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Thoughts about thinking, decisions and rational 
choices 

 As sentient individuals, as each of us progresses into 
the future we unavoidably make decisions about what 
to do next… 

– Deciding is choosing among available alternatives 

– Deciding is an organic process having physical consequences 
for the individual’s life and its world 

– Even not deciding is deciding to make no decision… The 
future still happens (or should I say shit still happens?) 

 Each decision shapes our future lives for good or ill 
– The progress of time is inexorable – it cannot be reversed 

 As individuals do we choose to make our own 
decisions on the best available evidence? or 

 Do we choose to let the decisions of others and 
random chance determine our own futures? 2 



My Background: evolutionary biology and 
organizational knowledge management 

 Physics / evolutionary biology (PhD Harvard, 1973) 

 1981-1989: technical communicator/documentation manager 
(computer literacy, software development, banking) 

 1990-2007: documentation and knowledge management systems 
analyst/designer for Tenix Defence/$ 7 BN ANZAC Ship 
Project  

– Necessity to understand forecasting and project risk 

– Involvement with war fighters who genuinely understood the roles 
of effective decision making in competition & combat 

– Intimate observation of a powerful and capable company 
disintegrate and die because of indecision and bad decisions 

 2001-now: “organizational biologist” and climate change 
observer  

– Trying to understand how to communicate with and influence true 
believers, climate change deniers and “skeptics”, and the just plain 
ignorant. 
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How I developed a polydisciplinary understanding of 
knowledge and life 

 Combining biology and corporate experience in a 
hypertext: Application Holy Wars or a New 
Reformation - A Fugue on the Theory of Knowledge 

– Evolutionary epistemology / theory of knowledge 

– Theory of life 

– Human origins & cognitive evolution 

– Foundations and sharing of knowledge at the level of social 
systems (i.e., groups and organizations) 

– What it all means for the future of humanity 

 Putting together theory and practice from my career 
relating to making decisions with incomplete 
knowledge and limited time 
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Our lives and futures depend on decisions we make 
today and every day 

 We are living in an increasingly dangerous world 
– increasing populations compete for increasingly limited resources 

provided by fragile ecosystems on a finite and warming planet 

– increasingly demented leaders create disorder and chaos 

 As living individuals we absolutely depend on reality for: 
– consuming food, water, and breathable air 

– finding shelter from adversity that suits our physiological limits 

– being able to respond to threats and dangers we encounter 

– doing all of this in competition with a lot of other people 

 To satisfy these imperatives we must make many decisions 
every day 

– Good decisions need to be based on reliable knowledge 

– We are increasingly surrounded by “fake news”, “alternative 
facts”, fundamentalist dogma, lies, and censorship of reality 

 How can we determine which claims to knowledge are 
sufficiently trustworthy to support our decision making. 5 



Theoretical framework and 
the structure of reality 

— 

The inseparability of 
temporal change  

life  

and  

knowledge 

 
  
Hall, W.P. 2011. Physical basis for the emergence of 
autopoiesis, cognition and knowledge. Kororoit Institute 
Working Papers No. 2: 1-63. http://bit.ly/2lmesBS 

http://kororoit.org/PDFs/WorkingPapers/Hall-Working0002.pdf
http://kororoit.org/PDFs/WorkingPapers/Hall-Working0002.pdf
http://bit.ly/2lmesBS


Ellis (2006) Evolving block universe (Newtonian) 
Ellis & Rothman (2010) Crystallizing block universe (quantum mechanical) 

 Past is fixed 
 Present is determined in 

each instant of becoming 
 Future is undetermined 
 Solid line – what happened 
 Kauffman – adjacent 
possible 
– t1   Dashed lines indicate all 

possible future states that 
can be reached in the next 
instant from the present 

– t2    One state was realized at 
t1 , Dotted lines lead to states 
that could have happened at t1  

but didn’t/ can’t happen. 
Dashed lines represent states 
that can still be reached from 
the state at t2  

 The future is continually 
and progressively 
constrained by realization 
of the present 7 

http://tinyurl.com/5h6b9e
http://tinyurl.com/2bo55hy


 Autopoiesis (Maturana & Varela 1980; see also Wikipedia) 
– Reflexively self-regulating, self-sustaining, self-(re)producing dynamic entity 

– Continuation of autopoiesis depends on the dynamic structure of the state in the 
previous instant producing an autopoietic structure in the next instant through 
iterated cycles 

– Selective survival builds knowledge as corrective feedback into the system one 
problem solution at a time  (Popper 1972, 1994) 

 By surviving a perturbation, the “living” entity has solved a problem of life 

 Structural knowledge embodied in 
dynamic structure, e.g. as demonstrated 
by self-producing cellular automata 
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Solving problems of survival makes a system living 
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Gliders – cycle in 4 steps 

Gosper’s Glider Gun  
cycles in 14 steps 

Laws of Gosper’s Universe:  
3D quantum space-time. Each time step: 
Live cell with 2 or 3 live neighbours lives 
Dead cell with 3 live neighbours comes alive 
All other live cells die 

 Coupled subsystems in an autopoietic entity  

http://web.archive.org/web/20130911072526/http:/topologicalmedialab.net/xinwei/classes/readings/Maturana/autopoesis_and_cognition.pdf
http://en.wikipedia.org/wiki/Autopoiesis
http://en.wikipedia.org/wiki/Cellular_automata


Evolutionary 
epistemology 

- 

 anticipating the future 

-  

survival value of 
decisions 

 
  



What what are “knowledge”, truth and belief 

 Greek philosophy: “justified true belief” 

 Gettier’s Problem 
– Gettier (1963), Is justified true belief knowledge? 

 My working definitions: 
– Truth (Tarsky): “correspondence with reality” 

 Assumes that the world exists independently from our 
perceptions 

– Belief: a neurologically developed state of mind 
 Thinking is a physiological process of living entities 

– Knowledge: a trustworthy belief about reality 

 Karl Popper provides a biological understanding 
of knowledge 10 

https://en.wikipedia.org/wiki/Gettier_problem
https://en.wikipedia.org/wiki/Gettier_problem
https://en.wikipedia.org/wiki/Gettier_problem


 Popper  1959, 1963 
– We can’t prove if we know the truth 
– There is no such thing as induction 
– Deductively falsifying a theory is deterministic 
– Correspondence theory of truth 
– Make bold hypotheses and try to falsify them –  

what is left is better than what has been falsified 
– Falsifiability demarcates science from pseudoscience 

 Popper’s biological approach  (1972 – “Objective Knowledge”) 
– Knowledge is a biological phenomenon 
– Knowledge is solutions to problems of life 
– Living knowledge is constructed in the brain (thesis of radical constructivism) 
– Falsification doesn’t work in the real world; claims can be protected by 

auxiliary hypotheses (All claims to know must be regarded as fallible) 
– Three worlds ontology (later slide) 
– “Tetradic schema” / “general theory of evolution” to eliminate errors and 

build knowledge 

 Many contemporary philosophers misunderstand “objective knowledge” 
– “Objective knowledge” = knowledge encoded into/onto a physical 

object (DNA, printed paper, pitted CD, magnetic domains) 

Sir Karl Popper (1902-1994)  
on epistemology 

11 

https://www.amazon.com/Logic-Scientific-Discovery-Routledge-Classics/dp/0415278449/ref=pd_sbs_14_t_0?_encoding=UTF8&psc=1&refRID=BB9G4P46WGCJVFWE0FVB
https://www.amazon.com/Conjectures-Refutations-Scientific-Knowledge-Routledge/dp/0415285941
https://en.wikipedia.org/wiki/Constructivist_epistemology
https://en.wikipedia.org/wiki/Karl_Popper


 Vision does not form a carbon copy of 
external reality in the brain 

 The brain does not perceive reality, it 
constructs a model 

– Perception and cognition are 
consequences of propagating action 
potentials in a neuro-sensory network 

– Action potentials stimulated by chains  
of physical perturbations to neurons 

– Perception lags reality 

 Problems 
– “Problem of Induction” - any number of 

confirmations does not prove the next 
test will not be a refutation 

– The biological impossibility to know if a 
constructed claim to know is true 

Knowledge is constructed 
Impossible to know whether a claim is true or not 

12 Clock, via Wikimedia 
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Popper’s evolutionary theory of knowledge 

Natural selection builds knowledge (= solutions to problems) 

Pn  a real-world problem faced by a 
living entity 

TS  a tentative solution/theory. 
Tentative solutions are varied 
through serial/parallel iteration 

EE  a test or process of error 
elimination 

Pn+1 changed problem as faced by an 
entity incorporating a surviving 
solution 

The whole process is iterated 

 All knowledge claims are constructed, cannot  be proven to be true 

 TSs may be embodied as “living structure” in the “knowing” entity, or 

 TSs may be expressed in words as hypotheses, subject to objective criticism; or as 
genetic codes in DNA, subject to natural selection 

 Objective expression and criticism lets our theories die in our stead 

 Through cyclic iteration, sources of errors are found and eliminated 

 Solutions/theories  become more reliable as they survive repetitive testing 

 Surviving TSs are the source of all knowledge! 

Karl Popper, Objective Knowledge – An Evolutionary Approach 
(1972), pp. 241-244 



Anticipating the future to support decisions 

A difficulty with a general theory of 
evolution is to understand how cognitive 
processes can evolve through a 
“constructive” process of eliminating 
errors that anticipate and prepare to 
meet future requirements, a question 
that Alexander Riegler (2001) amongst 
others have considered at some length. 

 

Riegler called the processor an 
“anticipatory system”. 
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https://pdfs.semanticscholar.org/db82/7d5ded82973e081a572c79bd76f8188b0ed5.pdf


Life and evolution are physical processes  
These can be understood scientifically 

 The emergence and maintenance of life is driven by energy flowing from 
environmental sources to sinks through systems where entropic 
dissipation drives system dynamics and may make them more complex 

 Living systems are bounded, complex, mechanistic, self-referential, self-
producing, and autonomous (i.e. “autopoietic”). 

 Life is based on solving problems of survival (solutions = “knowledge”), 
i.e., in developing solutions to problems likely to recur 

 Knowledge is transmittable and shareable (i.e., “heritable”) 
– Life would not exist without the knowledge embodied in the structure of 

living systems 

 Three kinds of hereditary transmission for knowledge 
– Self-maintaining dynamic structure (life begets life) 

– Molecular (DNA replication & transcription, RNA translation) 

– Cultural (apprenticeships, speech, writing) 

 Given the existence of a physical universe like ours, heredity 
exists and evolution is inevitable (Slide 7) 

 Karl Popper (slide 13) explained the generality and inevitability 
of evolution for scientific knowledge and living things 15 



“Three worlds” ontology – another of Popper’s great 
ideas 

16 

Energy flow 
Thermodynamics 

Physics 
Chemistry 

Biochemistry 

Cybernetic 
self-regulation i.e. 

“structural knowledge” 
Cognition 

Consciousness 
Tacit knowledge 

Genetic heredity 
Recorded thought 
Computer memory 
Logical artifacts 

Reproduce/Produce 

Develop/Recall 

World 1 – External 
Reality 

World 2  
Organismic/personal/ 
situational/subjective/tacit 
knowledge in world 2 emerges 
from world 1 as a consequence 
of natural or self-selection 

World 3 
The world of “objective”  
knowledge (e.g., explicit 
knowledge) 

living 
knowledge 

codified 
knowledge 

the real 
world 



Creating and building knowledge is cyclical 

 Extending Popper’s ideas, again 
– Living knowledge is mentally constructed 
– Knowledge is solutions to problems 
– Solutions are tested and selectively knowledge 

claims that work (at least most of the time) 
 Follow tested claims until they are replaced by something 

that works better 

– Cannot logically prove the absolute truth of any 
claimed solution 
 All claims to know are potentially fallible 
 Discard beliefs that do not conform to reality 

 Knowledge building cycles  
– Endlessly iterated  
– May exist at several hierarchical levels of 

organization 17 



Herbert Simon  
and hierarchy theory 

 
  
Simon, H.A. (1973) The organization of complex systems. (in) 
Hierarchy Theory: The Challenge of Complex Systems. Ed. 
Pattee, H.H. George Braziller, New York, pp. 1-27 -  
(http://bit.ly/2lX18rh) 
 
Salthe, S. (1985) Evolving Hierarchical Systems: Their 
Structure And Representation. Columbia University Press, 
New York. 327-343 – (http://bit.ly/2lSuWVA) 

http://bit.ly/2lX18rh
http://bit.ly/2lSuWVA


Scalability and the complex organizational 
hierarchy 

 Knowledge-based 
autopoietic 
systems may 
emerge at several 
different 
hierarchical levels 
of organizational 
structure 

– Nation 
– State 
– Council 
– Community group 
– Person 
– Body cell 

19 

 

Representation from Salthe’s work 
See also Slide 8 



Personal vs organizational knowledge 

 Personal knowledge (in any form) is known by an individual  
 Organizational knowledge relates to the organization and 

is available within it and may be structural, personal or 
explicit 

 People know:  
– what knowledge the organization needs,  
– who may know the answer,  
– where in the organization explicit knowledge may be found,  
– why the knowledge is important or why it was created,  
– when the knowledge might be needed, and  
– how to apply the knowledge  

 This human knowledge is critical to the organization 
 Select sources whose knowledge you consider trustworthy 
 Snowden, D. 2002. Complex acts of knowing: paradox and 

descriptive self-awareness. J. Knowledge Management 6:100-111 
– Personal knowledge is volunteered; it cannot be conscripted.  
– People always know more than can be told, and will tell more than 

can be written down.  
– People only know what they know when they need to know it. 
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http://onlinelibrary.wiley.com/doi/10.1002/bult.284/pdf
http://onlinelibrary.wiley.com/doi/10.1002/bult.284/pdf
http://onlinelibrary.wiley.com/doi/10.1002/bult.284/pdf
http://onlinelibrary.wiley.com/doi/10.1002/bult.284/pdf


Fighting wars  

and 

surviving in the real 
world 

with 

bounded rationality 

 

 
  

Simon, H.A. (1979). Rational decision-making in business 
organizations. American Economic Review, 69, 493-513. 
[Nobel Memorial Lecture Economic Sciences, Dec. 8, 
1978] - http://tinyurl.com/26bhflq  
 
Osinga (2005) Science, strategy and war: the strategic 
theory of John Boyd - http://tinyurl.com/26eqduv 

tinyurl.com/26bhflq
tinyurl.com/26bhflq
http://tinyurl.com/26eqduv
http://tinyurl.com/26eqduv


Herbert Simon and “satisficing”: Making rational 
decisions with partial information and limited time  

 Simon (1955, 1957, 1979) recognized that humans’ mental 
capacity to assimilate and process information to make 
decisions is limited both in terms of the volume that can be 
perceived and attended to and by the time required to reach a 
decision based on that information. 

– Simon, H.A., 1955, A behavioral model of rational choice. Quarterly 
Journal of Economics, 69, 99-118 - http://tinyurl.com/y9rxkzc  

– Simon, H.A., 1957, Models of Man. Wiley.  

– Simon, H.A. 1979. Rational decision-making in business organizations [Nobel 
Memorial Lecture Economic Sciences, Dec. 8, 1978]. American Economic 
Review 69(4), 493-513. - http://tinyurl.com/27kkg85  

 It is impossible to take all the necessary time to make totally 
rational decisions based on all available information. Rationality 
is thus “bounded,” and people and organizations should 
“satisfice” decisions (i.e., do just enough work to make 
minimally satisfactory decisions and go on to the next thing).  

 How we do this depends on individual circumstances? 22 
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USAF Col. John Boyd's OODA Loop process wins 
dogfights and military conflicts 

 Achieving strategic power depends critically on learning more, better and 
faster, and reducing decision cycle times compared to competitors.  

 See also Olsen, J.A. (2016). Boyd revisited: a great mind with a touch of 
madness. Air Power History. 63(4):7-16 - http://bit.ly/2mPDc6V. 

http://bit.ly/2mPDc6V


OODA system of systems in the knowledge-based 
organization 

24 
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Building and processing knowledge in the 
organization / community 

25 Vines, R., Hall, W.P. 2011. Exploring the foundations of organizational knowledge.  
Kororoit Institute Working Papers No. 3: 1-39 - http://bit.ly/2lYM5Lb 

http://bit.ly/2lYM5Lb


Body of Formal 
Knowledge 

BoFK

“I” “WE” “THEM”
O

O

TTs

EE

Pn

O

EE

EXPLICIT
SUBMIT

EDITORIAL
REVIEW

PEER
REVIEW

EDITORIAL
DECISION &COMMENT

FORMAL PUBLISH

REWORK

BoFK

“I” “WE” “THEM”
O

O

TTs

EE

Pn

O

EE

EXPLICIT
SUBMIT

EDITORIAL
REVIEW

PEER
REVIEW

EDITORIAL
DECISION &COMMENT

FORMAL PUBLISH

REWORK

BoFK

“I” “WE” “THEM”
O

O

TTs

EE

Pn

O

EE

EXPLICIT
SUBMIT

EDITORIAL
REVIEW

PEER
REVIEW

EDITORIAL
DECISION &COMMENT

FORMAL PUBLISH

REWORK

BoFK

“I” “WE” “THEM”
O

O

TTs

EE

Pn

O

EE

EXPLICIT
SUBMIT

EDITORIAL
REVIEW

PEER
REVIEW

EDITORIAL
DECISION &COMMENT

FORMAL PUBLISH

REWORK

How is this reflected in scientific publishing? 
Constructing formal knowledge 

 Formal knowledge should be considered “safe to use” 26 

Formally published, operationally 
useful claim accepted by the 
scientific consensus is the  
gold standard 
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Building the web of scientific knowedge 



immutable past 

the world 

t1 

t1 – time of observation 

t2 

t2 – orientation & sensemaking 

t4 – effect action 
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“now” as it 
inexorably 
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intended 
future 

× 
× 

× 

divergen
t 

divergen
t 

divergent 
futures 
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future 

                    convergent future 

OODA 

t4 

t3 – planning & decision 

t3 

Anticipating and controlling 
the future from now 
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immutable past           

the world 

t1 

t2 

calendar time 

intended 
future 

× 
× 

× 

divergent 
futures 

divergent 
futures 

divergent 
futures 

× 

stochastic 
future 

                    convergent future 

OODA 

t4 

t3 

Perceivable world 

Cognitive edge 

journey thus far 

chart: received and constructed world 
view that remains extant and 
authoritative for a single OODA cycle.  

perceivable world: the world that the 
entity can observe at t1 in relationship to 
the chart. This is the external reality 
(W1) the entity can observe and 
understand in W2 (i.e., within its 
"cognitive edge" 

journey thus far: the memory of history 
at t2 as constructed in W2. Memories 
tend to focus on prospective and 
retrospective associations with events 
(event-relative time) and can also be 
chronological in nature (calendar time) 

chart 

“now” as it 
inexorably 
progresses 
 through 

time 

recent past: recent sensory data in 
calendar time concerning the perceivable 
world at t1 (i.e., observations) the entity 
can project forward to construct a 
concept of the present situation (i.e., at 
t3), or some future situation. Recent past 
is constructed in W2 based on what 
existed in W1 leading up to t1. 

recent 
past 

Present: calendar time: when an action is 
executed. 
•   perceived present: the entity's 
constructed understanding in W2 of its 
situation in the world at time t3; 
•   actual present: the entity's 
instantaneous situation in W1 at time t4. 

perceive
d 

present 

Proximal future: the entity's anticipated 
future situation in the world (W2) at t4 as 
a consequence of its actions at t1+j, where 
j is a time-step unit—typically on 
completing the next OODA cycle. This 
anticipation is based on observed recent 
past, perceived present and forecasting 
of the future up to t4. 

OODA 

t1+j 

proximal 
future 

Intended future: the entity's intended 
goal or situation in the world farther in 
the future (at tgs, where gs is a goal-
state and tgs is the moment when that 
goal is realised). Intentions are not 
necessarily time specific but are always 
associated with an event or goal-state 
(i.e., the arrival of a set point in calendar 
time can also be considered to be an 
event). 

tgs 

•   convergent future: the entity’s 
mapping of the proximal future against an 
intended future in which tgs can be 
specified. t1 and t1+j can also be mapped 
to tgs and then tgs+1 forecasted in the 
form of some subsequent goal. 
•   divergent future: a world state where 
the entity’s actions in the proximal future 
(t1+j) failed to achieve the world state of 
the intended future at tgs. 

29 



CONCLUSIONS 

 
  



Fake news, alternative facts  
vs trustworthy, actionable knowledge 

 Consider the claim 
– Would the reliability of the claim affect your decisions in any 

way? 
– Is the claim physically plausible? 
– Is the claim based on a chain of evidence logically connected 

with reality? 
– Has the claim been tested and intersubjectively validated 

(e.g., independently observed and reported, peer reviewed)? 
– Accepted by a consensus of peers 
– Successfully applied in practice by others? 

 Consider the source(s) 
– Does the source have any qualifications to make the claim? 
– Does the source have a track record of reliability? 
– Who benefits if the claim is valid? i.g., does the source have 

particular vested interests? 

 Would you bet your life on the claim’s accuracy? 
31 



 Knowledge value function  
– claim’s accuracy reflects the true state of existence (i.e., 

the degree that rational actions based on the knowledge 
produce predictable results) 

– claim’s applicability to particular circumstances 

– quality and effects observed when knowledge enacted 

 Time issues 
– relentless advance 

– temporal lag of constructed W2 vs actual W1 

– old and multiply tested knowledge vs depreciation  

– tacit (uncriticisable) vs explicit issues 

Value and time 

32 



 Concerns in the decision & action cycle 
– rationality bounded in time 
– decision risk 
– intimidation and dithering about uncertainties 
– Danger of stuck OODA (“analysis paralysis”) 

 decisions by “running out of time” or “fiat” 
 paralysis blocks dependent decisions 

– Knowledge that is not refreshed depreciates 

 Minimax 
– increased observation time gives more detail for a larger 

perceivable world and a more accurate model of it 
– striving too long to reduce uncertainty gives more time for 

random events and other actors to create a stochastic 
future diverging from the intentional future, leading to less 
relevant world views and less effective control information 

 Advantage from changing world before competitors 
complete their own OODA loops 

OODA cycle times and strategic power 

33 



 Delaying decision & action without new observation and 
orientation depreciates the knowledge on which they depend 

– increasing unpredictability of results of actions 
– Operating inside a competitor’s (OODA) loop breaks its external 

bonds with its environment and creates mismatches between the real 
world and its perceptions of that world.  

– Initial confusion and disorder can degenerate into internal dissolution 
that erodes the will to resist.  

 Current world-knowledge doesn’t age well, but…  
– Some kinds of knowledge can become more valuable with time. 
– The most valuable knowledge may be “old” knowledge that has 

survived testing in many OODA loops as cultural heritage.  
– Rapid decision also benefits from cultural paradigms that don't have 

to be revisited often (Boyd) 
– At the tactical level, one needs to deal aggressively with latency 

issues. 

Conclusions 
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http://www.belisarius.com/modern_business_strategy/boyd/boyds_ooda_loop.ppt
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