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Abstract:   This contribution examines the current controversy over research 
productivity.  There are two sides in this controversy.  Using extensive data from several 
industries and areas of research, one side argues that research productivity is currently in 
decline.  The other side disputes this conclusion.  It contends that the data used in making 
this argument are selective and limited; they do not reflect the overall state of research.  
The conclusion that follows from this critique is that the indicators of research 
productivity we currently use are not reliable and do not warrant a definitive answer to 
the problem. 
   
The article agrees that we need a new set of indicators in assessing research productivity.  
It proposes that we should look at global indicators related to knowledge production in 
general, rather than look at selective data that are inevitably limited in their scope.  The 
article argues that the process of creation plays the essential role in knowledge 
production.  Therefore, the perspective that uses the process of creation as its central 
organizing principle offers a unique and global view on the production of knowledge and 
makes a definitive resolution of the controversy possible.  The article also outlines some 
steps for improving research productivity and realizing the full potential of the human 
capacity to produce knowledge. 
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Introduction 
 
Since the onset of the industrial age the world has experienced an unprecedented progress 
that has transformed our civilization.  Much of this progress is due to systematic and 
concerted efforts to expand our knowledge.  The logic of these efforts is very 
straightforward.  It follows from the widespread belief that investment is the key to 
stimulating knowledge production.  Government agencies and private investors across the 
globe have contributed billions upon billions to stimulate knowledge growth, expecting 
that these contributions will lead to new ideas and approaches that will lead to the 
continued and sustained advancement of our civilization. 
 
Investments in knowledge production have been increasing over the years.  Allocating 
more resources to research and development is a popular theme these days.  Many regard 
such allocations as a major, if not the only way to solve the problems that the world 
currently faces.  This expectation, for example, has recently moved American Congress 
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to increase dramatically the funding for research and development in the U.S. as a way of 
moving the country forward.1   
 
Yet the wisdom of such investments does not go unchallenged.  There is a growing sense 
that the returns on these investments have been progressively and even exponentially 
diminishing.  Many researchers point out to abundant data showing that research 
productivity over the last several decades has been in decline.  They differ in their 
explanations for this development but they are uniform in their pessimistic conclusion. 
 
There are critics who challenge this conclusion.  They dispute the data and question 
approaches used in analyzing it.  However, they do not definitively reject the conclusion.  
Their main point is that currently there is simply no effective way of measuring 
innovation.  In other words, they argue that we simply do not know whether our research 
productivity is in decline or not.  The critics do not claim that the controversy over 
research productivity is in principle irresolvable, which suggests that a different approach 
may be successful in providing its definitive resolution. 
 
This article takes up the challenge of resolving the controversy over research 
productivity.  It explores a different route in addressing this problem.  Rather than focus 
on micro facts from different areas of research and development and argue for or against 
their reliability, it proposes to look at the facts that are more general:  the patterns of the 
process that generates knowledge in general and the effects that new knowledge produces 
on our global view of reality as a whole, as well as on our use of resources, including 
environment.  The pursuit of this route will require a discussion of what knowledge is and 
how it is produced.  The discussion will provide the answer to the critical questions why 
and how knowledge grows and why it grows exponentially.  Just like the current 
approaches in this controversy, the approach proposed in this article is also fact based.  
However, unlike the facts used by the current contributors to the debate, the facts the new 
approach uses are not a subject of dispute and, therefore, offer a prospect for definitive 
resolution. 
 
 
The Controversy Over Research Productivity 
 
For over several decades there has been a steady stream of contributions in both scholarly 
and popular venues that alert the public to a decline in research productivity.  Perhaps the 
biggest concern expressed in these contributions is that they do not see this decline as a 
temporary development but as a long-term tendency that has persisted for decades with 
significant consequences for our economy and society.2  The titles of these contributions 
are alarming.  Several examples give a good idea of their general tone:  “Diminishing 
Returns?  U.S. Science Productivity Continues to Drop,”3 “Slowed Canonical Progress in 
Large Fields of Science,”4 “Bang for the R&D Buck Is in a Long, Steady Decline,”5 
“New Ideas Are Getting Harder to Find--and More Expensive,”6 “In an Era of Tech 
Innovation, Whispers of Declining Research Productivity.”7  These are just some of the 
milder ones.  The title of the article “We Are Out of Big Ideas”8 that appeared in The 
Wall Street Journal is much more dramatic and looks like a cry of desperation. 
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Summarizing what these and many similar contributions9 convey to the public, Philip 
Böing and Paul Hünermund write in their article “A Global Decline in Research 
Productivity? Evidence from China and Germany”: 
 

Economists have proposed that continual decline in research productivity 
at the technology frontier potentially drives the observed stagnating or 
slowing growth rates in advanced economies over time (Gordon, 2016; 
Cowen, 2011).10 

 
The publication that has become a definitive contribution on this subject is the 
article that was published in 2017 by Nicholas Bloom and his co-authors and has 
attracted much attention.  The article challenges one key assumption made by 
many so-called endogenous growth models that “a constant number researchers 
can generate constant exponential growth.”11  Using a metric of “research 
productivity” they have devised, Bloom and his co-authors examine a number of 
areas where growth heavily depends on research and knowledge.  One example 
they provide relates to computing technology and the so-called Moore’s Law.12  
Their findings show that the number of researchers needed to sustain Moore’s 
Law has increased 18-fold since 1971 and, consequently, productivity per 
researcher has fallen in the same proportion.  They have also looked in other 
directions to confirm their findings:  agricultural production, medical research, 
mortality and life expectancy, new molecular entities, and the aggregate figures 
for the economy as a whole.  Their results show that  
 

Taking the U.S. aggregate number as representative, research productivity 
falls in half every 13 years—ideas are getting harder and harder to find. 
Put differently, just to sustain constant growth in GDP per person, the U.S. 
must double the amount of research effort searching for new ideas every 
13 years to offset the increased difficulty of finding new ideas. 13 

 
The conclusion that intellectual productivity is exponentially declining everywhere has 
gained wide acceptance.14  In less than five years since its publication, the article received 
56- citations.15  The prevailing view today is that research productivity is in decline, and 
not just in some individual countries, but rather that this decline has a global character.16 
 
Despite this broad agreement, there are significant differences among those who make 
this claim.  They disagree, for example, in their explanations of the decline.  Some see it 
as the result of persistent and structural factors; others attribute it to transitory and 
fortuitous conditions.  Although these disagreements present opportunities to have a 
multi-dimensional view of the decline, they do create confusion in assessing the 
magnitude of the problem. 
 
Benjamin Jones sees structural causes of the decline.  In his influential and much cited 
paper “The Burden of Knowledge and the ‘Death of the Renaissance Man’:  Is Innovation 
Getting Harder?” argues that the cause is the very success in knowledge production.  Due 
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to the enormous accumulation of knowledge, generating new ideas requires a much 
longer period of education.  One must clime on the shoulders of giants, which takes up 
considerably more time than in the past.17  “If a rising burden of knowledge is an 
inevitable by-product of technological progress,” Jones concludes, “then the model 
indicates pessimistic predictions for long-run growth.”18  Although Jones’s prognosis 
does not offer much room for optimism, he does not exclude a possibility that the balance 
of forces affecting research productivity may change in the future, but the exploration of 
new possibilities, Jones insists, requires more investment needed.  Chris Callaghan also 
points to a growing body of evidence that supports predictions of burden of knowledge 
models.  According to Callanan, “We find some evidence supporting burden of 
knowledge perspectives.”  Like Jones, he all sees the growing need for more researchers 
and increased funding for research in the future.19   
 
Among popular structural reasons for decline is one that emphasizes the lack of genuine 
competition of ideas and the general ossification of science.  Salman Yousuf Guray and 
his co-authors observe, for example, a significant decline in productivity of medical 
faculty after attaining the rank of a professor.20  Flora Tien and Robert T. Blackburn also 
see the relationship between the rank system and researchers’ productivity.21   
Politization of research22 and the dominance of hierarchies in the research community23 
are two other structural factors that a number of researchers consider an important cause 
of decline, although the impact of these factors still remains underinvestigated.   
 
Then there are also many explanations that look away from structural causes to more 
passing and fortuitous conditions.  Some researchers in this vein argue that the decline in 
knowledge growth is due to the graying of our academy.  They explore the connection 
between the life cycle and research productivity.24  Timothy Salthouse, for example, 
examines consequences of age-related cognitive decline on researchers’ careers.25  Other 
researchers find such claims objectionable;26 and still others object to their objections.27 
 
Laura Hunter and Erin Leahey insist that the demands of parenting have a serious 
negative effect on research productivity, particularly among female researchers.28  
Workaholism and the tendency to work long hours among researchers is also among 
popular explanations,29 as is the impact of the pandemic.30  
 
As one can see, there is no shortage of explanations for the decline in research 
productivity.  They are very diverse and the only thing that they have in common is that 
they all accept the decline in knowledge growth as an indisputable fact.  Although this 
diversity reveals many different aspects of the problem, they do take away from the 
general claim:  with so many different and often contradictory explanations for the same 
phenomenon, one begins to wonder about the authenticity of the general claim they are 
supposed to affirm.  Discords in explanations for the decline in research productivity 
have encouraged the dissent from the orthodox claim. 
 
Indeed, dissonant voices have not been long in waiting.  Although Erik Brynjolfsson and 
Andrew McAfee31 largely agree that research productivity is in decline, their take on this 
development is different from that of the “burden of knowledge” theorists.  In contrast to 
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Jones and others, Brynjolfsson and McAffee argue that the declining rate of growth is 
relative, not absolute.  They use data from digital industry to make their point.  During 
the initial stage, innovative ideas did not require a great deal of effort:  opportunities for 
innovation were abundant and researchers did not need to spend a great deal of time and 
effort to pick up what was easily accessible.  However, as the industry advanced, in order 
to generate new ideas became, researchers had to go after innovations that required a 
great deal of more time and effort.  Brynjolfsson and McAfee use a metaphor of a low 
growing and high growing fruit to explain their point.  Researchers first went after low 
hanging fruit that was easy to pick.  However, as research progressed they had to go after 
less accessible rewards. 
 
In addition, Brynjolfsson and McAfee also argue that the character of research has 
changed over time.  Advances in knowledge today, they claim, are largely due to small 
incremental changes that result from recombination of existing ideas, rather than 
generating radically new knowledge.  The true work of innovation today, they write, “is 
not coming up with something big and new, but instead recombining things that already 
exist.”32  Digital innovation is, in their view, a perfect example of this progression to 
recombinant innovation. 
 
For Brynjolfsson and McAfee, these observations serve as the basis for optimism.  They 
indicate that knowledge growth is by far not over.  Brynjolfsson and McAfee underscore 
that the potential for knowledge growth remains very high but we need to adopt new 
practices that befit the current stage.  Knowledge growth, they claim, “is just being held 
back by our inability to process all the new ideas fast enough.”33  In other words, it is in 
our power to increase research productivity, or as another researcher put it, “Yes, Ideas 
Are Harder to Find. Don’t Panic Yet.”34  All we need to do is to develop the capacity to 
process new ideas faster.  Responding to their own rhetorical question whether 
knowledge growth is over, Brynjolfsson and McAfee emphatically proclaim:  “Not a 
chance!”  
 
Perhaps the most serious questioning of the entire issue of the existence of decline in 
research productivity has come from Alexey Guzey in the form of the response to Bloom 
under the title “Issues with Bloom et al's ‘Are Ideas Getting Harder to Find?’ and why 
total factor productivity should never be used as a measure of innovation.”35  Guzey sees 
several issues with the claim by Bloom and his co-authors.  His main concern is that there 
is simply no reliable way to measure the global trend in research productivity.  The total 
factor productivity (TFP) is not, in his view, a reliable way of measuring innovation.  He 
also argues that selection of data from individual industries and research venues cannot 
substantiate conclusions regarding global trends in research productivity.  His answer to 
the question whether research productivity declines is simple “We don’t really know.”   
 
Following his criticism, Guzey maintains that there is a need to develop a more 
comprehensive and global approach to the issue of research productivity.  He also insists 
that reforming research institutions and practices, rather than pouring more money into 
research, is a better path toward enhancing knowledge growth.36 
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Several takeaways that emerge from discussions of research productivity are relevant for 
the purposes of this article: 
 

1. The main argument that the current research productivity is in decline suggests 
that knowledge production, just like any other form of production, also requires 
resources and these resources can be depleted. 

 
2. The argument made, among others, by Brynjolfsson and McAfee that innovation 

today results primarily from recombination of the existing ideas points to one 
important conclusion.  Recombination of different ideas involves equilibration.  
Therefore, equilibration is an important aspect in knowledge production.  

 
3. Finally, the point made by Guzey, among others, that there is at this time no 

adequate metrics for assessing research productivity suggests that we need a new 
and more global approach toward knowledge production and that the current 
research institutions and practice are in need of reforms.   

 
 
Knowledge and the Process of Creation 
 
Discussions on research productivity have been going on for quite some time but even the 
most obvious questions related to this issue remain unanswered.  Researchers show that 
they may have some more or less informed intuitions about the dynamics of the current 
research productivity but they have not proven them conclusively and convincingly one 
way or another.  In this sense, one has to agree with Guzey that we really do not know 
whether research productivity declines or not.  Without a definitive answer, all theories 
on this subject are little more than intuitive approximations.  Indeed, there are many 
contributions on how to improve productivity, but without a fundamental theoretical 
insight into the production of knowledge, they offer little more than ad hoc 
recommendations.37  These contributions are mostly about pragmatic recommendations 
rather than in-depth explanations of the process involved.  At the end of the day, one 
must recognize that the only conclusion that has emerged from these discussions is that 
their results are inconclusive.  The subject of knowledge production is too deep and too 
important to be handled casually and without a theoretical foundation. 
 
The failure to explain or even determine whether research productivity is in decline 
makes Guzey’s argument regarding the need for a broader view increasingly attractive.  
Indeed, approaching the problem of knowledge production from a different and more 
comprehensive global angle may be a fruitful alternative to the current focus on micro 
data.  One possibility for moving forward that this article sees is to look at the general 
process of knowledge production that is common to all spheres where knowledge is 
produced and to examine factors and conditions characteristic for the process as a whole.  
Also, looking at major effects of knowledge production in cognate spheres—such as 
economy or use of resources, both human and non-human—may also provide useful 
indicators for determining knowledge growth. 
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What is knowledge? 
 
Since this article deals with the production of knowledge, defining knowledge is a good 
first step on this challenging path of exploration.  There is an abundance of definitions of 
knowledge that fit into different philosophical traditions.  Yet despite this abundance, the 
definition of knowledge still remains elusive.38  Even a very concise list of sources that 
discuss knowledge and its definitions will make a sizable list of entries.39  A detailed 
examination of these definitions is certainly beyond the scope of this article.  But a brief 
discussion is certainly in order for the purposes of this contribution. 
 
Perhaps the most widely accepted definition is that knowledge is a justified true belief.  
Paul Moser, for example, offers the following concise characterization: 
 

Epistemology in the Western philosophical tradition has until recently 
offered a prominent definition of knowledge that analyzes knowledge into 
three essential components:  justification, truth, and belief.40     
 

He further adds that for a true belief to be knowledge, it must also have empirical 
confirmation—that is, an entity or a phenomenon in the real world that corresponds to 
this belief.41  These basic features of the definition of knowledge appear in multiple other 
sources.42 
 
A brief examination of these characteristics warrants the following conclusions.  The 
assertion that knowledge is a form of belief means that it originates in the irrational 
sphere and that irrationality is a necessary aspect of knowledge.  The specification that 
this belief must be true indicates that one must be very sincere in this belief and not treat 
it casually.  The reference to justification reveals another important feature of knowledge.  
Justification refers to a logical operation that establishes the necessity of such belief.  As 
an operation, justification is a form of equilibration.  Consequently, this requirement 
indicates a general agreement that knowledge and, consequently, knowledge production 
involve equilibration.  The reference to empirical verification spells out another important 
requirement of knowledge:  there should be one-to-one correspondence established 
between justified true belief and external environment. 
 
Although these characteristics of knowledge are widely accepted, they are not 
unproblematic.  One can easily see that the view of knowledge as a form of belief is in 
tension with the insistence on rational justification of this belief—a tension that begs for 
an explanation.  How can these two characteristics that come from different domains—
one rational and the other irrational—be compatible with each other?  The requirement of 
a one-to-one correspondence as a criterion for something to be regarded as knowledge is 
also problematic.  As the history of science shows, many theories that passed the test of 
empirical verification have eventually turned out to be false or incomplete (the geocentric 
theory is a good example that withstood numerous empirical tests, yet proved to be 
limited).  This brief analysis suggests that an explanation of the production of knowledge 
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must demonstrate how these contradictory features complement each other within the 
same process. 
 
 
Evolution and Knowledge 
 
According to the current definition of knowledge, knowledge originates in the sphere of 
the irrational.  Therefore, the process that gives rise to knowledge transcends reason and 
rationality—the two characteristics that we habitually associate with human knowledge.  
The conclusion that follows from this observation is that the process that creates human 
knowledge existed prior to the rise of the human mind and knowledge.  The human mind 
did not create this process but rather this process created the human mind.  Consequently, 
human knowledge is a product of the evolution that had taken place prior to the rise of 
humanity and in some form knowledge is characteristic for non-human reality.  This 
realization is what has led researchers in their efforts to locate knowledge and cognition 
in non-human nature.  Eshel Ben Jacob and his co-authors, for example, explore the roots 
of cognition in the world of bacteria.43  However, considering the fact that the evolution 
is a cosmic phenomenon, the process that is involved in the creation of knowledge must 
reach even to non-life and should be conceived in very broad terms that transcend to 
boundaries of human existence. 
 
Human knowledge involves symbolic operations.  The level of mental organization that 
sustains symbolic operations is a product of the evolution.  Obviously, the process that 
makes this evolution possible is the same process that is involved in the production of 
knowledge.  Since the evolution operates on the scale of the entire universe, the process 
that propels the evolution also operates on the universal scale. 
 
The evolution is primarily about the creation of new levels of organization.  A level of 
organization is an integrated network of structurally connected operations that has its own 
distinct level of combinatorial power—that is, it offers a certain distinct set of 
possibilities, or degrees of freedom.  We can identify many levels of organization that 
sustain certain kind of operations.  For example, there are some levels of organization 
that sustain interactions among inanimate entities, such as particles or atoms; others 
sustain life and biological organisms; and there are levels of organization that sustain 
neural circuits and operations; and there are levels that sustain symbolic operations that 
constitute the human mind. 
 
Each level of organization marks an advance in the evolution.  Each of them represents a 
radical novelty, that is, it represents something that did not exist prior to its emergence.  
Each level of organization emerges from another that has preceded it and gives rise to 
another level that follows.  For this reason, each level is more powerful than the one from 
which it has emerged.  Since the emerging level of organization cannot be reduced to the 
level from each it has emerged (due to its superior power), we identify the act of its 
emergence as creation—an action or process of bringing something into existence.44  
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The Main Function of the Process of Creation 
 
Power constitutes the main difference between the emerging level of organization and the 
level of organization from which it emerges.  For example, the level of organization that 
sustains mental operations is more powerful than the level of organization that sustains 
different sensory-motor operations—visual, audio, tactile, olfactory, and gustatory.  
Mental images offer the same properties as do sensory-motor functions, but they also 
offer additional possibilities. For example, they allow having experiences that combine 
the experiences of sensory-motor functions.  They even offer possibilities to experience 
sensations even when there is no external stimulus to activate them.45  Moreover, mental 
images open the path to symbolic operations that offer unlimited possibilities for mental 
constructs. 
 
How do new properties emerge?  Due to power differential, there is simply no way that 
the level of organization that gives rise to the new level of organization can “know” or 
“design” the emerging level.  Also, there can be no super-ordinate “designer” because 
there is no evidence of the existence of such “designer.”  And yet, the problem of design 
exists.  The only way to resolve this problem is view it from a different angle.  One must 
look at the conditions that create this problem.  The only way we can expect there to be a 
“designer” is by thinking that the emergence of the new level of organization is the main 
function of the process that leads to this emergence.  Just because one level of 
organization emerges from another, there is no reason to suppose that the rise of the new 
level of organization is the main function of the process that leads to its emergence.  If we 
see the new level as merely a by-product of the more important function, the problem of 
“designer” simply disappears. 
 
Since new and more powerful levels of organization sustain properties that exist at the 
levels of organization from which the former have emerged, we have to conclude that 
conservation is one important function of this process.  Moreover, since operations are 
conserved as parts of combinations, they are activated more often, which also 
additionally helps to conserve them.  Therefore, the conclusion that follows is that 
conservation is the main function in this process, and the emergence of new levels of 
organization is its result—a by-product of conservation. 
 
The connection between the process that creates new and increasingly more powerful 
level of organization and conservation does not come as a surprise.  After all, 
conservation is ubiquitous in nature.  It is the essential aspect of our universe—one that 
makes its existence possible.  Our universe is all there is.  There is nothing outside the 
universe.  Nothing can come into our universe and nothing can disappear from it because 
there is nowhere to disappear.  Everything must be conserved.  Conservation requires 
resources.  Combinations that emerge in the course of conservation offer new 
possibilities and, thus, access to new resources.  This process sustains the universe.  It 
offsets the inevitable depletion of resources that is dues to entropy production.  This 
process cannot bring the level of entropy production below zero—this is prohibited by 
the Second Law of Thermodynamics—but it can maintain this level at zero, which is not 
prohibited. 
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Since conservation creates new levels of organization, it leads to the evolution.  What is 
evolution if not a succession of increasingly more powerful levels of organization nested 
in each other matryoshka style.  This process and the evolution it generates sustain our 
universe.  The human mind is also a product of this process and, as such, has inherited its 
main properties and patterns.    
 
Operations are a form of action.  Being enacted conserves action.  The more often an 
operation is enacted, the better it is conserved.  Therefore, the creation of combinations is 
essential for conservation.  The key to conserving an operation or an entity is to establish 
as many connections as possible.  In order to be conserved, each operation sustained by a 
particular level of organization forms as many connections and combinations as possible.  
For n-number of operations at a given level of organization the number of possible 
combinations is n2.  In other words, if combinations represent an increased number of 
possibilities, or degrees of freedom, then the power of the new level of organization will 
represent an exponential increase. 
 
The process of combining properties of individual operations is a form of equilibration.  
The equilibration of different operations creates a new and more powerful level of 
organization, that is, it creates disequilibrium.  Conservation of this new level requires its 
equilibration with the operations sustained by the level of organization from which it has 
emerged, which means that these operations should adapt to the new level.  The 
adaptation results in differentiation of the new level.  Conservation of the new 
arrangement requires further equilibration, which opens a new cycle in the evolution.  
Thus, equilibration and the production of disequilibrium work together in a 
complementary mode and thus advance the overall evolution.46 
 
The perspective that views knowledge and knowledge production through the prism of 
the process of creation explains how different features of the current definition of 
knowledge complement each other.  It shows that the process that generates knowledge 
has its source in the sphere of the irrational.  It also shows that the process of creation of 
knowledge requires equilibration.  As forms of equilibration, logical operations and 
rational justification are integral to this process as emphasized by the current definition. 
 
According to this perspective, the human cognitive structure includes many levels of 
organization—from biological to neural and sensory motor, to mental.  Conservation of 
this structure involves equilibration of all its levels.  Therefore, the conservation of new 
levels of mental organization requires their integration with other levels of the cognitive 
structure; one of these levels is the level of physical interaction with the environment.  
Conservation of the entire human cognitive structure requires the equilibration of the 
level of mental organization with the level that sustains physical interactions with the 
environment; in other words, it requires the establishment of one-to-one correspondence 
between mental operations and the level that sustains our physical interactions with the 
environment.  One should point out that the establishment of one-to-one correspondence 
serves primarily the function of conservation, not to prove the validity of mental 
constructs.  Even if our mental constructs may ultimately prove to be incomplete or even 
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wrong, the fact that our mental operations are more powerful than operations that sustain 
our interactions with the environment, we can still establish their one-to-one 
correspondence, which explains why even theories that have turned out to be limited (like 
the geocentric system) find support in empirical facts. 
 
The perspective that views knowledge and knowledge production through the prism of 
the process of creation does much more than explain what makes the different and 
seemingly dissonant elements of the current definition of knowledge compatible with 
each other.  It shows how all of them are necessary and how they complement each other.  
This perspective also explains how knowledge growth occurs.  It shows that knowledge 
growth is always exponential and can only be exponential due to the combinatorial nature 
of knowledge creation.  In other words, there is no new knowledge without an 
exponential growth. 
 
 
Resolving the Controversy over Research Productivity 
 
Indicators and Metric of Knowledge Growth 
 
The perspective on knowledge production presented in this article shows that the source 
of knowledge growth is the creation of new and increasingly more powerful levels of 
mental organization.  Each new level and more powerful level of organization is a result 
of the full equilibration of all operations sustained by the level of organization from 
which the new level has emerged.  Full equilibration means that all operations sustained 
by a given level of organization are in equilibrium with each other and with their 
opposites.  Since equilibration involves multiplication of operations, not their addition, 
the new level is not merely a sum total of all equilibrated operations.  It emerges as a 
result of combinations of operations, or operations on operations. Operation on 
operations is a more powerful form of organization since this form includes operations 
involved in combinations and operations that regulate these combinations.  Due to 
multiplication of operations, the new level of organization offers more possibilities, or 
degrees of freedom, and, for this reason, is more powerful than the level from which it 
has emerged and which it regulates due to its superior combinatorial power. 
 
The creation of new and more powerful levels of organization is what makes knowledge 
growth possible.  Since equilibration involves multiplication of operations, the number of 
possible operations grows exponentially:  for n-number of operations, the number of new 
possible combinations will be equal to n2.  Thus, knowledge can grow only exponentially.  
This conclusion may appear to be counterintuitive only if one does not realize that the 
basic unit in the evolution of knowledge is level of organization, not a specific construct, 
entity, or idea.  The power of the new level of organization will always be exponentially 
greater that the power of the level from which it has emerged. 
 
The perspective presented in this article also shows that we cannot determine research 
productivity based exclusively on quantitative data.  Knowledge growth is first and 
foremost about power; it is about new possibilities, or new degrees of freedom.  Numbers 
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alone do not reflect this property.  In his article Guzey shows the daunting complexity of 
measuring novelty by using such units of measurement as new ideas. 
 
Ideas are mental constructs.  They are products of mental operations.  Mental operations 
are not isolated units.  They are connected with other mental operations and together they 
constitute an ensemble that represents a level of mental organization.  A level of mental 
organization has identifiable parameters and its unique organizing principle.  The 
evolution of levels of organization is essentially the evolution of their organizing 
principle.  Not individual ideas, but levels of organization mark evolutionary advances.  
Therefore, using levels of organization is essential for determining the dynamics of 
knowledge production and intellectual growth.  Levels of organization are always 
historical and tied to evolution.  Ideas can be trans historical and may not necessarily be 
subject to evolutionary change. 
 
As has been pointed out, the main difference between levels of organization is 
exponential power differential.  Each emerging level of organization sustains more 
operations than the level from which it has emerged.  There is an easy way to determine 
which of the adjacent level is superior:  the superior level will be always more inclusive.  
Thus, greater inclusiveness is one good indicator of knowledge growth.  The more 
powerful level of organization will include all operations sustained by the level of 
organization from which it has emerged and operations that regulate them.  The less 
powerful level of organization will not be able to include operations sustained by the 
more powerful one. 
 
Human cognitive system includes many levels of organization.  When a cognitive system 
changes, all levels of its organization change too.  Human cognitive system is also a 
hierarchical structure that is regulated by the global level of organization.  The global 
level of organization is the most general and the most powerful level in human cognitive 
systems.  The emergence of a new global level indicates the change of the cognitive 
system as a whole.  This global level represents the way we view reality as a whole, or 
what we also often call a worldview.   
 
There are several types of global levels of organization of human cognitive systems that 
we know; they sustain their specific types of worldview.  Deification of nature 
characterizes archaic civilizations and cultures.  This worldview in which nature is god 
goes back to the beginning of human civilization.  The concept of nature as agent is the 
organizing principle of this worldview.  The second type that followed the archaic one 
recognized the centrality of transcendental agency, or God that transcends nature.  This 
type is characteristic for main world religions, such as Christianity, Islam, Buddhism, and 
others.  The third type is the one that still dominates human civilization.  We call it 
modernity.  The recognition of the pre-eminence of human agency is the characteristic 
feature and the main organizing principle of this worldview.  Each time a new worldview 
emerged it marked a profound change in human practices:  from organizing society to 
organizing production, systems of beliefs and norms, moral and aesthetic values, and 
much more. 
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These three types of worldview represent an evolutionary progression.  As all other 
evolutions, this evolution is not and cannot be finite.  The source of this evolution, as that 
of all other evolutions, is conservation; and conservation does not have a finite goal; or 
rather, the goal of conservation is within itself.  Conservation does not have a beginning 
and does not have an end. 
 
The emergence of a new global level of organization is inevitable.  It will necessarily 
give rise to a new worldview—a new approach to reality defined by a new organizing 
principle and generating new practices.  The emergence of such new worldview is a good 
indicator of knowledge growth. 
 
As has been mentioned earlier, knowledge growth and economic production are integral 
to each other.  The recognition of this fact is universal.  All current economic theories 
agree that new knowledge and ideas generated by the human mind are the primary source 
of economic growth.47  The fact that economic growth and knowledge production are 
connected suggests that knowledge growth must lead to increase in economic production.  
Since knowledge grows exponentially, so must also economic production.  Consequently, 
an exponential economic growth is another good indicator of increased knowledge 
production.   
 
This article emphasizes the role of the process of creation in the evolution of knowledge.  
As has been explained elsewhere,48 the process of creation works on inclusion of 
differences.  Combining differences is what creates new and increasingly more powerful 
levels of organization.  Differences, therefore, are the main resource for knowledge 
production.  If knowledge does not grow, it means that this resource is declining. 
 
The explanation of how the process of creation works in general shows that it never runs 
out of differences.  As differences are combined, they are conserved, not eliminated.  
Also, equilibration of differences inevitably produces disequilibrium; in other words, the 
process of creation generates new differences as it evolves.  We should never run out of 
differences.   
 
The decline in research productivity indicates that differences are either not utilized or 
are utilized efficiently.  Our current social practice, including knowledge production, 
tends to shun and even suppress differences.  The fact is well known and has produced 
much criticism.49  The suppression of differences is abundant in our social practice, 
including science and knowledge production in general.  We simply cannot have any 
knowledge growth as long as exclusionary practices remain dominant. 
 
New and increasingly more powerful levels of mental organization create new 
possibilities and offer access to new resources.  New resources offset the inevitable 
advance of entropy and maintain entropy production at zero.   Advances in knowledge 
growth prevent depletion of resources.  Since nature is a very important resource for 
humanity, knowledge growth prevents depletion of resources and the degradation of the 
environment.  Conversely, if we fail to maintain exponential growth, we will not be able 
to gain access to new resources and, consequently, will have to increase our use of 
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available resources—both material and human.  The exponential increase in the use of 
resources will result in resource depreciation and environmental degradation. 
 
The depletion of resources and the degradation of the environment are two major 
unsolved problems that our civilization faces today.  Indeed, there is no lack of proposals 
for addressing these problems.  One of the most popular solutions, particularly among 
environmentalists, focuses on reducing consumption and production.  This approach 
represents merely a pragmatic knee-jerk reaction to the current conditions, not a product 
of a comprehensive assessment of the origin of the problem.  The idea is that if we reduce 
consumption and production, we will stop the depletion of resources and the degradation 
of the environment.  There is no theoretical depth to such solutions.  They focus on 
effects rather than causes.  Their proponents believe that by addressing the effects, they 
will treat the causes of this predicament.  Nothing can be further from the truth:  you 
cannot cure a disease by treating its symptoms.  Only by addressing the causes, we can 
change the effects, not the other way around.  However, the effects—the depletion of 
resources and the degradation of the environment--are also excellent indicators of the 
decline in knowledge production.  They also correlate exponentially with the decline of 
knowledge growth. 
 
The same pattern is present in the relationship between economy and population growth. 
People are “the ultimate resource” that we have.50  A failure to achieve an exponential 
growth will result in an exponential decline in productivity, or inefficiency in using the 
human resource.  Studies cited earlier show that if we fail to achieve an exponential 
growth in productivity, we will need to use more people.51  That is what creates the 
momentum for population growth; and this growth follows the exponential power law, as 
Malthus has shown. Considering Julian Simon’s point that humanity itself is “the 
ultimate resource,” the conclusion that a stagnant population is the ultimate resource 
crisis is quite appropriate.52 
 
This is to argue that the cause of population growth is inefficient production.  Current 
proposals to limit this growth will not succeed because they do not address the main 
cause of the population growth—exponential increase in production inefficiency.  All 
efforts to limit the global level of population have failed.  There have been numerous 
summits and conferences over the last several decades that discussed this issue.53  The 
only result that they produced, as critics charge, were numerous statements to the effect 
that “reducing population growth was a necessary part of ecologically sustainable 
development.”54  This singular lack of success has caused much criticism of the entire 
population science.  George Weigel, president of the Ethics and Public Policy Center in 
Washington, D.C.—one of the harshest critics—has charged that population science has 
little merit and only produces myths, miscalculations, and bogus predictions.55 
 
The fact is that the population growth is not an independent variable.56  Its source is 
production inefficiency that grows exponentially and requires exponential 
compensations.  The continued acceptance of child labor in the developing world as a 
partial solution to poverty speaks to the shortage of labor due to low productivity.57  
Efforts to use compulsion to reduce population are and will continue to be extremely 
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unpopular and utterly ineffective.  They will simply put more pressure on the economy 
that will be unable to maintain its current level of economic production.  The conclusion 
is certainly counterintuitive, but the logic of population growth suggests that an efficient 
use of human resources requires exponential growth in productivity.  Such growth is the 
only way to avoid overpopulation.   
 
To conclude, the perspective that that uses the process of creation as its main organizing 
principle offers a new approach toward assessing knowledge production.  Rather than 
using micro data on specific innovation and new ideas in different spheres of research 
and in individual industries, the new approach focuses on global indicators of knowledge 
growth:  the emergence of new global levels of regulation and the effects of knowledge 
production on economic growth, population dynamics, and the use of resources.  This 
approach also offers a simplified exponential metric in assessing knowledge production. 
 
 
Assessing the Current State of Research Productivity 
 
The discussion of the controversy over research productivity shows that the approaches 
proposed by the participants do not resolve this controversy.  As Guzey summarized in 
his contribution, the central question in this debate—whether research productivity is in 
decline or not—remains unanswered.  Guzey points out that the very data used for 
assessing research productivity does not allow making a definitive conclusion.  We still 
do not know what the actual state of research productivity is one way or another. 
 
The approach for assessing research productivity outlined in this article focuses on a 
different set of indicators.  Rather than using micro data from specific industries and 
research areas, its data relates to macro dimensions:  the general features of the process 
that generates knowledge and the effects of knowledge growth on economic production, 
use of resources, and population changes. 
 
According to the approach presented in this article, one important global indicator of 
knowledge growth is changes in the global level of organization that regulates the human 
cognitive system.  This is the level that sustains our general view of reality, or what we 
often call worldview. 
 
The view of reality that currently dominates practically all research areas is not much 
different from what it has been over the past few centuries.  Despite variations and 
modifications, it still remains embedded in anthropocentrism.  This view of reality 
critically depends on mental constructs created by humans that are inevitably subjective 
and arbitrary, despite claims of objectivity.  Humanity and human biases define this 
worldview.  The persistence of the human-centeredness is a good indicator that 
knowledge is not growing and, consequently, is in decline.   As this article has argued, 
knowledge production cannot be static:  it must either grow or decline. 
 
There is a general agreement among researchers that knowledge production is critical for 
economic progress.  As this article has shown, the rate of knowledge growth can only be 
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exponential.  Consequently, knowledge growth should generate exponential increase in 
economic production.  The fact that today’s economy does not demonstrate exponential 
growth is another indicator that knowledge production is in decline. 
 
This article has also stressed that knowledge growth is our safeguard against depletion of 
resources, both human and non-human.  Knowledge growth offsets unavoidable 
dissipative entropic processes.  It makes possible to maintain a zero-level of entropy 
production.  The current picture is one of exponential depletion of resources; its most 
vivid evidence is the degradation of the environment:  nature is no longer capable of 
recycling human waste that is accumulating in Earth’s soil, water, and atmosphere at the 
rate that poses a serious threat to human survival on the planet.  This rapid increase in the 
amount of human waste in the terrestrial environment is also an indicator of the decline in 
knowledge production. 
 
Finally, as this article has pointed out, knowledge advances save labor.  A decline of 
knowledge production inevitably increases the demand for labor, thus creating pressure 
for population growth.  Back in the 18th century Thomas Malthus pointed out the 
tendency of population to grow exponentially, far in excess of the capacity of economic 
production to sustain increasing number of people.  Unlike Malthus, this article does not 
see this tendency as inevitable.  It sees the current growth of population as the necessary 
consequence of the decline in knowledge growth and the increasing demand for labor that 
this decline causes.  As this article concludes, the current and seemingly unstoppable 
tendency for population growth is a clear indication of the decline in knowledge 
production. 
 
These general indicators are clear and are supported by factual evidence.  They are due to 
the very nature of the process of creation that fuels knowledge growth.  Unlike the 
indicators used in the current debates, the use of these indicators does not rely on mental 
constructs created by humans.  They are not a subject of controversy or disagreement.  
The exponential index of these indicators additionally points to their common source. 
 
All the current indicators demonstrate what many researchers conclude on the basis of 
intuition and selective data:  the current knowledge production is definitely in a 
downward spiral.  This conclusion resolves the current controversy over research 
productivity. 
 
 
Enhancing Research Productivity 
 
The decline in knowledge production is not a new phenomenon.  There have been several 
periods in human history when knowledge stagnated.  For example, numerous 
researchers have registered a marked decline of science in Europe after the demise of 
Antiquity.  Although some intellectual stirrings occurred during the late Middle Ages and 
the Renaissance, no significant advances in knowledge that rose to the level of 
achievement that characterized Antiquity took place before the onset of modernity.  Only 
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during the Industrial Age Europe began to experience a major and consistent upswing in 
science, technology, and other intellectual spheres. 
 
The pattern of knowledge production has so far been cyclical.  Periods of expansion and 
contraction of knowledge followed each other.  Even the Modern Age that is 
characterized by fairly stable knowledge growth reveals periodic cyclical patterns in the 
evolution of knowledge.  There was, for example, a rapid increase in scientific 
knowledge in the 19th century that slowed down by the mid-20th century.  As this article 
concludes, this contraction continues to this day, despite occasional spikes in some areas.  
For example, no major breakthroughs have occurred in theoretical physics since the 
formulation of quantum mechanics and theory of relativity. 
 
Thomas Kuhn provides a detailed discussion of this cyclical tendency in his now famous 
book The Structure of Scientific Revolutions.58  Kuhn’s book is more descriptive than 
explanatory.  He points to the existence of cycles but does not really explain their origin.  
Kuhn attributes the cyclicity in the evolution of knowledge to some natural tendency and 
leaves it at that.  Knowledge advances result from natural attrition of the practitioners of 
what Kuhn calls “normative science,” or, as Kuhn succinctly remarks, when “they die 
out.”   
 
The perspective presented in this article makes possible to explain the cyclicity in 
knowledge production.  The explanation pivots on the simple relationship between 
growth and resources.  Declines in knowledge growth are due to an inefficient use of 
resources.  The current decline in knowledge production is, in this sense, no different 
from others that occurred in the past. 
 
As has been explained earlier, the process of creation involves equilibration, which is a 
form of integration, and the production of disequilibrium, or differentiation.  
Equilibration integrates individual operations, or subsystems.  Such integration gives rise 
to a new and more powerful global level of organization.  The equilibration of the new 
global level with the level that sustains local interactions from which it has emerged leads 
to differentiation of the global level.  This differentiation requires re-equilibration.  Both 
integration and differentiation play the principal role in the process of creation.  
Differences are the essential resource for the process of creation and, consequently, for 
the production of knowledge.  The process of creation that operates in nature never runs 
out of this resource because as it “consumes” differences, it also generates differences.  
There is never a shortage of differences in nature as integration and differentiation are 
always in balance with each other.  As a result, the process of creation does not lapse. 
 
Why then human cognitive systems have lapses in their evolution?  Is there a shortage of 
differences?  If so, what is the cause of such shortage?  The answer is simple.  We tend to 
shun, exclude, and suppress differences.  The social practice that is dominant in our 
civilization is exclusionary.59  This suppression of differences is equivalent in its effect to 
“depletion” of this important resource.  
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Some may object by pointing out that human social practice involves both inclusion and 
exclusion.  The examples of inclusion, even if non-negligible, do not change the fact that 
the practice is exclusionary.  The inclusion we practice is selective.  As has been argued 
elsewhere, selective inclusion is basically a form of exclusion.60  The fact is that the 
function of inclusion is the creation of new and increasingly more powerful levels of 
organization.  If some operations/subsystems are excluded, they are not conserved; and 
without their conservation, the rise of a new and more powerful level of organization is 
impossible.  Even if one operation, or sub-system, is excluded, the cumulative effect on 
the entire will be non-conservation; in other words, the entire system will not be 
conserved and advance will not take place.  Exclusion and inclusion are totalizing 
practices.  They are absolute and absolutely incompatible with each other.  As opposites, 
they are not equivalent to each other.   Inclusion is constructive.  It creates new levels of 
organization and makes evolution possible.  Finally, it is associated with the fundamental 
processes of conservation and creation that sustain our universe.  By contrast, exclusion 
is a result of the absence of inclusion.  It has no autonomous source and is ultimately 
destructive. 
 
But what are the reasons for exclusion?  Why do we exclude differences?   
 
The most obvious function of exclusion is protection.  By excluding some differences, we 
try to protect differences that we represent; in knowledge production we try to protect our 
own mental constructs.  However, such reaction to differences reflects a total lack of 
understanding of how conservation works.  Conservation works on inclusion and the 
creation of new and more powerful level of organization, not on exclusion.  We do not 
conserve our constructs by shunning and suppressing differences.  Obviously, the fact 
that we widely use exclusionary practices shows that we do not embrace and, 
consequently, do not understand the process of creation and the way it works. That is 
probably the most important reason why we exclude differences.  We simply do not 
understand the important role of differences in conserving our own mental constructs.  As 
a result, we view differences as a threat to our own vision of reality and the order this 
vision represents for us. 
 
Indeed, we recognize today that our view of reality is our creation and that it is only an 
approximation to reality.  The admission creates a problem.  However, rather than pursue 
the solution of this problem, we simply proclaim it irresolvable.  The suppression of 
differences continues.  Naked political power is the sole referee in matters related to 
knowledge and truth.  Those who use this practice do not even pretend that they stand for 
truth; moreover, they claim that truth is in principle unattainable. 
 
Since decline in knowledge production is a result of suppression of differences, we can 
prevent such declines by embracing the practice of inclusion of differences.  Contrary to 
Kuhn’s argument, there is nothing inevitable about downward spirals in knowledge 
growth.  It is simply a result of the profoundly flawed practice.  We can eliminate this 
flaw by abandoning our current practice, by accepting the centrality of the process of 
creation, and establishing a new practice that uses the process of creation as its central 
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organizing principle.  The introduction of the new practice would necessarily involve the 
abandonment of our current worldview rooted in anthropocentrism. 
 
Shifting from one worldview to another has never been easy; but it is possible and, as 
history shows, necessary.  There have been several such major shifts in the past.  
Deification of nature was the main organizing principle in the way that ancient 
civilizations viewed reality.  The extant indigenous cultures in the world today still hold 
on to this view. 
 
All major world religions and the cultures they shaped had abandoned worldviews that 
centered on deification of nature.  Instead, they adopted a new worldview that used 
transcendental agency as its main organizing principle.  The new worldview did not 
completely abandon the archaic approach but adapted and integrated in into the new 
vision.  Christianity with its multiple denominations and sects was the European version 
of this transition. 
 
The recognition of human agency became the organizing principle in the new worldview 
that marked the beginning of what we call the Modern Age, or modernity.  The late 
Middle Ages and the Renaissance witnessed the emergence of this new worldview in 
Europe but the rise of similar worldviews has become a worldwide phenomenon.  The 
story of modernity is a subject that has been thoroughly discussed; the main landmarks of 
modernity—industrialization, the emergence of modern science, the rise of new moral 
and aesthetic theories, technological advances, rising living standard and quality of life, 
and much more—are well known. 
 
Since its appearance on the world stage centuries ago modernity has dominated our 
civilization and in some sense still continues to be dominant.  However, there are 
numerous indications that its grip on human civilization has loosened and its influence is 
diminishing.  The demise of modernity is not a new development.  Among its early signs 
was the rise of the view of reality as ultimately uncertain and chaotic.  Post-modernism 
has sealed the fate of modernism by proclaiming that reality is ultimately unknown. 
 
There are many signs today that we need a major shift in the way we view reality and in 
our social practices.  The decline in research productivity—a problem that remains 
unsolved—is but one of them.  Many economists, theorists and practitioners of 
management, business leaders, and politicians see the need for an entirely new approach 
to boost economic production and solve numerous problems created by our lethargic 
economy.  The environmental movement sees the culture of modernity as the main source 
of the degradation of nature and a threat to the survival of humanity.  Calls for ending the 
exclusionary practice that still prevails in many spheres of our life have become very 
common these days.    
 
There is nothing sacred about the view of reality that is associated with modernity.  Shifts 
of such magnitude have occurred in the past and they have greatly benefited humanity. 
Where would we be today without these shifts?  Still venerating the divine agency of 
nature?  In fact, one can observe such reversions in the way that modern day 
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environmentalists extol what they see as the “superior wisdom” of archaic cultures. This 
going back to the past is not a solution; it is an illusion.  Our civilization cannot turn 
back.  The shift must take place and it will. 
 
There is no shortage of competing visions for the world’s future.  The rivalry in this 
competition is fierce and is quickly reaching crescendo.  None of the alternative visions is 
in the position to prevail.  Their standoff is a source of tensions and divisions, which 
became a problem in their own right.  The solution of this problem is in finding the 
approach that would reconcile all these different visions.  The compromise among them 
is not a possibility.  This solution must rest on something that they all value and share. 
 
The only feature that all these competing visions have in common is the fact that all of 
them are created.  Therefore, there is a process that has created them.  This process can 
serve as the foundation for an all-inclusive worldview that will encompasses all these 
competing visions 
 
As this article argues, the process of creation transcends the human mind and its 
constructs.  This process is not a result of human creation; rather, it has given rise to 
humanity.  Because of its transcendent and all-inclusive nature, this process is the only 
candidate to become the organizing principle for a new worldview that would include all 
current proposals as its particular cases—that is, cases that are true under specific 
conditions or assumptions. 
 
In one important respect, though, the shift to the new worldview will be different from its 
predecessors.  All previous worldviews were essentially anthropocentric.  All of them 
viewed reality through the prism of mental constructs created by humans.  The new and 
growing realization is that anthropocentrism represents a subjective, incomplete, and 
ultimately arbitrary perspective on reality.  The position of the environmentalists is 
highly indicative in this regard:  they see anthropocentrism as the main cause of the abuse 
of nature by humans and call for abandoning it.  The new worldview will not merely 
replace modernity and its central focus on humanity.  It goes much deeper.  The new 
worldview replaces the very organizing principle that defined all previous worldviews; it 
does not destroy those worldviews but integrates them as its particular cases. 
 
By contrast with the anthropocentric approach, the approach centered on the process of 
creation is objective and universally inclusive.  It includes all possible levels of 
organization—those that were created in the past, those that are being created now, and 
those that will be created in the future.  In other words, like the process of creation, the 
new worldview will not be selective in preferring some mental constructs to others.  The 
social practice sustained by this worldview will be universally inclusive and empowering. 
This new practice will ensure an uninterrupted and exponential knowledge growth. 
 
Humans inherited the process of creation in the course of the evolution.  Since the 
process of creation is not a human construct, the worldview that is organized around this 
process will not be anthropocentric.  Our knowledge production practice based on this 
new worldview will make objective and unbiased observations of reality possible.  
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Moreover, the new approach makes possible to observe the process itself without falling 
into an infinite regress.61 
 
An understanding of how this process of creation works will help us realize the true 
importance and significance of differences and inclusion.  We will no longer fear 
differences as a threat, but rather view them as opportunities to create new and 
increasingly more powerful levels of organization that will give rise to new ideas, 
theories, and approaches.  We will also be able to control and use the infinite power of 
the process of creation and use it as the infinite source of differences that will provide an 
inexhaustible supply of resources, both human and non-human, and thus ensure an 
uninterrupted, infinite, and exponential growth of knowledge. 
 
 
Conclusion 
 
The importance of knowledge for the survival of our civilization has never been more 
important than it is today; and this importance will only grow in the future.  Knowledge 
production is the subject that is relevant to many areas of our life:  from science and 
technology to welfare of our citizens, stability of our society, economic prosperity, the 
health of our planet, and much more.  Problems related to knowledge production are 
these days a major preoccupation in public discussions that involve broad segments of the 
population. 
 
Yet, as important of this subject is, the simple fact remains that we still do not know 
much about it.  As current contributions on the subject show, we do not even know for 
sure what the current state of knowledge production is; we still do not have a reliable set 
of indicators and metric that can provide a definitive resolution to this most basic issue. 
 
This fundamental gap in our knowledge about knowledge is not for a lack of trying or a 
shortage of facts.  As this article argues, the main reason for our failure is that we 
continue to approach this subject from perspectives that are limited, subjective, and 
ultimately arbitrary.  This article has argued for an objective approach that will not view 
reality through the prism of our subjective constructs.  The strength of the perspective 
outlined in this article is that it abandons the anthropocentric focus that refracts reality 
through the prism of mental constructs that we have created.  The distinctive feature of 
the new prospective is that it uses the process of creation that fuels knowledge production 
as its main organizing principle.  It focuses on major global characteristics of this process 
and the general effects of knowledge production on related areas, such as economic 
progress, use of resources, and population growth. 
 
This approach provides a definitive answer to the question regarding the state of our 
knowledge production.  According to the indicators and metric used in this approach, 
there can be no doubt that the rate of our knowledge growth is definitely in decline, 
despite some successes in specific areas.  The most important telltale sign is the fact that 
the global level of mental organization that regulates our entire cognitive system remains 
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unchanged in its basic features since at least the last period that witnessed significant 
knowledge growth over two centuries ago. 
 
Other important signs include the lack of exponential economic growth, the continued 
depletion of resources and the degradation of the environment, and the exponential 
population growth.  The exponential metric is of all these signs indicates their intrinsic 
connection to knowledge growth.  As this article has argued, knowledge growth can only 
be exponential and its effects also bear an exponential mark. 
 
The establishment of the connection between knowledge growth and the process of 
creation is an important contribution of this article.  An understanding of the process of 
creation makes possible to differentiate specific stages in knowledge production and 
offers specific how-to recommendations to raise research productivity.  The 
understanding of the process of creation provided in this article reveals the vital link 
between production of knowledge and the fundamental processes that sustain our 
universe:  conservation, creation, and evolution.  By embracing the process of creation as 
the main organizing principle of our knowledge practice, we will be able to understand 
how our knowledge evolves. The new practice will eliminate the gap that has precluded 
and still precludes us from understanding this process—the gap that hindered the 
evolution of our knowledge since the beginning of human civilization. 
 
The practice that is based on the new perspective will solve the problem with research 
productivity we face today.  Moreover, relying on this perspective will ensure that the 
problem with research productivity does not occur in the future.  The institutionalization 
of the new practice will work against any disruptions in the process of creation and will 
ensure exponential growth of knowledge.  Inclusion will be central to this new practice; it 
will be absolute and universal--no exceptions.  The practice based on universal inclusion 
will result in an infinite, uninterrupted, and exponential knowledge growth.  It will not 
only solve the problems of knowledge growth for now, but also for all times to come. 
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