human impact 
on the environment.  Vitousek (94) has documented the human transformation of the earth’s ecosystems, 
including such major components as land transformation, CO2 concentration, water use, nitrogen fixation, plant 
invasion, bird extinction and marine fisheries.  Lubchenco (83), summarizing these trends, notes that: 

during the last few decades, humans have emerged as a new force of nature. We are modifying physical, chemical, 
and biological systems in new ways, at faster rates, and over larger spatial scales than ever recorded on Earth.  The 
outcome of this experiment is unknown, but has profound implications for all of life on Earth. 

Röckstrom (95), among others , has proposed that a new geological era, the Anthropocene, has taken over from 
the Holocene, “in which human actions have become the main driver of global environmental change.”  He, in 
concert with others in the scientific community (77, 79, 83, 94, 96), warns that continuing growth in human 
activities could “push the Earth system outside the stable environmental state of the Holocene, with consequences 
that are detrimental or even catastrophic for large parts of the world.” 

Although the timing of both of these projected discontinuities are inherently unknowable, the foregoing analysis 
implies that, as long as technological and economic progress continues as an overriding global-to-local influence in 
the cognitive system, one or other of these discontinuities may be anticipated.  The global human system could be 
described as approaching a bifurcation point leading to a phase transition to one or another new equilibrium, 
characterized either by technological transformation of the human race or by catastrophic environmental 
degradation.  Whether these shifts are mutually incompatible, as first seems apparent, or potentially coextensive, 
remains an open question. 

Conclusion 

A methodology has been introduced to describe major human social transitions using a theoretical framework 
provided by advances in the understanding of self-organized systems.  The framework relies on the concept of 
ontological emergence characterized by the reciprocal causality of local-to-global and global-to-local influences.  
Additionally, when applied to human social systems, it is proposed that two tightly interconnected systems may 
co-exist – cognitive and tangible – which continually interact, occasionally leading to mutually reinforcing positive 
feedback mechanisms, resulting in dyadic emergence exhibiting strong hysteresis.  This framework has been 
applied to three major human transitions occurring in the past and to our current global system.  In all cases, no 
conclusions are claimed; it is hoped that the application of the framework to particular cases tests the robustness 
of the approach and illuminates potential avenues for further exploration by those with expertise in the particular 
areas discussed. 
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