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Abstract. The changing spheres of work demand innovative responses for the self-development of 

the growing creative class, but institutions seem to be unable to rethink themselves fast enough for 

these 21
st
 century challenges. The question arises: ‘How can the emerging knowledge societies and 

knowledge workers be better served?’ The paper looks at human development and argues that its 

progress is primarily due to successive co-evolutions. At each stage, civilization run into constraints 

which could only be overcome with the emergence of a further powerful co-evolution. The present 

barrier in need to be dealt with is the over-abundance of information which has replaced the 

information scarcity of the past. While some futurologists are seeing the answer in the singularity, 

migrating from biological to non-biological intelligence seems to be still for decades in the making. 

The paper, instead, argues for autonomous Personal Knowledge Management (PKM) devices to make 

the crucial next difference by providing the overdue support tools for the problems faced today and an 

enabling environment for the creative conversations needed tomorrow. With a prototype system 

pursuing this concept about to be converted into a viable commercial PKM system and related recent 

publications, the paper positions the innovative technology in the historic and future context and 

summarizes the concepts and prominent features.  

1. Four Co-evolutions which shaped Human Innovativeness 

Civilization and Innovativeness are generally portrayed in terms of population and knowledge growth 

(figure 1). A prolonged first phase was marked by the use of fire and tools, rock art, language, barter 

trade, erection of complex structures, and the migration out of Africa with progressing social 

structures from extended families to bands and tribes. For the last 10,000 years, the innovations of 

agriculture, husbandry, mining, and simple machines set the stage for better nutrition, security, 

learning, craftsmanship, transport, trade and the founding of cities, chiefdoms, and states. Since the 

scientific and industrial revolution, acceleration ensued and resulted in the five Kondratieff Cycles 

depicted.  

The common denominator of these developments were and are the ever advancing capacities of 

individuals to imitate, learn, and innovate. Prior to human development, evolution can also be 
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thought of as a learning process, but it has been learning by the species, not by the individual, and the 

fruits of this learning process are encoded in DNA over thousands of lifetimes.  

The evolution of the human brain’s neo-cortex “greatly sped up the process of learning 

(hierarchical knowledge) from thousands of years to months (or less).” Any novel means discovered 

and copied would subsequently “spread exponentially through the population. [An] approach to 

expand the available neo-cortex [further] is through the collaboration of multiple humans. This is 

accomplished routinely via the communication between people gathered in a problem-solving 

community” [1]. Four flourishing co-evolutions can be held primarily responsible for the overall 

progress. 

 

 

Fig. 1. Human Evolution, Knowledge Multiplication, and Kondratieff’s Five Technological Cycles. 

 

1.1 Co-evolution 1 – The Rise of Embodied
1
 and Embrained

2
 Knowledge 

The Darwinian algorithm of replication, variation, and selection holds “that genes control the traits 

of organisms; over the course of many generations, genes that give their bearers a survival advantage 

and that favor production of many offspring (who will inherit the genes) tend to proliferate at the 

expense of others” [3], a concept known as the ‘survival of the fittest’. Over the past 3 million years, 

this process has led to a tripling in human brain size, arriving at its maximal volume some 150,000 

years ago. Believed to be triggered by the increasing sophistication of human behavior and growing 

capacity for learning and reasoning, Dawkins [4] and Blackmore [5] suggest that this incredible 
                                                           
1 Embodied knowledge is action oriented, context specific, practical, individual, and particular to the relevant problem at hand. “In 

contrast with embrained knowledge which depends on abstract theoretical reasoning ('knowing’), embodied knowledge builds upon 

'bodily' or practical experience ('doing'). It has a strong automatic and voluntaristic component; its generation and application does not 

need to be fitted into or processed through a conscious decision-making schema” [2]. 
2 Embrained Knowledge “is dependent on the individual's conceptual skills and cognitive abilities. It is formal, abstract or theoretical 

knowledge. Scientific knowledge, which focuses on the rational 'understanding’ and 'knowing' of universal principles or laws of nature, 

belongs to this category” [2]. 
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growth has not been entirely due to genetic evolution, but that a second replicator - the ‘meme’ - 

appeared in human evolution just when our ancestors became capable of imitation. 

While genes are the basic building blocks of biological life (DNA) and are transmitted via sperms 

and eggs from body to body, memes established themselves as basic building blocks of our minds and 

culture, passed from brain to brain via learning and imitation as, for example, ideas, tunes, 

catch-phrases. While genes were responsible for adapting to bigger brains and skulls, memes were 

taking advantage of the increasing memory of the neo-cortex by making their human hosts more 

resourceful and smarter for shaping more accommodating environments, resulting in genetic 

superiority benefitting their survival and fertility over generations. This mutually supportive or 

symbiotic gene-meme-relationship is first of the four successful co-evolutions which laid the 

groundwork for human civilization. 

1.2 Co-evolution 2 – The Rise of Encapsulated
3
 and Encultured

4
 Knowledge 

Koch [8] argues that memes (or business genes) "are the building blocks of know-how, skills and 

technology in the broadest sense. They comprise economic information that needs to find a 

commercial vehicle before it can attain its potential and deliver a valuable product or service." As the 

origin of economic life, "they seek to replicate as widely as possible by incorporating themselves into 

what we may loosely call commercial vehicles: inanimate things like buildings, machines, software, 

factories, offices, trucks, and products; but also living things like people, teams, corporations, 

services, and economies." 

Hence, memes also shape economic evolution which, as Beinhocker [9] proposes, is “the result of 

a [second] coevolution across three design spaces”, namely: Social Technologies which are the 

designs, processes, and rules that humans use to organize themselves; Physical Technologies which 

are designs and processes for transforming matter, energy, and information in ways that are useful for 

human purposes; and Business Plans with the critical role of melding Physical and Social 

Technologies together under a strategy, and then operationally expressing and utilizing the resulting 

designs in the economic world. 

Though, “the culture as a whole must remember the complexities generated by its own activities. 

[…] For a time it was just about possible to do this using the unaided human memory: specially 

trained people would, [for example], remember the Holy Texts word for word at enormous length. 

But human memory is fallible, equivocal, and dies with its possessor” [10]. Encoded
5
 

Organizational
6
 

                                                           
3 Encapsulated Knowledge is embedded in an artefact’s design and functionality. In the case of inanimate things (explicit 

representations in words, numbers, and symbols excluded), the encapsulated knowledge can be extracted, for example, by measuring, 

testing, or reengineering. 
4 Encultured knowledge “refers to the process of achieving shared understandings. Cultural meaning systems are intimately related to 

the processes of socialization and acculturation; such understandings are likely to depend heavily on language, and hence to be socially 

constructed and open to negotiation” [6]. A current example is that the focus of knowledge workers is increasingly devoted to a 

professional rather than a corporate culture. In comparison to the collective (inadvertently or by training and imitation) embrained and 

embodied knowledge, encultured knowledge incorporates additional qualities. In “Riding the Waves of Culture” [7], these qualities are 

explained as an onion with multiple layers: • Outer Layer: Explicit Products, e.g. language, food, buildings, houses, monuments, 

agriculture, shrines, markets, fashions, or art; • Middle Layer: Norms and Values, e.g. mutual sense of 'right' + 'wrong' (laws or social 

control) or definition of 'good' and 'bad' (for choosing alternatives); • Core Layer: Implicit Assumptions about Existence (effectiveness 

of peoples' problem-solving processes are formed by different sets of logical assumptions as a way to act upon nature in different 

geographic regions). 
5 Encoded Knowledge: “By converting knowledge into a tangible, explicit form [using words, numbers, and symbols] such as a 

document, knowledge can be communicated much more widely and with less cost. Interaction [by comparison] is limited in scope to 

those within hearing or able to have face-to-face contact.” Documents, however, can be disseminated widely and they persist over time, 

which makes them available for reference as and when they are needed, both by existing and by future persons [11]. However, encoded 

knowledge is also “inevitably simplified and selective, for it fails to capture and preserve the tacit skills and judgment of individuals 

[comprehensively]” [2]. 
6 Organizational Knowledge refers to encoded knowledge and information which “tends to generate a unified and predictable pattern 

of behavior and output in organizations […] and facilitates centralization and control” [2]. “Individuals thus learn [better] from the 

collective, and at the same time the collective learns from individuals. According to Crossan's 4I model, organizational learning 
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1.3 Co-evolution 3 – The Rise of Encoded
5
 and Organizational

6
 Knowledge 

Progressing Knowledge Development relies on intelligent agents converting “data into information 

and thence into knowledge through a two-step filtering process that is guided by the possession of 

prior knowledge. [But,] agents have finite brains and intelligence. They often encounter more data 

and information than they can process or store. [To cope], they [need to] have recourse to external 

processing and storage devices - e.g. artefacts of various kinds” [13] and some physical process that 

creates a more or less permanent record. The invention of writing provided this opportunity. 

Stewart and Cohen [10] introduced the term ‘Extelligence’ for the resulting externally stored 

information; it represents the cumulative archive of human cultural experience and know-how 

accessible and augmentable by any individual who knows how. In their concept, Extelligence forms 

the external counterpart to the intelligence of the human brain/mind and deals in information whereas 

intelligence deals in understanding; “with each driving the other in a complicit process of interactive 

co-evolution [the third].” 

By accumulating insights, transactions, and plans as extelligence in forms such as journals, 

blueprints, recipes, procedures, or policies, institutionalized knowledge emerges and becomes “an 

organizational legacy that remains in the corporate memory for subsequent generations. It is critical to 

remember that the context of each item of knowledge must also be captured: when it occurred, who is 

knowledgeable about it, who submitted it, and so on. Without this context, the knowledge product is 

not complete and cannot be successfully used, applied, or even understood” [11]. 

With the invention of Gutenberg’s printing press, the encoded memes and memeplexes were able 

to spread at an unprecedented scale, laying the foundation for our academic-paper-based citation 

system with its reputation economy which enabled the scientific and the subsequent industrial 

revolution. It allows “scientists to build on [own and others’] earlier work without having to repeat 

that work. The citation both credits the original discoverer, and provides a link in a chain of evidence” 

[14]. 

1.4 Co-evolution 4 - The Rise of Digitized, Networked, and Enclouded Knowledge Repositories 

In the 1950s, the analog mechanical and electronic infrastructure started to transform into today’s 

Information and Communication Technology (ICT). This Digital Revolution marked the beginning of 

the Information Age and the subsequent invention and use of ever more powerful digital computers, 

storage devices, and communication networks [15]. Due to its own transformational muscle, it has 

caused the need to address today’s Digital and Innovation Divides [16], but also provided memes with 

the means to evolve and reproduce in a wired ‘Ideosphere’ [17] where "information in the form of 

pure energy can easily fly out of the door and morph into a thousand variations of the product and 

service we used to think we owned" [18]. 

Similar to Beinhocker’s notion referred to, profound changes in our way of working and living are 

accelerating as the widespread diffusion of physical ICT Technologies is interacting in a co-evolution 

[the fourth] with databases, software applications and related organizational, commercial, social, and 

legal innovations (figure 2)
7
. It has led to a collective insight that the most valuable asset in any 

organization or society is investment in intangible Human and Social Capital and that the key 

competitive drivers are knowledge, creativity, and innovation, but it has also highlighted the need for 

more effective Knowledge Management
8
 Systems (KMS). 

                                                                                                                                                                                                 
involves a tension between assimilating new learning (exploration) and using what has been learned (exploitation). Individual, group, 

and organizational levels of learning are linked by the social and psychological processes of intuiting, interpreting, integrating, and 

institutionalizing (the four I's)” [11, 12]. 
7 One of the novel qualities of today’s systems is to keep track of the world’s ever increasing component, relationship, and dynamic 

complexities, such as social webs, networked retail, transport, or communication services, and the backward and forward traceability of 

individual constituents in larger technical or logistical contexts (e.g. recall actions in the automotive industry).   
8 „The goal of [organizational] KM is a practical one: to improve organizational capabilities through better use of the organization’s 

individual and collective knowledge resources. These resources include skills, capabilities, experience, routines, and norms, as well as 
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Fig. 2. Selected Innovations of Physical and Social Technologies, Applications and KM Concepts in the Knowledge Age. 

2. Relationships between the Four Co-evolutions, Current Challenges and Foresights 

Thanks to genetic evolution, early humanoids obtained robust bodies “that take in information (the 

senses), that process it (our cognitive systems), that integrate it with stored memories, that then attach 

emotional temperature and direction to it, in the shape of desires or aversions, and that issue in 

impulses to the motor cortex initiating choice and action” resulting in “a relatively plastic disposition 

ready to be tuned by education and experience” [21]. They also were equipped with the neo-cortex, a 

soon-to-expand random-access-circuitry part of the brain, which enabled memes to advance 

socially-learnt behavior, mimetic skills, communication, reasoning, learning, and the use of tools. 

But, larger brains and heads also face natural constraints in terms of energy needs, pregnancy/birth 

risks, and parental care regimes [22].  

By the time these biological constraints were exhausted, the arrival of language had 

accommodated the sharing of embrained knowledge across distance and generations and with it the 

establishment of encultured knowledge in the form of stable social technologies. Based on individual 

or collaborative planning, knowledge acquired and novel memes were encapsulated in physical 

technologies and triggered the co-evolution described by Beinhocker [9]. This process is still ongoing 

after also suffering a brief impeding constraint due to the limitations which plague human memory. 

With the arrival of writing, language transmissions were extended from an oral-aural medium into 

a durable visual medium allowing the explicit encoding and storing of information over long periods 

and making them available on demand [23]. The recourse to external memory and storage devices not 

only accelerated the continuing evolution of social and physical technologies but also sparked 

Stewart’s and Cohen’s extelligence-intelligence co-evolution [10]. A set of inventions, from 

                                                                                                                                                                                                 
technologies” [19]. Organizational KM’s “overall objective is to maximize the enterprise's Intellectual-Capital-related effectiveness 

and returns in all its forms” [20]. 
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accounting and administration to charting and printing, from education and libraries to information 

and communication technologies (ICT) facilitates the diffusion of the acquired knowledge over space 

and time and the occupation of human minds with further innovations and ever more complex tasks 

and challenges. Currently, this process has also reached a stage of severe constraints. 

2.1 From Information Scarcity to Information Abundance 

In ‘On the Origin of Tepees’, Hughes [22] makes the point that human evolution and memes’ 

endurances have not only thrived on big brain memory and communication technology with a high 

degree of accuracy, but also on an insatiable urge to use this technology for the purpose intended. 

While the first two traits - as discussed - were in the making for millions of years, the latter triggered 

a recent exponential growth of information due to advances in ICTs and their widespread 

affordability. As a result, the familiar problem of information scarcity (few sources/channels, high 

associated costs) has been substituted by a never before experienced ever-increasing attention- 

consuming information abundance
9
. 

But, as Stewart and Cohen [10] imply, extelligence can only have an impact if it is accessible and 

augmentable by individuals who know how. As Simon noted already forty years ago, the “wealth of 

information is creating a poverty of attention and with it a need to allocate that attention efficiently 

among the overabundance of information sources that might consume it” [25].  

This information overload - as experienced by many - is fed by high degrees of noise and trivial 

chatter as well as replicated, fragmented, misconstrued, and incomplete contents. Academic 

publications, for example, have significantly increased due to the expanding footprint of higher 

education and ‘publish-or-perish’ career policies; repetitions are thriving since many authors appear 

to be standing on the shoulders of the same giants. The advances in search engines are unable to keep 

pace and, so, daunting, discouraging, and time-wasting necessities are taking over and weaken 

individuals’ attention spans, productivity, and abilities to concentrate on crucial tasks. As the 

traditional physical filters and authorities lose their grip, “we can now see every idiotic idea put 

forward seriously and every serious idea treated idiotically” [26]. 

“The changing needs and inefficiencies described are felt strongly and manifest themselves as 

being critical of higher education not being able to transform adequately, e-Learning technologies 

failing to deliver, academic-paper-based citation and reputation systems lagging the pace, scope, and 

openness of online scholarship, knowledge management systems neglecting sense making and 

innovation as well as the detrimental effects caused by the digital and innovation divides” [27]. 

2.2 The Plight of the Knowledge Worker and of Knowledge-Creating Organizations 

For the rising creative class
10

 of knowledge workers, this could not have come at a worse time. Being 

confronted with the changing dynamics of work, the responsibility for self-development and lifelong 

learning is now said to be in their own hands [28]. Their professional life is typified by slipping 

control over constant interruptions, loss of time for real concentration, and less learning by 

observation and reflection [29] and their ever transforming work environment features sideways 

career moves between companies rather than the traditional career ladder, a horizontal labour market 

rather than progression in vertical hierarchies, and an identification with their occupation and 

profession rather than with their employing organization [30]. To stay competitive in the job market, 

they are advised to continually develop their intellectual, social, and emotional capital with 

engagement not only in one but multi-disciplinary domains [29]. 

                                                           
9 Corresponding to an average daily rate of over hundred thousand words and 34 gigabytes of data for an average American in 2008 

[24]. 
10 In addition to the traditional division of the workforce into an agricultural, working, and service class, Richard Florida introduced the 

concept of the Creative Class as a rising and driving force of economic development. Estimated to be one third of the workforce in the 

United States, their economic function is to create new ideas, new technology, or new creative contents as well as to engage in complex 

problem solving that involves a great deal of independent judgment and requires high levels of education or human capital [30]. 
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At the organizational level, first generation KM initiatives focused on the measuring, capturing, 

storing, and protecting of knowledge as a strategic asset. The future generation of KM systems, Pasher 

and Ronen argue, needs rather to center their attention on creating new knowledge and innovation, a 

process which requires creativity and the awareness that old knowledge becomes obsolete [31]. 

2.3 The Industrial Internet and the Singularity as Candidates for future Co-Evolutions 

The question arises: If the concerted efforts of the four co-evolutions portrayed have been indeed the 

shaper and driver of human innovativeness - what might lie ahead in regard to the next 

co-evolutionary stimulus? One development under way, exploiting the opportunities of cloud-based 

platforms and applications (to initiate the fifth co-evolution), is said to become the fourth industrial 

revolution; it is termed the ‘Industrial Internet’ [32] or ‘Cyber-Physical Systems’ and will facilitate 

machine learning, machine-to-machine communication, big data analytics, and the Internet of Things 

by incorporating networked sensors and software into goods and machines resulting in the 

self-organizational capability of complex value chains. 

The suggestion of futurists is the singularity - a point in time when artificial intelligence will 

outsmart human intelligence. In ‘How to create a Mind’, Kurzweil foresees the opportunity to amplify 

the advantageous abilities of the human brain “by migrating from biological to non-biological 

intelligence. Once a digital neo-cortex learns a skill, it can transfer that know-how in minutes or even 

seconds. […] The next step, of course, will be to expand the neo-cortex itself with its non-biological 

equivalent. […] A non-biological neo-cortex [in a further powerful co-evolution with instantly 

accessible repositories] could systematically explore all of the overlapping boundaries between our 

exponentially expanding frontiers of knowledge” and add to it at an unprecedented scale [1]. 

Both scenarios entail the consequence that more and more information (and memes) in the future 

will be generated, copied, varied, selected, and interpreted entirely by machines without human 

intervention and brain-to-brain transmissions; it caused Blackmoore to suggest the emergence of a 

third replicator termed ‘Temes’, short for technological memes [33].    

 

Fig. 3. Selected Innovations of Physical and Social Technologies, Applications and KM Concepts in the Knowledge Age. 
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3. The Need for Autonomous Personal Knowledge Management and Creative Conversations   

Figure 3 attempts to holistically visualize the time line and relationships between the co-evolutions 

portrayed. However, both of the mentioned suggestions (section 2.3, top right frames of figure 3) do 

not solve the ever-increasing attention-consuming information abundance, but will extensively add 

to it. Accordingly, these likely scenarios are further defeating the very attention our cognitive 

capabilities are able to master - at least until direct access to the Internet through brain implants will 

allow us to have "the entirety of the world's information as just one of our thoughts" [34, 35].  

In 1945, Bush imagined the (non-invasive) ‘Memex’, a hypothetical sort of mechanized private 

desk/library-device able to assume a similar function [36]. Bush’s nearly seventy-year-old vision has 

never been realized, but suggests a now feasible pathway for strengthening individual capacity and 

repertoire for innovation, sharing and collaboration by employing autonomous networked Personal 

Knowledge Management (PKM) devices. With a prototype system pursuing this concept about to be 

converted into a viable commercial PKM system (PKMS), the passages below reference the related 

recent publications and their particular role in discussing the PKMS’s concepts and features.  

To justify its position as the bottom right frame of figure 3, a PKMS must provide users with the 

means to aid life-long-learning, resourcefulness, creativity, and team-work throughout academic and 

professional life and as contributors and beneficiaries of organizational performance. This scope 

enables individuals to determine how their expertise will be used or exchanged with people, 

communities, or organizations close to them and also offers appealing and viable opportunities for 

other stakeholders in the educational [37], professional [38], and developmental [39] context. 

To foster high levels of acceptance and adoption, solutions to the challenges currently felt by users 

need to be addressed [40] and the integration of or compatibility with proven methodologies and 

approaches has to be verified [41, 42], although some of these tools have to be advanced further for 

the tasks at hand [43, 44] and the benefit of a comprehensible concept and transparent interface [45].  

Thus, the PKMS focuses on the relevant textual, visual, audio, or video memes a message or 

document contains, conserves them with their relevant frames of references (e.g. origins, titles, 

formats, licenses), embedded in a more-dimensional classification system for subsequent easy 

retrieval, and as an either pure, pre-edited, re-purposed, or already re-combined version according to 

the user’s individual preferences and objectives. By digitally capturing, referencing, and visualizing 

these basic information structures, the system allows the user to recall, sequence and combine stored 

memes with own new meme creations (‘nemes’) for integration in any type of authoring and sharing 

activity he/she would like to pursue. This way, a user can systematically retain and build upon 

knowledge acquired in order to sustain personal growth and facilitate productive collaborations. 

Although the deliberations have concluded that today’s abundance of information and changing 

career patterns would be better served by the proposed PKMS, the realization of this novel solution 

currently faces severe constraints due to the current paradigm, logics and logistics of centralized 

institutional systems thinking. Seven of these barriers have been identified with appropriate remedies. 

The resulting five provisions to be met empower individuals to keep their accumulated intellectual, 

social and emotional capitals in compatible recorded formats to benefit continuous modes of 

maintenance and learning and to uphold a basis for sustainable development, innovative authorship, 

and mutually beneficial collaborations. They also imply a departure from the current heavyweight, 

prohibitive, centralized, top-down, institutional developments with preference given to grass roots, 

bottom-up, lightweight, affordable, and personal applications across a multitude of platforms [27]. 

The prototype has been continuously expanded over the years and has been used personally for 

career support as a management consultant, scholar, professor, and academic manager. Recent 

advances in development and hosting platforms have now provided an opportunity for innovation and 

the conversion and advancement into a marketable application within two years. Publications- 

in-progress or planned will address further relevant issues including technological issues, demo 
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sessions, case studies, the opportunities for academic reputation systems, and appropriate outlines of 

training seminars for PKM systems (follow the progress at http://pkm.knowcations.net/publications). 
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