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TTaking a theoretical approach, in this paper 
I address ergodicity in forecasting stochastic 
financial processes. I focus on the relevant pa-
pers and results produced on the subject, i.e. 
the papers not cited are either redundant or 
deal with issues that follow from the analyses 
provided herein.

In examining financial processes, ergodic 
hypothesis is used by neoclassical economists 
who consider the future to be predictable, as 
opposed to the institutional school, whose ad-

vocates treat the future as uncertain and un-
predictable. The former employs econometric 
methods, mostly with Newtonian dynamics, 
to propose theories and models based on ab-
stract, axiomatic and unrealistic assumptions, 
whereas the latter relies on real economic and 
social assumptions as well as statistics built on 
logical reasoning.

In the course of debates on monetary theo-
ry, many concepts of thermodynamics and an 
even greater number of key financial concepts 
have remained unclear in the application of 
ergodicity, and arguments in the literature 
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rely on false logical and philosophical conclu-
sions, and unsupported assertions. This paper 
aims to remedy this deficiency by providing 
adequate comments on each concept and the 
original definitions, which will be helpful in 
understanding more complex cases.

Part I of this paper consists of 5 chapters. 
chapter 2 explores the origin of the ergodic 
hypothesis. Maxwell (1867) demonstrated 
that in thermal equilibrium, the distribution 
of the velocities of gas molecules are “sta-
tionary”, and the hypothesis formulated by 
Boltzmann (1884) proposes that equilibrium 
remains infinitely, whatever the initial state of 
the gas. The hypothesis establishes a certain 
relationship between the micro and macro 
worlds, revolutionising theoretical physics. 
chapter 3 analyses the applications of the er-
godic hypothesis to various stochastic financial 
models in papers written by Paul A. Samuelson 
in the 1960s, seeking to determine whether 
the author himself considered the application 
of the hypothesis as a new scientific method 
or merely an approximation to the equilib-
rium concept of classical economists. It was 
Paul Davidson who drew economists’ atten-
tion to the ergodic hypothesis as a new unre-
alistic assumption by neoclassical economists, 
which sparked wide-scale debate and inspired 
international research on the treatment of sto-
chastic financial processes as ergodic. In con-
trast with ergodicity, chapter 4 provides an 
analysis of John M. Keynes’ uncertainty theory 
in the context of the General Theory. Keynes 
built his uncertainty theory on his own con-
cept of logic of probability, where relations 
of probability were only partial implications, 
and evidence was only partial evidence for 
conclusions. Keynes construed probability as 
a degree of the “partial consequence” logical 
relation between propositions, which can be 
determined a priori, and specifies the degree 
to which a scientific hypothesis is supported 
by inductive evidence provided for that hy-

pothesis. Keynes uses the logic of probability 
to examine the uncertainty of output and em-
ployment in the context of stochastic changes 
in the return on investment. He argues that 
an investment decision depends on the state 
of expectation for long-term returns, which is 
an aggregate of psychological states of expec-
tation, and distinct from short-term expec-
tations, which are shaped by a hypothetical 
expectation based on various degrees of prob-
ability and certainty. The most seminal critic 
of Keynes’ logic of probability was Frank P. 
Ramsey, who held that in risky undertakings, 
the strength of people’s desires was measured 
by subjective utility, and that of their faith by 
subjective probability, and that as such, it was 
these measures that needed to be considered. 
Keynes accepted only a part of that criticism, 
and continued to regard the future as un-
certain. The analyses provided in this paper 
demonstrate that there is a difference between 
Frank Knight’s definition of uncertainty and 
Keynes’ interpretation of uncertainty.

ThE oRIGIn oF ERGoDICITy:  
LuDWIG BoLTzMAnn 

The issue of ergodicity was first raised in ir-
reversible thermodynamics in 1884, when 
Ludwig Boltzmann (1844–1906) used exact 
mathematical expressions to describe the state 
of a closed thermodynamic system. His results 
triggered the revolutionary development of 
theoretical physics, spanning from the micro-
scopic mechanical models of Rudolf Clausius 
(1822–1888) and James C. Maxwell (1831–
1879) to the macroscopic probability theory 
of Josiah W. Gibbs (1839–1903) and Albert 
Einstein (1879–1955).1

Research by Boltzmann rested on the foun-
dations of the Maxwell distribution, which 
concerned the velocities of gas molecules. In 
the context of a mechanical system that also 
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involved the collision of molecules, Maxwell 
(1867) demonstrated that the distribution of 
the velocities of the molecules was “station-
ary”, which remained unchanged owing to 
the continuous collision of molecules. Boltz-
mann was curious whether the dynamics of 
Maxwell’s equilibrium distribution would 
also hold in the limit, where time t converges 
to infinity, regardless of the initial state of the 
gas. for the purposes of his inquiry, he in-
troduced the probability distribution of rela-
tive time for a single gas molecule the veloc-
ity of which fell into a certain interval, while 
retaining the concept of probability for the 
velocity of gas molecules of a relative num-
ber. According to the ergodic hypothesis, a 
macroscopic gas system, which is objectively 
measurable in time, can, at a given point in 
time, be replaced by the average value calcu-
lated from the aggregate of unobservable and 
extremely complex microscopic molecular 
movements.

Boltzmann’s ergodic hypothesis permits the 
replacement of phase space/ensemble average 
by measurable time average. Ergodicity is ful-
filled if the time average of a system or pro-
cess equals its ensemble average. Time average 
is the average of one observed trajectory of a 
process (one time series). Ensemble average is 
the average of every possible state of a system. 
Kirstein (2015) defines ergodicity as follows:

Definition: A system is ergodic if the fol-
lowing equalisation is valid:

Time average = Ensemble average

f(x) =  f 

1
 T S f(x)(dx)

lim f(øt(x))dt =t T 0 (S)

where S is the energy surface of the system in 
phase space, Øt the state of the system at time 
t,  is the measure describing the volume in 

phase space, and f is an arbitrary -integrable 
real-valued function, with a Lebesgue integral 
as the numerator.

An ergodic system is homogeneous in the 
sense of an absence of a difference between 
past and future, which makes time analyti-
cal and has prompted Davidson to describe 
the case as one where “the future is merely 
the statistical reflection of the past” (Davidson, 
2009/b, p. 328). The absence of ergodicity 
breaks the symmetry between past and future; 
time is historical.

At this point, it should also be mentioned 
that dynamic systems are only generally er-
godic, an assertion that was first published 
in a paper by Andrey N. Kolmogorov (1954). 
He showed that for large classes of interactive 
dynamic systems, periodic trajectories may be 
constructed that are confined to specific sub-
spaces (invariant tori) of the ergodic surface. 
other studies are also known to have under-
mined the belief in the universality of ergodic 
systems. for example, Enrico Fermi, John Pasta 
and Stanislaw Ulam examined the behaviour 
of linked chains of non-harmonic oscillators. 
They expected their system to reach thermal 
equilibrium rapidly. Instead, they observed 
periodic oscillations in energy of various nor-
mal modes, and solitons. Extended by Arnold 
and Moser, Kolmogorov’s original theory has 
developed into the KAM theorem. The most 
interesting aspect of this new theory is the 
possibility for dynamic systems to generate 
random movements independently of ergo-
dicity.

classical physics, even with quantum me-
chanics and the theory of relativity, only pro-
vided relatively poor models for the evolution 
of various systems over time. The determinis-
tic laws of physics that were deemed accept-
able in the past appear gross simplifications 
today. In both classical and quantum mechan-
ics, when the state of a system was known at 
a given point in time with acceptable preci-
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sion, the future (and the past) could also be 
predicted – at least in principle. The theo-
retical framework predetermined that the past 
and the future were already incorporated in 
the present. Research by Nobel laureate Ilya 
Prigogine (1962) disproved this both in phys-
ics and biology, implying that only various 
possible scenarios could be predicted.

Inquiries into the present world at different 
levels affords an understanding of a variety of 
its principles. The micro world is governed by 
the laws of quantum physics, the macro world 
by those of chemistry and biology, whereas 
Einstein’s theory of relativity is accepted at the 
level of the universe. A fundamental flaw of 
today’s physics approach is that it considers it 
possible to understand macro from micro. In 
that approach, these levels only differ in terms 
of description, while in reality our entire uni-
verse is constructed from the elements of the 
micro world. The more is known about the 
microscopic world, the more is known about 
the macroscopic world. A similar approach 
prevails in economics as well, whereby macro 
developments are explained by reference to 
microeconomics. The micro interpretations of 
macro are highly questionable, since aggregate 
behaviour cannot be inferred from the fea-
tures of individual particles in the same way 
as the behavioural traits of individual con-
sumers cannot be used for the aggregation of 
similar social behaviours, for which theoreti-
cal evidence was provided in the noted sMD 
theorem.2

ERGoDIC hyPoThESIS In FInAnCES: 
PAuL A. SAMuELSon  
vERSuS PAuL DAvIDSon

To understand how samuelson related to er-
godicity, one needs to study his professional 
career, the financial and economic paradigms 
that shifted in rapid succession throughout 

his life, and their effects (Móczár, 2010/b). 
samuelson proclaimed that if conditions 
changed, theories would also change, and he 
was uniquely flexible in that regard. He ruth-
lessly scourged flawed theories; he was fair, 
but uncompromising both ideologically and 
politically.3 Although his creed implied that 
scientists should be priced by the intellectual 
market, he realised that the esteem of certain 
scientists was also influenced by other factors. 
He was not anchored to a single theory; he 
produced brilliant results on virtually all fron-
tiers. He was highly creative in both institu-
tional and neoclassical research, yet towards 
the end of his life he described himself as a 
“cafeteria Keynesian”. There was a period in 
his career when the profession demanded that 
he should be awarded a second Nobel prize.

The young samuelson’s attention to meth-
odology aspects that placed the study of finan-
cial and economic issues on completely new 
foundations may have been drawn by Edwin 
Bidwell Wilson, professor of physics and math-
ematician at Harvard, and a favourite student 
of the legendary Josiah Willard Gibbs, the fa-
ther of thermodynamics. Wilson introduced 
samuelson to the Lotka–Volterra theory of 
population dynamics, as well as Gibbs’ theory 
of thermodynamics, stability tests, etc., all of 
which he incorporated into his dissertation 
(Weintraub, 1991).

Written in a completely new language of 
mathematics, with contents and a mathemati-
cal technique that is incomprehensible even 
for the majority of today’s economists (not 
only in Hungary), his dissertation was pub-
lished in book form in 1947 as Foundations 
of Economic Analysis. samuelson’s disserta-
tion was also brilliant in its style. The lantern 
showing the way was the cowles commission, 
which undertook a major role in the spread of 
mathematical economics and econometrics4. 
from the publication of his dissertation on-
wards, samuelson’s research formed the main-
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stream of financial theory, which continues to 
be shaped today by his disciples and their later 
generation successors.

Influenced by the formalism of David Hil-
bert, the cowles commission and Bourbaki 
mathematics, in 1965 he wrote an excellent 
paper on market efficiency, where in the 
framework of a general stochastic price model 
he provides mathematical evidence for the 
random fluctuation of properly anticipated 
prices (samuelson, 1965). He takes the time 
series of prices,

{...Xt–2, Xt–1, Xt+0, Xt+1, Xt+2,...},

where he considers today’s and past prices to 
be known, and supposes that we cannot know 
with certainty tomorrow’s price or any future 
price, and that “[...] there is at best a probabil-
ity distribution for any future price” (ibid., p. 
42), whose form depends solely on the num-
ber of periods 0, 1, 2 ..., over which we are 
trying to forecast prices given knowledge of 
today’s price and past prices:

Pr { Xt+T = X | Xt+0 = x0,,Xt–1 = x1,... } =  
= P {X,x0,x1,...;T }.

He assumes these P probabilities not to de-
pend on, or change with, historical calendar 
time. In that sense, he posits a “stationary” 
process (which is nevertheless consistent with 
chronic inflation).

on the next page, samuelson assumes the 
possibility of an ergodic state emerging for P 
in the limit, as T. As a result of ergodicity, 
the following can be constructed:

lim P (X,x0,x1,...T = P(X), 
T

independently of (x0,x1,...)

That is, regardless of the initial conditions, the 
ergodic hypothesis is supposed to provide for 
the predictability of prices.

samuelson does not say anything else on 
the ergodic hypothesis, all the more so that he 
is the first to explain, for the first time in this 
paper, the random stochastic fluctuation (geo-
metrical Brownian motion5) of future prices. 
Therefore, by no means does he equate the 
two processes.

Another work of samuelson’s relying on 
the ergodic hypothesis was published in 1968: 
the paper is clearly ironic and self-critical of 
the “jackass” that the classical and neoclassical 
monetary theorist P. A. samuelson was regard-
ed in the period between 1932–1937.

“Essentially, we believed that in the longest 
run and in ideal models the amount of money 
did not matter. Money could be ‘neutral’ and in 
many conditions the hypothesis that it was could 
provide a good first or last approximation to the 
facts. To be sure, Hume, Fisher and Hawtrey 
had taught us that under dynamic conditions, 
an increase in money might lead to ‘money illu-
sion’ and might cause substantive changes – e.g. 
a shift to debtor-entrepreneurs and away from 
creditor-rentiers, a forced-saving shift to invest-
ment and away from consumption, a lessening of 
unemployment, a rise in wholesale prices relative 
to sticky retail prices and wage rates, et cetera.

But all this was at a second level of approxi-
mation, representing relatively transient aber-
rations. Moreover, this tended to be taught in 
applied courses on business cycles, money and 
finance, and economic history rather than in 
courses on pure theory. In a real sense there was 
a dichotomy in our minds; we were schizophren-
ics. From 9 to 9:50 a.m. we presented a simple 
quantity theory of neutral money. Then there 
were barely ten minutes to clear our plates for 
the 10 to 10:50 discussion on how an engineered 
increase in M would help the economy”. (samu-
elson, 1968, pp. 1–2).

This is where samuelson first notes: “I be-
gan to understand neoclassical economics only 
after Keynes’ General Theory shook me up”. 
(samuelson, 1969, p. 174). This was when 
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in the Foundations, in addition to all goods 
consumed he introduced M (money sup-
ply), together with all money prices, into 
the argument of his utility function. He ac-
knowledged the uniquely neutral quantita-
tive features of money by assuming his utility 
function to be homogeneous of degree zero in 
(M,P1,P2,...,Pn). In the 1968 paper, samuel-
son honestly reports on what they committed 
as “jackasses” in those “bad bad days” 20 years 
before, in the classical monetary theory.

They heroically accepted the abstract as-
sumptions of neoclassical economics,6 and 
due to the uncertainty in the timing of in- and 
out-payments, the importance of holding cash 
balances, along with certain laws of probabil-
ity. They would be ready to prove what was 
intuitively obvious, i.e. that doubling total 
M would (ceteris paribus) precisely double all 
prices and values in the long terms, which at 
the absolute price level would not affect real 
outputs and inputs, price ratios and terms of 
trade, interest rates and factor shares.

Next, samuelson discusses issues that are 
not relevant here but nevertheless important: 
Patinkin’s monetary theory, the cambridge 
equation MV=PQ, and a maximum task 
where the argument of the objective function 
includes the above utility function to which 
wages and rent from assets were added.

What is relevant for our purposes is the al-
location of newly introduced money among 
people. In the first solution, an important 
symmetry is at play: new money is allocated at 
the same rates as the previous M. If, however, 
the assumption of symmetry is suspended and 
all elasticities of income are assumed and add-
ed to M, they will be (approximately) unit size 
and the allocation of things among people will 
never be (very) important.

finally, and this is what is important for 
us at this point, samuelson notes that there 
is an implicit and an explicit assumption in 
the mind of the classical economist: an obvi-

ous equilibrium in the long run, which is in-
dependent of the initial conditions. This was 
the fatalistic intuition of classical economists 
remember Hayek, who, throughout his debate 
with Keynes7 insisted on what samuelson re-
fers to as “ergodic hypothesis” by analogy with 
Boltzmann’s concept.

Explicitly, he construes a simplified model 
with ergodic features. He assumes one half 
of the population to be men, and the other 
half to be women. Each has a probability pro-
pensity to spend three-quarters of its today’s 
money on its own products and one quarter 
on the other sex’s. This is shown in the follow-
ing Markov transitional probability matrix:

A=

3 1

=

1 + a 1 – a

, where a=
1

, and thus
4 4 2 2 2 2
1 3 1 – a 1 + a 2
4 4 2 2 2 2

At=

1 + at 1 – at

, 
2 2 2 2
1 – at 1 + at

2 2 2 2

1 1

, ergodic state.lim At=
2 2
1 1T
2 2

It is easy to see that the “ergodic state” is 
completely independent of the initial condi-
tions; if the initial conditions are four-fifths 
and one fifth, a completely identical deduction 
will apply to the new Markov transitional prob-
ability matrix, the only difference being that 
now a=3/5. Therefore, the ergodic state is now 
reached where a=3/5. The analogy is formally 
valid using Boltzmann’s interpretation; how-
ever, while in Markov’s dynamics the ergodic 
state is “static”, in thermodynamics the ergodic 
hypothesis is marked by the “stationary” veloci-
ties of molecules in motions, i.e. it is dynamic.
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samuelson’s 1968 paper was republished in 
1969 in a volume of studies edited by R. W. 
Clower (samuelson, 1969). That is where Da-
vidson found the passage of utmost relevance 
to him that has shaped his professional activi-
ties ever since.

“Now, Paul Samuelson, aged 20 a hundred 
years later, was not Harriet Martineau or David 
Ricardo; but as an equilibrium theorist he natu-
rally tended to think of models in which things 
settle down to a unique position independently of 
initial condition. Technically speaking, we theo-
rists hoped not to introduce hysteresis phenomena 
into our model, as the Bible does when it says, 
‘We pass this way only once’ and, in so saying, 
takes the subject out of the realm of science into 
the realm of genuine history” (clower, 1969, 
pp. 184–185).

The first part is clear; at 20, samuelson, 
too, accepted the fatalistic intuition of clas-
sical economists: an obvious equilibrium 
achieved in the long run independently of the 
initial condition,8 which he later ambiguously 
refers to as the ergodic hypothesis. on the 
other hand, it is not easy to understand the 
precise meaning of the Biblical proverb insert-
ed in the last sentence of the quote. The key to 
understanding is the hysteresis phenomenon, 
which, like his fellow theorists, samuelson 
hoped not to introduce into their model “as 
the Bible does when it says, ‘We pass this way 
only once’ and, in so saying, takes the subject out 
of the realm of science into the realm of genuine 
history”.

This was the passage that Davidson (1981–
82; 1991; 1996) misunderstood, partly 
through samuelson’s fault, when he consid-
ered the classical fatalistic intuition identical 
with the ergodic hypothesis and credited sam-
uelson with the “misleading conclusion” that 
the ergodic axiom was a sine qua non for the 
scientific method of finance. That said, Lucas 
and Sargent (1981) also proclaimed, indepen-
dently of Davidson, that the ergodic axiom 

was a unique scientific method in the pursuit 
of economics.

In his criticism, Davidson (2009/b) argues 
that several representatives of mainstream 
neoclassical economics (Lucas, Cochrane, Sar-
gent, Stiglitz, Mankiw, Scholes, etc.) assumed, 
either explicitly or implicitly that observable 
economic transactions were generated by an 
ergodic process. But what, indeed, is the er-
godic axiom in Davidson’s view? The ergodic 
axiom is based on the assumption that the fu-
ture is predetermined by existing parameters. 
consequently, the future is reliably predict-
able on the basis of a probability distribution 
derived from the analysis of past and current 
market data, which controls future events.

In other words, where future events have 
presumably been generated by an ergodic sto-
chastic process, the future is predetermined9 
and the past can be explored through the ap-
propriate analysis of current data by means 
of probability statistics in consideration of 
market foundations. Where the system is not 
ergodic, the probability distributions calcu-
lated from past and present statistics will not 
provide statistically reliable estimates for the 
probabilities of future events.

Interestingly, Davidson’s critique did not 
address samuelson’s third paper (1976), which 
introduces the ergodic probability distribu-
tion to examine price oscillations in the sto-
chastic version of the famous cobweb model. 
This may be because in that paper, samuelson 
assumes an ergodic (i.e. stationary) probability 
distribution10 rather than simply referring to 
the ergodic hypothesis, whereby he reinforces 
the classical fatalistic intuition: the obvious 
equilibrium that is achieved in the long run 
and is independent of the initial conditions.

“What I should like to do here is to point out 
that, from the very nature of a ‘stable’ stochastic 
process (one that in a genuine sense eventually 
forgets its past and therefore can be expected in 
the far future to approach an ergodic probabil-
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ity distribution), it is both inevitable and proper 
that the best forecast made – no matter what at-
tribute of the dependent variable that is under 
consideration, as for example its expected value 
of arithmetic mean, its median, its geometric 
mean or any other parameter to be conditionally 
described, with or without use of least squares11 
– should become insensitive to the data now at 
hand” (samuelson, 1976, p. 2).

In the stochastic version of the cobweb 
model, he assumes prices and quantities 
(crops) to be random variables by defining 
conditional Markov probabilities.

“Given the strong dampening properties of the 
non-linear system, the conditional probabilities 
can be shown, under plausible regularity condi-
tions, to approach an ergodic probability distri-
bution that is independent of initial P0 [price]” 
(samuelson, 1976, p. 5).

To the best of my knowledge, never again 
did samuelson rely on the ergodic axiom for 
his stochastic inquiries, which could be ex-
plained by either the appearance of Robert Lu-
cas’ rational expectations theory (for an anal-
ysis, see Part II of this paper), or the theory 
of efficient markets outlined by samuelson, 
which was eventually developed in full detail 
by Eugene Fama. Both economists were later 
awarded the Nobel prize.

Paul Davidson attributes the introduc-
tion of the ergodic hypothesis into financial 
economics to samuelson, who assumes the 
ergodic axiom to demonstrate that the sto-
chastic financial processes addressed in his 
1965 and 1968 papers reach the state of equi-
librium independent of the initial conditions. 
The assertion that the ergodic axiom would 
be a sine qua non for the scientific method of 
economics is strongly contested by a number 
of economists.12 Nevertheless, Davidson’s arti-
cles triggered international research on a wide 
scale in the field of ergodic and non-ergodic 
stochastic financial processes.

In chapter 5, I will point out the methods 

and models that require the acceptance of er-
godicity. for now, the question is what moti-
vated samuelson to make use of the ergodic 
hypothesis, especially in his 1968 paper. The 
answer was provided by samuelson himself, 
first in his dissertation entitled Foundations, 
then, through the use of analogies with phys-
ics, in proving the assertions made by classi-
cal and neoclassical theories under unrealistic 
conditions. Just as mathematics had been con-
sidered the queen of natural sciences, he was 
driven by an astounding ambition throughout 
his professional career to make economics a 
“hard” science like physics or astronomy, and 
the queen of social sciences. In this effort, he 
uncritically accepted – and ambiguously em-
ployed – the ergodic hypothesis, even though 
he did not use the term ergodic more than 
three times in his arguments throughout his 
entire career.

In turn, Davidson’s “investigative” work fo-
cused economists’ attention on the ergodic hy-
pothesis, and to that extent he placed another 
unrealistic assumption of neoclassical theory 
into the limelight. The post-Keynesian canon 
has sonorously been “echoing” Davidson’s 
logical and philosophical “phrases” on ergodic 
vs. non-ergodic hypothesis and the specula-
tions emerging in his analyses of samuelson’s 
papers, while from a methodological perspec-
tive, it tends to remain superficial. It should 
be noted that to the best of my knowledge, 
samuelson never responded to Davidson’s pa-
pers, which might be an elegant expression of 
his opinion in itself.13 In my view, Davidson 
had no particular interest in including the er-
godic hypothesis among the unrealistic condi-
tions of financial theory; he was much more 
attracted to Keynes’ theory, which was focused 
on the treatment of the future as uncertain 
with utter disregard to the ergodic hypoth-
esis. one of the most renowned authors on 
Keynes’ work, Robert Skidelsky (2009) lauded 
Davidson’s (2009/a) book as follows:
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“Paul Davidson has persistently attacked con-
ventional [neoclassical] economics for having 
ignored Keynes’s emphasis on uncertainty, and 
the use of money as a store of value, in causing 
economic crises. In this lucid new book, he ex-
poses the intellectual mistakes which led to the 
present world economic downturn, and shows 
how Keynes’s ideas can help bring about a ‘civi-
lized economic society’” (skidelsky, Davidson 
2009/a, back cover).

John M. KEynES (1883–1946): ThE 
FuTuRE IS unCERTAIn

Within the academic community of econo-
mists, only the post-Keynesian school has 
remained faithful to the teachings of Keynes’ 
General Theory. old classical, neoclassical and 
new-Keynesian economists disclaim Keynes’ 
legacy by accepting the ergodic axiom, which 
holds that any future data is merely the sta-
tistical reflection of the past. Moreover, the 
neoclassical Robert Lucas implicitly attacked 
Keynes when in the early 2000s he wrote in 
a publication of the university of chicago 
that at research seminars the audience starts to 
whisper and giggle at the mention of Keynes’ 
name. In those times, although questionably 
according to many commentators, Lucas was 
proclaimed the most successful macroecono-
mist in the world, and it appeared that Keynes’ 
recession theory, which dominated economic 
policy for an entire generation following 
World War II, was a thing of the past in both 
Western Europe and the us. However, the 
2008 global financial and economic crisis14 
proved Lucas wrong, and the rational expecta-
tions theory turned out to be utterly useless 
in overcoming the global crisis. Not only did 
it fail to suggest any solutions, it more or less 
asserted that market economies were not sup-
posed to face problems of the kind that other 
economies were facing.

undoubtedly, John M. Keynes was the 
most successful social scientist of the 20th 
century. His work, which he carried out in the 
fields of public economic policy, specific po-
litical philosophy and financial economics, is 
commonly referred to as the Keynesian revo-
lution. This paper addresses the last of these 
three fields, and more specifically, firstly his 
uncertainty theory and secondly, the concept 
of uncertainty in the General Theory.

He studied uncertainty on a scientific basis 
provided by A Treatise on Probability, which 
he built on formal logic. Because of its break 
with the conventional mathematical interpre-
tation of probability theory, the treatise has 
remained relevant for scientists involved in 
probability theory and mathematical logic to 
this day. for the purposes of this paper, the 
various critiques and borderline cases will be 
disregarded, and Keynes’ logic of probability 
will only be examined on the basis of his own 
work (1921) to understand the uncertainty 
shrouding his General Theory.

Keynes’ logic of  probability

Keynes construed probability as an element 
of formal logic:15 a logical relation, or more 
precisely, an implication between two propo-
sitions.

“Let our premisses consist of any set of proposi-
tions h, and our conclusion consist of any set of 
propositions a, then, if a knowledge of h justifies 
a rational belief in a of degree α, we say that 
there is a probability-relation of degree α be-
tween a and h. (This will be written a/h= α). In 
ordinary speech we often describe the conclusion 
as being doubtful, uncertain, or only probable” 
(Keynes, 1921, p. 4).

This is because for Keynes, rather than con-
ventional full implication (e.g. “Judith is a 
spinster, therefore Judith is a woman”), a rela-
tion is partial implication (Keynes, 1921, p. 
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52), where evidence (h) provides only partial 
proof for conclusion a. In Keynes, a probabil-
ity relation (a/h) is a proposition that a is par-
tially implied by h. for example: suppose that 
“John is a doctor” (a) and that “John comes 
from a family of doctors” (h). obviously, the 
mere fact that John comes from a family of 
doctors does not necessarily imply that John 
is a doctor, but could provide evidence that 
he is.

for the purposes of the argument below, it 
should be pointed out that Keynes construed 
probability as a degree of the “partial conse-
quence” logical relation between propositions, 
which can be determined a priori, and speci-
fies the degree to which a scientific hypothesis 
is supported by inductive evidence provided 
for that hypothesis. In Keynes’ interpreta-
tion, probability does not exist in the absolute 
sense, only between two propositions. There 
is no point in saying that proposition a has 
its own probability; it can only have a prob-
ability in relation to evidence. Additionally, 
this probability relation may vary depending 
on the evidence. for example, the probability 
relation a/g will be different from a/h or b/g. 
These are all distinct and different probability 
relations.

Like any other logical relation, these prob-
ability relations are objective. Keynes distin-
guishes between two types of subjectivism: one 
that is arbitrary, and one that is determined 
by objective conditions. He accepts the latter. 
Probability relations are understandable and 
perceivable through logical intuition, which 
does not mean that anyone can perceive them: 
they will be unperceivable for someone with a 
false logical intuition. This is not to say that 
people will respond to a given conclusion with 
the same probabilities: in the case of a differ-
ence in their evidence, they will accept the 
conclusion at varying degrees of probability.

“To this extent, therefore, probability may be 
called subjective. But in the sense important to 

logic, probability is not subjective. It is not, that 
is to say, subject to human caprice. A proposi-
tion is not probable because we think it so. When 
once the facts are given which determine our 
knowledge, what is probable or improbable in 
these circumstances has been fixed objectively, 
and is independent of our opinion. The Theory 
of Probability is logical, therefore, because it is 
concerned with the degree of belief which it is 
rational to entertain in given conditions, and 
not merely with the actual beliefs of particular 
individuals, which may or may not be rational” 
(Keynes, 1921, p. 4).

construing probability in this logical 
structure means that not all probabilities are 
mutually comparable; e.g. it is not possible 
to ask whether a/h is greater or less than b/g, 
both evidence and conclusions being differ-
ent. Where the same evidence is available for 
a series of probabilities (e.g. a/h, b/h, c/h), 
or various pieces of evidence for the same 
proposition (e.g. a/h, a/hg, a/hgj), the prob-
abilities are comparable. Keynes outlines this 
as follows:

“I maintain [...] that there are some pairs of 
probabilities between the members of which no 
comparison of magnitude is possible; that we 
can say, nevertheless, of some pairs of relations of 
probability that the one is greater and the other 
less, although it is not possible to measure the dif-
ference between them; and that in a very special 
type of case [...], a meaning can be given to a 
numerical comparison of magnitude” (Keynes, 
1921, p. 34).

In that light, it may be argued that Keynes 
analysed probabilities formally as a partial or-
der (i.e. one that is transitive but not com-
plete), where all probabilities lie between im-
possibility and certainty, between =0 and 
=1 (Keynes, 1921, p. 128), and certain sub-
sets of probabilities constitute an “ordered se-
ries” of mutually comparable elements. A spe-
cific probability may be an element of more 
than one such series, and each numerically 
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measurable probability belongs to a common 
ordered series.

comparison is not possible in any other 
cases. Yet, in many cases, probability cannot 
be specified numerically even where compari-
sons are in fact possible. Numerical probabil-
ity is only possible where the principle of in-
difference can be said to apply between certain 
alternatives; i.e. where two arguments have 
the same relevant evidence and no evidence 
is available for making a distinction between 
them, the arguments, being different, must 
be given equal probabilities. Let us take the 
known example of tossing a coin, where h= 
“a valid coin is tossed”, x= “heads”, and y= 
“tails”. Then, x/h=y/h and α=1/2.16 The other 
case of direct comparison is x/(h1  h)=x/h,  
when the premise h1 is said to be irrelevant. 
Therefore, Keynes allowed certain probabili-
ties to take numerical values, arguing, howev-
er, that “[...] the cases in which exact numerical 
measurement is possible are a very limited class, 
generally dependent on evidence which warrants 
a judgment of equiprobability by an application 
of the Principle of Indifference” (Keynes, 1921, 
p. 160).

Keynes’ probability theory is a probability 
theory relying on interval estimation. What 
does this mean? Let us consider the following 
overlapping interval estimates: (0.45 ; 0.60) 
and (0.50 ; 0.65). The probability pairs falling 
in these intervals are not “always more likely 
than not or less likely than not, or as likely 
as not.” None of these probabilities hold, and 
no comparison can be made between them in 
terms of magnitude. By contrast, the prob-
ability pairs falling in the non-overlapping in-
tervals (0.45 ; 0.50) and (0.51 ; 0.52) provide 
an example where the relation of one being 
greater and the other lesser applies, but with-
out the possibility of measuring the difference.

“The sphere of inexact numerical comparison 
is not, however, quite so limited. Many proba-
bilities, which are incapable of numerical meas-

urement, can be placed nevertheless between 
numerical limits. And by taking particular non-
numerical probabilities as standards (emphasis 
added, J. M.) a great number of comparisons 
or approximate measurements become possible. If 
we can place a probability in an order of mag-
nitude with some standard probability, we can 
obtain its approximate measure by comparison.

This method is frequently adopted in common 
discourse. When we ask how probable something 
is, we often put our question in the form – Is it 
more or less probable than so and so? – where 
‘so and so’ is some comparable and better known 
probability. We may thus obtain information in 
cases where it would be impossible to ascribe any 
number to the probability in question. Darwin 
was giving a numerical limit to a non-numerical 
probability when he said of a conversation with 
Lyell that he thought it no more likely that he 
should be right in nearly all points than that he 
should toss up a penny and get heads twenty times 
running. Similar cases and others also, where 
the probability which is taken as the standard 
of comparison is itself non-numerical and not, 
as in Darwin’s instance, a numerical one, will 
readily occur to the reader” (Keynes, 1921, pp. 
160–161).

Even more specific is the idea that proba-
bilities can be “non-numerical”, in a very spe-
cial sense (Keynes, 1921, chapter XV). This 
means that probabilities need to be measura-
ble on a scale that accepts the axioms of prob-
ability. In particular, it needs to accept the 
additivity axiom: P(x  y)=P(x)+P(y), where 
x and y are mutually exclusive propositions. 
This does not indicate whether an appropriate 
number can, in itself, be assigned to a specific 
probability, but whether the latter is measur-
able on an interval scale.

Although certain probabilities are not meas-
urable numerically, they can still be ordered:

“In these instances we can, perhaps, arrange 
the probabilities in an order of magnitude [...], 
although there is no basis for an estimate how 
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much stronger or weaker [one probability] is 
than the [other]” (Keynes, 1921, p. 29).

some probabilities, however, will not be 
comparable in ordinal terms:

“Is our expectation of rain, when we start out 
for a walk, always more likely than not, or less 
likely than not, or as likely as not? I am prepared 
to argue that on some occasions none of these 
alternatives hold [...]” (Keynes, 1921, p. 30).

finally, another important element of 
Keynes’ probability theory is the concept of 
weight. Weight relates to the level of confi-
dence we have as to our conclusion in a prob-
ability relation. New evidence will sometimes 
reduce the probability of an argument, but will 
always increase its weight. The measurement of 
evidential weight presents similar difficulties to 
those with which we met in the measurement 
of Keynes’ probability. only in a restricted 
class of cases can we compare the weights of 
two arguments, but this must always be possi-
ble where the conclusion of the two arguments 
is the same. This directly relates to the total 
amount of relevant evidence incorporated in 
the evidentiary judgment concerned. That is, 
the more relevant evidence there is for a prob-
ability, whether positive or negative, the great-
er the weight. Weight influences decisions as 
a lower weight of probability gives less confi-
dence to the agent, making it less likely that he 
will choose the option of that probability. for 
example, given two options, one with an out-
put of a high probability weight and the other 
with a low probability weight, where both have 
similar conclusions and levels of probability, 
we tend to choose the option of higher weight 
(Keynes, 1921, chapter VI).

Uncertainty in Keynes’ General Theory

Post-Keynesian theorists passionately argue 
that the implicit application of the logic of 
probability makes uncertainty central to 

Keynes’ General Theory (1936), particularly to 
the theory of long-term expectations (chap-
ter 12). Here, Keynes implicitly relied on the 
logic of probability to introduce the concept 
of uncertainty. To gain a precise understand-
ing of that concept, we consider his book in 
conjunction with his 1937 paper entitled 
The General Theory of Employment, which he 
wrote specifically to summarise and defend 
his book.17 uncertainty is present almost 
throughout the entire book; here the concept 
is presented through one of the most impor-
tant and most clearly explained examples.

In chapter 11 of the General Theory, 
Keynes argues that the volume of investment 
is a key factor in determining the performance 
of the economy as a whole. He considers this 
factor to be causa causans of the level of output 
and employment, taken collectively. for that 
reason, we will rely on Keynes’ investment 
analysis, which may be seen as the prototype 
of uncertainty in his book. We will examine 
three concepts introduced by Keynes in this 
context, namely prospective yield, and the de-
mand and supply price of investment. Keynes 
defines prospective yield as follows:

‘When a man buys an investment or capital-
asset, he purchases the right to the series of pro-
spective returns, which he expects to obtain from 
selling its output, after deducting the running 
expenses of obtaining that output, during the life 
of the asset. This series of annuities Q1,Q2,...Qn  
it is appropriate to call prospective yield of the 
investment’ (Keynes, 1936, p. 135).

Against the prospective yield of the invest-
ment, by the supply price of the capital asset 
Keynes does not mean the market price at 
which an asset of the type in question can 
actually be purchased in the market, but the 
price which would just induce a manufacturer 
newly to produce an additional unit of such 
assets, which he refers to as replacement cost. In 
his theory, the relation between the prospec-
tive yield of a capital asset and its supply price 
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or replacement cost, i.e. the ratio of the pro-
spective yield of one unit of that type of capi-
tal to the cost of producing that unit, defines 
the marginal efficiency of capital of that type. 
More precisely, Keynes defines the marginal 
efficiency of capital as being equal to that rate 
of discount which would make the present 
value of the series of annuities given by the 
returns expected from the capital asset during 
its life just equal to its supply price. This gives 
us the marginal efficiencies of particular types 
of capital assets. The greatest of these marginal 
efficiencies is the marginal efficiency of capital 
in general.

Note that here the marginal efficiency of 
capital is defined in terms of the expectation 
of yield and of the current supply price of the 
capital asset, and is dependent on rate of re-
turn expected to be obtainable on money if 
it were invested into a newly produced asset.

If Qr is the prospective yield from an as-
set at time r and dr is the present value of £1 
deferred r years at the current rate of interest, 
then ∑Q rdr  is the demand price of the invest-
ment; and investment will be carried to the 
point where ∑Q rdr  becomes equal to the sup-
ply price of the investment as defined above. 
If ∑Q rdr falls short of the supply price, there 
will be no current investment in the asset in 
question.

Therefore, any investment decision is cru-
cially dependent on the size of ∑Q rdr  (the 
demand price of the investment), which is 
obtained as the sum of prospective annual re-
turns discounted at the current rate of inter-
est. At this point, however, a central problem 
arises, as the prospective yields of the invest-
ment (Q1,Q2,...Qn) are not known, and conse-
quently ∑Q rdr  cannot be calculated.

As Keynes explains: “The outstanding fact is 
the extreme precariousness of the basis of knowl-
edge on which our estimates of prospective yield 
have to be made. Our knowledge of the factors 
which will govern the yield of an investment 

some years hence is usually very slight and often 
negligible. If we speak frankly, we have to admit 
that our basis of knowledge for estimating the 
yield ten years hence of a railway, a copper mine, 
a textile factory, the goodwill of a patent medi-
cine, an Atlantic liner, a building in the City of 
London amounts to little or sometimes to noth-
ing; or even five years hence” (Keynes, 1936, pp. 
149–150).

since actual future yields are not known, 
they need to be substituted for in the calcula-
tion of ∑Q rdr  so that the investment decision 
can be made on the basis of prospective yields. 
consequently, an investment decision de-
pends on what Keynes refers to as the state of 
long-term expectation, which is an aggregate 
of psychological states of expectation, and dis-
tinct from short-term expectations.

The concept of expectation18 is construed 
for the scale of production in a footnote: “An 
entrepreneur, who has to reach a practical deci-
sion as to his scale of production, does not, of 
course, entertain a single undoubting expecta-
tion of what the sale-proceeds of a given out-
put will be, but several hypothetical expecta-
tions held with varying degrees of probability 
and definiteness. By his expectation of proceeds 
I mean, therefore, that expectation of proceeds 
which, if it were held with certainty, would 
lead to the same behaviour as does the bundle 
of vague and more various possibilities which 
actually makes up his state of expectation when 
he reaches his decision” (Keynes, 1936, p. 24, 
footnote 3).

This reference indicates that in Keynes, 
expectation is shaped by several hypotheti-
cal expectations based on varying degrees of 
probability and certainty. This affords the con-
clusion that while Keynes uses the term expec-
tation in its standard sense, implicitly he works 
with the concept of probability. As regards 
uncertainty, he explains: “By ‘very uncertain’, 
I do not mean the same thing as ‘improbable’” 
(ibid., p. 148, footnote 1). This assertion was 
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of great concern to post-Keynesian theorists, 
but before addressing the question in detail, a 
reference is appropriate to Ramsey’s interpre-
tation of probability.

The most seminal critique of Keynes’ logic 
of probability was given in a posthumous pa-
per by Frank Plumton Ramsey (1931/1926). In 
that paper, Ramsey posits that people’s actions 
are largely determined by what they believe 
and desire, and the degree of those beliefs and 
desires. Ramsey held that the degree of peo-
ple’s beliefs was measured by the subjective 
probability attached to events.

To explain that, Ramsey made the follow-
ing assertion: “We all are more certain that the 
sun will rise to-morrow than that I shall not 
throw 12 with two dice first time, i.e. we have a 
belief of higher degree than 35/36 in it” (Ram-
sey, 1931/1926, p. 23).

for example, when people say that it is 
probably going to rain, they have a higher 
degree of belief that it will rain than that it 
will not. But what they do as a consequence 
of that belief, e.g. whether they take an um-
brella when they go out, also depends on what 
they want; for example, whether they want to 
avoid becoming wet, and if so, to what extent; 
or in other words, on the subjective utility at-
tached to remaining dry.

“Induction is such a useful habit, and so to 
adopt it is reasonable. All that philosophy can do 
is to analyse it, determine the degree of its utility, 
and find on what characteristics of nature this 
depends’ (Ramsey, ibid., p. 31).

Ramsey claimed that subjective utility 
measured the degree of people’s desires just 
as subjective probability measured that of 
their beliefs. The question is how to separate 
these two causes of people’s actions. Ramsey’s 
posthumous paper (1931/1926) showed how 
to strip out people’s subjective utilities and 
probabilities from their decisions which they 
adopt in their choice between various risky 
undertakings, and such utilities and probabili-

ties provide the foundations for a variety of 
analyses carried out in finances, statistics and 
philosophy. Nevertheless, as attested to by the 
following citation, Keynes accepted Ramsey’s 
critique only in part, i.e. in the General Theory 
in 1936, he made no adjustments whatsoever 
to his position on the uncertainty of the fu-
ture.

“Ramsey argues, as against the view which I 
had put forward, that probability is concerned 
not with objective relations between propositions 
but (in some sense) with degrees of belief, and 
he succeeds in showing that the calculus of prob-
abilities simply amounts to a set of rules for en-
suring that the system of degrees of belief which 
we hold shall be a consistent system. Thus the cal-
culus of probabilities belongs to formal logic. But 
the basis of our degrees of belief—or the a priori 
probabilities, as they used to be called—is part 
of our human outfit (behaviour), perhaps given 
us merely by natural selection, analogous to our 
perceptions and our memories rather than to for-
mal logic. So far I yield to Ramsey—I think he is 
right. But in attempting to distinguish ‘rational’ 
degrees of belief from belief in general he was not 
yet, I think, quite successful. It is not getting to 
the bottom of the principle of induction merely 
to say that it is a useful mental habit. Yet in at-
tempting to distinguish a ‘human’ logic from 
formal logic on the one hand and descriptive 
psychology on the other, Ramsey may have been 
pointing the way to the next field of study when 
formal logic has been put into good order and its 
highly limited scope properly defined” (Keynes, 
1933, pp. 243–244).

As aptly shown by this reference, Keynes 
accepted Ramsey’s critique in a number of re-
spects, but not on every point. Nevertheless, 
in the General Theory he dispensed with the 
logical interpretation of probability, and in 
determining the future yields of investment 
in the context of long-term expectations, he 
refers to knowledge as “uncertain”, being dis-
tinct from “probable”.
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Keynes (1937) provides the following ex-
planation for this: “By ‘uncertain’ knowledge, let 
me explain, I do not mean merely to distinguish 
what is known for certain from what is only 
probable. The game of roulette is not subject, in 
this sense, to uncertainty; nor is the prospect of a 
Victory bond being drawn. Or, again, the expec-
tation of life is only slightly uncertain. Even the 
weather is only moderately uncertain. The sense 
in which I am using the term is that in which 
the prospect of a European war is uncertain, or 
the price of copper and the rate of interest twenty 
years hence, or the obsolescence of a new inven-
tion, or the position of private wealth-owners in 
the social system in 1970. About these matters 
there is no scientific basis on which to form any 
calculable probability whatever. We simply do 
not know. Nevertheless, the necessity for action 
and for decision compels us as practical men to 
do our best to overlook this awkward fact and 
to behave exactly as we should if we had behind 
us a good Benthamite calculation of a series of 
prospective advantages and disadvantages, each 
multiplied by its appropriate probability, wait-
ing to be summed” (Keynes, 1937, pp. 113–
114, also cited in Gillies, 2003).

Employing a rather limited number of 
arguments, Gillies (2003) tried to “demon-
strate” that Frank Knight’s (1921) concept of 
uncertainty was identical to that of Keynes’, 
which to me does not appear convincing at 
all. Knight offers the simplest possible defini-
tion of uncertainty by arguing that a math-
ematical probability distribution may be as-
signed to risk, but not to uncertainty (Knight, 
1921, p. 233). As seen in the foregoing, with 
the theory of the logic of probability, Keynes’ 
model of uncertainty is much more complex 
than that of Knight’s, and the two are not 
interoperable, as Keynes’ model is construed 
on a coordinate plane that is different from 
Knight’s.19 Ever since, Gillies has been the 
only proponent of his view. Moreover, Knight 
argues that risk can be calculated from past 

data, which is in sharp contrast with Keynes’ 
theory on the logic of probability. To the best 
of my knowledge, neither Keynes nor Knight 
had ever referred to any link between their 
theories in their writings.20

In both his book, General Theory, and his 
paper, The General Theory of Employment, for 
the purposes of long-term forecasts Keynes 
consistently assumes uncertain financial and 
economic processes, without ever using the 
word ergodic. He simply ignores the concept.

ConCLuSIonS AnD LESSonS  
LEARnED

The acceptance of the ergodic hypothesis is the 
latest unrealistic assumption of neoclassical fi-
nancial economics. samuelson’s two examples 
show that the concepts of ergodicity as intro-
duced into stochastic financial processes are 
different from the concept construed in the 
ergodic hypothesis for the statistical mechan-
ics of kinetic gas models. According to the lat-
ter, the complex microscopic interactions be-
tween individual gas molecules must conform 
to the second law of thermodynamics, which 
does not have a corresponding concept in eco-
nomics. The two fundamental constraints are 
reversibility and repetition, which are only ap-
proximately similar to the concepts emerging 
in heterodox critiques of mainstream econom-
ics, and present major challenges in the finan-
cial applications of the ergodic hypothesis. At 
the same time, it is appropriate that ergodic-
ity should be introduced in econometrics, 
e.g. to ensure strict covariance stationarity21 
in stochastic financial processes. Testing cer-
tain stable and stationary stochastic financial 
models that include rational expectations or 
Markov dynamics may also require ergodic 
constraints. In financial economics, ergodicity 
is required for stochastic differential equations 
that are used in option pricing models.22
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The drawbacks of accepting the ergodic hy-
pothesis in certain financial models will be an-
alysed in Part II of this paper, in the next issue 
of the journal. Additionally, an overview will 

be provided of the various branches of eco-
nomics in terms of ergodicity and uncertainty, 
which calls for an update on the samuelson-
Nordhaus (1995) family tree of economics.

Notes

1 for their results in thermodynamics leading to ergo-
dicity, see Móczár (2008, 2010/c).

2 see Móczár (2008, pp. 321–322).

3 samuelson (1992) expressed sharp criticism over the 
misleading argument of Bródy (1989) in proving 
the von Neumann (1945) conjecture (see Móczár 
(2010/c) or Móczár (2008).

4 samuelson: “Back when I was 20 (...) I expected that 
the new econometrics would enable us to narrow down 
the uncertainties of our economic theories. We would be 
able to test and reject false theories. We would be able to 
infer new good theories (…) it has turned out not to be 
possible to arrive at a close approximation to indisputa-
ble truth (…)” (Samuelson, 1983, p. 66). Keynes held 
the same view in his 1940s debate on econometrics 
with Tinbergen.

5 see Móczár (2008, pp. 208–209).

6 Note the paradox in how critical the immature 
young samuelson was of the unrealistic assumptions 
of neoclassical economics, which he subsequently, as 
a mature scientist, fully accepted among the condi-
tions of his models. “I abstract heroically. We are all 
exactly alike. We live forever, we are perfect competitors 
and all-but-perfect soothsayers. Our inelastic labour 
supply is fully employed, working with inelastically 
supplied Ricardian land and (possibly heterogeneous) 
capital goods. We have built-in Pigou–Böhm rates of 
subjective time preference, discounting each next year’s 
independent utility by the constant factor 1/(1+p); 
p>0. We are in long-run equilibrium without technical 

change or population growth: the stock of capital goods 
has been depressed to the point where all own-interest 
rates are equal to r, the market rate of interest; in turn, 
r is equal to the subjective interest rate p, this being 
the condition for our propensity to consume being 100 
per cent of income, with zero net capital formation”. 
(samuelson, 1968, p. 5).

7 see Wapshott (2011).

8 The classical economist John Stuart Mill (1848, Book 
4, chapter 6: Of the Stationary State) was convinced 
and professed that it was necessary and desirable for 
every economy to reach a constant population and 
capital stock, i.e. a stationary state of the economy. 
Mill’s book and views exerted an enormous influ-
ence on neoclassical economists: it ran into a total 
of seven editions and was a textbook at the univer-
sity of oxford until 1919, and still has a number of 
noteworthy recommendations for today’s European 
union that is pursuing excessive welfare.

9 since then, the deterministic approach has been 
abandoned in physics, see Móczár (2008, pp.  
10–12).

10 I use the same distinction, see Móczár (2017).

11 Later he proposes the use of three-stage least squares 
estimation, which requires more mathematics, as 
well as cointegration and roots of unity see Móczár 
(2010/b, pp. 371–379).

12 Yoshino shiozawa (osaka city university), Michael 
Brady (california state university).
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Barnett, W. (2004): An Interview with Paul A. 
samuelson. Macroeconomic Dynamics, Vol. 8, Issue 4, 
pp. 519–542

Bródy, A. (1989): Economics and Thermodynam-
ics. In: John von Neumann and Modern Economics (eds.: 

M. Dore, s. chakravarty and R. M. Goodwin). clar-
endon Press, oxford

clower, W. R. (ed.) (1969): Monetary theory: se-
lected readings. Harmondworth: Penguin modern eco-
nomics readings, Baltimore

13 No debate ever took place between samuelson and 
Davidson.

14 see Móczár (2010/a).

15 Keynes’ father, John Neville Keynes (1852–1949) was 
an economist, but he was also professionally involved 
in ethics and logic. His book, Studies and Exercises in 
Formal Logic was first published in 1884, which was 
followed, after a series of revisions, by subsequent 
editions until 1906. Intellectually, Keynes’ child-
hood and youth in his parents’ house was occupied 
by formal logic, as he had a keen interest in the de-
bates and revisions preceding each edition (cf. Roy 
Harrod, 1951).

16 It is to be noted that in order to prevent the principle 
of indifference from running into paradoxes, predi-
cates are required that are irreducible, mutually ex-
clusive, and exhaust the universe of the conclusion. 
Keynes was aware of this hazard, and in chapter IV 
of his Treatise, he attempted to find a solution to the 
problem.

17 see Keynes (1937).

18 In Keynes’ writings, no reference is made at all to 
Jan Tinbergen’s 1932 paper, in which the model of 
rational expectations was first developed (Móczár, 
2008, p. 176). That is, Keynes’ theory of long-
term expectation based on uncertainty would not 
have accommodated the model of ergodic rational 
expectations, which it would simply have ignored. 
Moreover, in Keynes uncertainty is accompanied by 

constant change: in regression analysis, he consid-
ered the assumption of constant parameters an error 
as a significant amount of economic data are “not 
homogeneous over time”.

19 In a stochastic world, a decision made under uncer-
tainty also involves risk even if it is not measurable 
in terms of mathematical probability, which gives 
rise to an easily perceivable contradiction in Knight’s 
definition.

20 There is only a single reference by Keynes to Knight 
(1934), namely his definition of equilibrium in 
the context of interest rates (Keynes, 1936, p. 176, 
footnote 3), whereas Knight only refers to an article 
by Keynes’ father John Neville Keynes (1891) con-
cerning the scope and method of political economy 
(Knight, 1921, p. 10, footnote). The same applies to 
the prefaces to Knight’s work, running into four edi-
tions (the last published in 1957), which, as the only 
novelty, include the definition of risk and uncertain-
ty that I find questionable, and otherwise discuss the 
writings of previous neoclassical authors, mainly J. 
B. Clark, from the perspective of profit.

21 Time series models can be construed as discretisa-
tions of differential equations. A time series is said 
to have weak or covariance stationarity when its ex-
pected value, variance and autocovariances are inde-
pendent of time. It is said to have strong stationarity 
where the aggregate probability distribution of sub-
sequent observations is constant.

22 see Móczár (2008, p. 220).
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