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Abstract 
The purpose of this paper is to validate G.L.S Shackle’s theory of Potential 
surprise in economic decisions. The critique against potential surprise is its 
subjective process of making economic decisions. Attempts at formalizing the 
theory in mathematical sense have seen the inductive use of sub-additive 
probabilities and infinite alleles with the frame of discernment (θ) for evi-
dence theory. The theory, generally seems inseparable from set theory and 
probability regarding how belief function Bel(H) is derivably obtained from 
the set operation of empirical evidence m(n) and frame of discernment. In 
this paper, an algebraic approach is proposed using abductive analysis of the 
bounded space of [ ],µℜ . Test of sequence in chaos economic state (H) space 
showed Cauchy compliance and proved that ℜ  and μ commute conjuga-
tively. Consequently, a derivation for limiting state of economic decisions as 
indeterminate from the propensity of potential surprise between the bounds 
of awful with implausible outcome (ℜ ) and astounding with implausible 
outcome (μ) is theorized. 
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1. Introduction 

As early as 1713, Bernoulli had established the mathematical principle of insuffi-
cient reason upon which (Bayes, 1763) and (Laplace, 1814) demonstrated me-
thods of computing their states with limited expectations from such insufficient 
reasoning. Crucial and critical to such state system (Choatic in nature) is deci-
sion making possibility analysis from such imperfect knowledge (due to shackle) 
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provides us with bounded rationality or thinking space or extremums as con-
straints (due to Herbert Simon’s). Consequently, economic decisions are con-
strained by in-sufficient knowledge which hitherto required from possibility or 
plausibility analysis that are not derivable from a frequentative probability op-
tion without recourse to imagination role (Carter, 2015). Failures of frequency 
or probability dependent economic decisions are evident in the boom of some 
modern economies owing to dependence on deterministic supported results as 
opposed to implausibility (Ford & Ghose, 1994; Ford, 2001). On this basis, en-
trepreneurship decision is time tested and dependent, being not in favour of sta-
tistician’s probability which does not accommodate other extraneous human 
priorities with subjective needs and economic preferences (Shackle, 1982). As a 
resolution force to economic decision devoid of frequency or probability out-
come computations and to encompass extraneous human preferences, potential 
surprise theory was birthed by Shackle (1949, 1968). This is against time con-
suming and laborious weightings on favourably disposed of probability results 
from a pool of frequency outcomes. To obliterate constraints for economic deci-
sions ventilation of reasoning not based on probability of outcomes resort to 
potential surprise from the space state parametized by only two potential out-
comes for economic decisions makers to weigh on (Dunn, 2002). These parame-
ters as decision metrics are rooted in the epistemic knowledge identified in 
shackle’s potential surprise theory as based on imagination that harmonizes am-
bivalent rationalities of knowledge for the investor (Shackle, 1976).  

Research Objective 

The theory of potential surprise posits that as a result of incomplete imagination 
there is potential for surprise in economic decisions as can be validated by time. 
Naively, people considering investment take decision on the basis of choice by 
alluding priority to outcomes that resonate in frequency based probability evi-
dence and possible less risk whereas in reality seldom happens. Potential out-
comes have likelihood of never “imagined” and present themselves as surprise, 
thereby acting as buffers to rationalistic evidences hitherto decided (Sargent, 
1987; Radner, 1987). Shackle’s Potential Surprise theory finds compatibility with 
choice theory in economic sciences, which makes manifest in potential surprise 
owing to flood of possibilities stemming from imagination and possibilities (Dunn, 
2001). The theory bears on the burden of an economic decision maker constrained 
between extremes of two choices based possibility (Possible and Impossible) 
which is central to the economic thought of Shackle’s theory of Potential Surprise 
is seen to querrued by its subjectivity as against determinate forms of economic 
decisions, which are probability dependent metrics (Cantillo, 2015; Dubois & 
Prade, 1988). This requires that options are kept open since indeterminate deci-
sions possibilities often gives rise to potential surprise, over time which was once 
weighed as a decision criteria to invest originating from frequentative probabili-
ty (Carter, 2015). Incomplete knowledge from information theoretics and stretch 
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of imagination potentiates duality of possibilities denoted as “ℜ ” and “μ”—Two 
way decision going by the “Kaleidic” economics of Shackle, ℜ  will represent a 
subjectively awful and implausible outcome and μ to represent subjectively as-
tounding and implausible outcome (Wiseman, 1983; Resconi, Klir, & St. Clair, 
1992; Klir & Harmanec, 1994; Ford & Ghose, 1995; Ponsonnet, 1996; Ramirez & 
Selin, 2014). As a consequence of the above theoretic dilemma towards resolving 
the subjectively based theory, this paper offers a stand in the gap metric measure 
approach and expresses the limits of economic decision bounds. 

2. Literature Review 

G.L.S Shackle’s theory of potential surprise became a subject of controversy 
amongst stellar economists owing to its radical methods of economic decision 
based on potential surprise lacking in formalization and empiricism (Carter, 
2015). As a departure from formal economic thought, it wielded so much and 
intense criticism which most of its antagonist did not take into consideration 
that economics is not a laboratory science. A collection of mathematical regime 
with origin in general set theory and probability by Dempster (1967, 1968) and 
Shafer (1976, 1979, 1982) theorized economic decision as a consequence of rea-
soning from a posterior sample and limits of probability induced multi-valued 
mappings. Most motivating attempt by Shafer (1976) to provide mathematical 
support to potential surprise theory birthed the mathematical evidence theory 
leading to belief functions Bel(H) representing individuals’ belief (Jaffray, 1989; 
Gilboa & Schmeidler, 1993). On the basis of Shackle’s potential surprise bounded 
space of awful/implausible outcome (ℜ ) and astounding/implausible outcome 
(μ), evidence theory premised its literature on unpredictable hypothesis as un-
certainty for surprise between two (2) boundary of sub-additive probabilities 
and infinite alleles (Shafer, 1990; Ewens, 1990). Boundaries of ℜ |μ in shackles 
space for potential surprise had been inductively deployed to extremums of 
probabilities having lower and upper values on the strength of fuzzy logic by Fi-
oretti (2001) as intervals by: 

( ) ( )*
* 1PP θ θ= =  

( ) ( )*
* 0PP θ φ= =  

( ) ( )*
* 1PP A A+ = . 

Opinions in surprise literature are not allien to set theory operations that 
emanates from frame of discernment (θ) (Katzner, 1986). Arising from multiva-
lued opinion evidence can be formed as a prior to establishing unpredictable 
hypothesis wherein, evidence of first opinion is represented by  

( ) ( ) ( ){ }1 2 3, , ,m A m A m A   and second opinion having representation of 
( ) ( ) ( ){ }1 2 3, , ,m B m B m B   (Zabell, 1992; Hoppe, 1987). With these two evi-

denced outcome, a mind frame or discernment θ can be formed. According Fi-
oretti (2001) such evidence numbers (m) not as a probability requirements but 
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must add up with their frames to unity i.e.  

( ) ( ) 1,ii m A m+ =∑ θ  

ditto for Second frame as 

( ) ( ) 1ii m B m+ =∑ θ . 

Relatedly, combining both frames presents a purported semblance with 
Shackle’s potential surprise. Individuals’ belief play a vital role in supporting the 
evidence theory and validating the unpredictable hypotheses (H) (Zabell, 1992; 
Jaffray, 1992). In Fioretti (2001), the relationship between frame of discernment θ 
and empirical evidence say ( ) ( ) ( ){ }1 2 3, , ,m A m A m A   in validating H( H θ⊂ ) 
is given by:  

( ) ( )
i iA HBel H m A
⊂

= ∑  

where Bel(θ) = 1 is the limit of belief function iA H⊂ . 
In the light of Shafer (1986) construct on evidence combination, empiricism 

associated with evidence lies in the intersection commonality of subsets Ai and 
Aj from an opinion A to validate alternate hypotheses H1 and H2 having 

1 2H H = ∅ . On the basis of a single body of evidence for a decision maker, 
confirmation of any unpredictable hypothesis is invalid unless a second body of 
evidence is introduced to compute the belief function (Shafer, 1982; Jaffray, 
1989, 1992). If  

( ) ( ) ( ){ }
( ) ( ) ( ){ }

1 2 3

1 2 3

, , , body of evidence 1

, , , body of evidence 2

m A m A m A

m B m B m B





 

Using Dempster Shafer combination rule, hypothesis (H) combined evidence 
can be used to obtain a new belief function according to Fioretti (2001) as  

( )
( ) ( )
( ) ( )

empty set
1

i j

i j

i jA B H

i jA B

m A m B
m H

m A m B
=

=∅

= ∅ =
−

∑
∑





 

In view of Cantillo (2015)’s paper, Shackle’s potential surprise function is at 
variance with the orthodox economic requirements of deterministic methods 
which is core to neoclassical economics. Been at variance with determinism, 
Shackle’s theory must be in search of predictive methods within the pool of sur-
prise potentials to provide the link between subjective belief and non-determi- 
nistic decision (Williams, 1976; Loasby, 2011; Hargreaves-Heap & Hollis, 1987). 
However, the potential surprise theory is finding applications in contingency 
management in the areas of scenarios planning (Chermack, 2004). The literature 
of Derbyshire (2017) suggests that both theories boarders on same ontology by 
viewing the future as being constructed by the current imagination of an indi-
vidual by means of deductive reasoning (Shackle, 1983). Common mistakes about 
G.L.S Shackle’s potential surprise are that stellar economists have not come to 
terms with its transformative root in thinking (Wright & Godwin, 2009). This 
appears to be that classical economists use hindsight for decisions, now this pa-
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per provides insights to economic theories, while Shackelian economics uses fo-
resight for economic decisions. It is in this respect we instruct that the beginning 
of a theory (Potential surprise) may be lacking empirical data for validation yet 
justifiably inseparable from explanatory hypothesis building on inference from 
an abductive point of view. Similar indeterminate situations are obvious with 
policy summersaults in centralized governments administration with entropy 
characteristics leading to stabilized equilibrium (Zhang et al., 2022). These cir-
cumstances have also been investigated regarding uncertainty in relation to politics 
and investment decisions by Jens (2017) with similar precipitate result of contro-
versial and overtly seeming indeterminacy leading to a dynamic stable state.  

2.1. Theoretical Conceptualization 

The boundaries of potential surprise in the economic decision provide a space 
between ℜ  and μ such that intermediate point of ℜ  and μ are Herbert Si-
mon’s bounded (Katzner, 1986; Herbert, 1987; Kreeps, 2002). We shall proceed 
by showing that the space of potential surprise bounding economic decision be a 
function ( )sf ℘  and measurable in the interval [ ],ℜ µ .  

Lemma 1: If 1 2E E E=    where 1 2, ,E E   are mutually disjointed, 
then,  

( ) ( ) ( )
1 2

d d d
E E E

f x x f x x f x x= + +∫ ∫ ∫   

Proof: If “S” is an upper sum related to any partition and “s” is also a lower 
sum related to same or different partition, then,  

S I J s≥ ≥ ≥ . 

With I as the greatest lower bound of all upper sums, as a consequence, 
S I≥ . Taking J as the least upper bound of all lower sums, as a consequence, 
J s≥ . Corresponding, I J≥  for the case of not mutually disjoint.  

Complimentary,  

( ) ( ) ( )
1 2

d d d
E E E

f x x f x x f x x= +∫ ∫ ∫ . 

Holds for  

S I J s≥ ≥ ≥ . 

Lemma 2: If ( )f x  and ( )g x  are bounded and measurable on E, and  

( ) ( ) ( ) ( )d d d
E E E

f x g x x f x x g x x+ = +  ∫ ∫ ∫ . 

Then ( )f x  is Lebesque integrable if and only if for any 0E >  there exist a 
partition with upper and lower sums ,S s  for which S s− < ε . 

Proof: In a Lebesgue metric space, if for 0>ε  there correspond a partition 
such that S s E− < . Borrowing from Lemma 1, in which,  

S I J s≥ ≥ ≥ . 

Then, 0 I J S s≤ − ≤ − < ε . 
Putting I J=  with ε  as any arbitrary small gaps, then ( )f x  is Lebesgue 

integrable. Conversely, for I J=  and if 0>ε  there exist a partition such that  
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2
S I< +

ε .  

Since . .I g l b=  of all upper sums and 
2

s J> −
ε  with . .J l u b=  of all lower  

sums.  
As a consequence,  

2 2
S s I J   − < + − − =   

   

ε ε ε . 

Taking any two real outcome, say γ and Γ such that ( )sf< ℘ < Γγ , we can 
have γ and Γ as subextremes of ℜ  and μ and slicing it into n- decision groups 
by taking such values as, 1 2 1, , , n−α α α  so that  

0 1 2 1n−= < < < < = Γγ α α α α . 

Taking a particular set of sub decision group as a cluster of potential surprise 
and letting, , 1, 2, ,i i n= ξ  the group of all s℘  in [ ],ℜ µ  so that  

( )1i s if− ≤ ℘ <α α , then,  

( ){ }1:i s i s if−= ℘ ≤ ℘ <ξ α α  with 1,2, ,i k=             (1) 

Supposing all iξ  is quantifiable ( eq ) in “k”, for which,  

( ) ( ) ( )e e i e ik k k≥ + ξ ξq q q  

and are verified to be disjoint. Taking the upper and lower bounds in ℜ  and μ 
as outcomes as awful/implausible and astounding/implausible limits, then.  

( )
( )

/1 /11

/2 1 /21

: Upper bound for awful / implausible possibility

: Lower bound for astounding / implausible possibility

a i e i ai

a i ai

n

e i
n

S S

s s
=

−=

 = =


= =

∑
∑

α ξ

α ξ

q

q
 

By randomizing all sub-decision group in the cluster, limiting value, of I and J 
can be obtained for /1aS  and /2as  taking I = greater lower bound of all values 
of /1aS  for all sub-decision group J = least upper bound of all values of /2as  
for all sub-decision group.  

Taking the bounds of potential surprise in the bounds of the decision interval 
[ ],ℜ µ  with intermediate points as subjective decisions arrays limiting in I and J 
of [ℜ  and μ] we have that /1aS  and /2as  being upper and lower sums cor-
responding to a sub-decision group λ, with ϕ and ψ as least upper and greater 
lower bonds of ( )sf ℘  in [ ],ℜ µ , there exist,  

( ) ( )/2 /1a as S−ℜ ≤ ≤ ≤ −ℜψ µ φ µ                   (2) 

Using the nation ( ) ( )1 0 1/1 1 n n ia s s n s s i sS
−

℘ −℘ + + ℘ −℘ = ℘= ∆∑φ φ φ  

( ) ( )1 0 1/2 1 n n ia s s n s s i ss
−

℘ −℘ + + ℘ −℘ = ℘= ∆∑ψ ψ ψ  

/1 /2
1 1

,
i ia

n

i s i s
i i

n

aS s
= =

= ∆℘ = ℘∆∑ ∑φ ψ . 

Given that i i≤ ≤ ≤ψ ψ φ φ  and on multiplicative operation on 
is

∆℘  and 
summing over i from 1 to n, we have  
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1 1 1 1
i i i is i s i s s

i i

n n n

i i

n

= = = =

≤ ≤∆℘ ∆℘ ∆℘ ∆℘≤∑ ∑ ∑ ∑ψ ψ φ φ  

/2 /1
1 1

i is a a s
i

n n

i
s S

= =

≤ ≤∆℘ ℘≤ ∆∑ ∑ψ φ                   (3) 

Showing equations (2) = (3) and following the existence of I and J for /1aS  
and /2aS  of ( )sf ℘  on the space of [ℜ  and μ] then  

[ ] ( ) ( ) [ ] ( ) ( )
/1 /2

d , d
a as s s sS sI f J f

ℜ ℜ
= ℘ ℘ = ℘ ℘∫ ∫

µ µ
. 

For which [ ] [ ] ( )
/1 /2a a sS sI J f≠ => ℘  is Lebesgue measurable and integrable in 

[ ],ℜ µ  with a common value of  

( ) ( )ds sf
ℜ

℘ ℘∫
µ

. 

Since ( )sf ℘  is bounded and quantifiable space in ℜ  and μ, it follows spe-
cifically that ξ is a quantifiable sequence in [ ],ℜ µ  and as a property of lebesgue 
summation ( )n sf ℘  on ξ is:  

( ) ( )d ds s s sf g
ℜ

℘ ℘ = ℘ ℘∫ ∫
µ

ξ
. 

With ( ) ( ) if
0 if

s s
s

s

f
g

 ℘ ℘ ∈
℘ = 

℘ ∉

ξ
ξ

 

For which according to the sequence space sums of the upper and lower val-
ues of /1aS  and /2as  given,  

( ){ }1: ,i s s i if−= ℘ ℘ ≤ ℘ <∈ξ ξ α α  

This reduces the expression above to [ ],= ℜξ µ . With ( )nf ℘  as sequence 
of functions quantifiable ( eq ) on ξ, and if ( )/1aSφ  = Least upper bound ( )n sf ℘  
and ( )/2aSψ  = greatest lower bound ( )n sf ℘ . The ( )/1aSφ  and ( )/2aSψ   
are quantifiable in ξ. Since ( ) ( ){ } ( ) ( ){ }/1 2. . . . , ,a n s i s sS l u b f l u b f f= ℘ = ℘ ℘ φ  

and taking ( ) ( ){ } ( ) ( ){ }/2 2. . . . , ,a n s i s sS g l b f g l b f f= ℘ = ℘ ℘ ψ , then  

( ) ( )/1
1

e a e n s
i

S k f k
=

   ≥ = ℘ ≥   

α

φq q  as a consequence from Equation (1) since a  

Countable union of quantifiable potential surprises group is also quantifiable. 

2.2. Potential Surprise Space 

We have proposed that economic decisions are bounded in the interval of 
[ ],ℜ µ  and therein with intermediate point provide potential for surprise deci-
sion over time as alternative forgone within the sequence (Shackle, 1949; Carter, 
2015; Kreeps 2002). The sequence of events within the space suggests that possi-
bilities are components of the potential surprise.  

Lemma 3: Every convergent sequence is Cauchy sequence.  
Proof: Given the sequence of real numbers ( na ) converges to L. Therefore for  

any 0>ε , we obtain no such that 
2pa l− <
ε  for all 0p n> . 
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And, pa l−  for all 0q n> . 
Similarly, for both set absorptivity of 0P n>  and 0q n> , we have  

( ) ( )
2 2p q p q p qa a a l l a a l l a− = − + − ≤ − + − < + =
ε ε ε . 

If ( ) [ ],sf ℘ → ℜ µ , the sequence of potential outcome, as surprises in the 
bounded space [ ],ℜ µ  with,  

( )1i s if− ≤ ℘ <α α  is the sequence of ξ, for which  

( ){ }1:i s i s if−= ℘ ≤ ℘ <ξ α α  

That this sequence is bounded and convergent is shown by  

i i i= − + ≤ − +ξ ξ ξ ξ ξ ξ ξ . 

And having a real positive number q  such that i q<ξ  for all i. We intro-
duce a limiting point oi  that makes i − <ξ ξ ε  any positive number for all 

oi i> . 
Hence, i < +ξ ε ξ  for all oi i> . 
Correspondingly relate that i q<ξ  for all i if q  is taken as one of the larg-

est numbers 1 2, , , ,io +ξ ξ ξ ε ξ . The potential surprise outcome is obtainable 
from the set of sub decision in the interval of [ ],i iℜ µ  with 1,2,3,i =  , Hav-
ing 1 1i iℜ ≤ℜ ≤ ≤µ µ  bounded and monotonically increasing and decreasing 
sequences converges to ℜ  and μ. 

To show that an exert surprise exist is to put ℜ  = μ. This is done by making.  

( ) ( ) ( )i i i i−ℜ = − + −ℜ + ℜ −ℜµ µ µ µ  

i i i i−ℜ ≤ − + −ℜ + ℜ −ℜµ µ µ µ                 (4) 

At the condition ε > 0, we deterime 0 0i i i→ > . 

, ,
3 3 3i i i i− < −ℜ < ℜ −ℜ <
ε ε εµ µ µ  

From (4) −ℜ <µ ε , with ε as any positive number, then μ − ℜ  = 0, or ℜ  
= μ.  

The potency and appeal of Shackle’s theory of potential surprise is laced with 
limitation critique economic decisions based on determinism and went ahead to 
propose innovation and surprise as a symptomatic response for indeterminacy 
(Basili & Zappia, 2009). Such indeterminacy is bounded in the subjective space 
of surprise which time seems to validate for the decision taker (Shackle, 1968; 
Zongzhi, 2009). Being not a laboratory science, economic science allude cre-
dence to subjective expectations with several national dimensions of past time 
(found memories), future time (expectations) and present time(decision). Re-
solving these dimensions with their associated indeterminacy is profoundly 
found in isolating decision variable and treating the competing past and future 
variables in simultaneity within potential surprise space (Carter, 2015). The po-
tential surprise space with avalanche of subjective and divergent thoughts is ep-
istemically resolved in bounds of ℜ  (awful and implausible outcome) and μ 
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(astounding and implausible outcome). Within this bound which has semblance 
with Herbert Simon’s bound properties have been shown to have sequence of 
event outcomes between /1aS  to /2as  to be potential for surprise along the se-
quence. With ℜ  and μ showing characterization of conjugate properties, the 
sequence of subjective outcomes for potential surprise converging to a decision 
point ( DΩ ) can be deductively obtained by given any 0>ε , (ε = any positive 
number) in a sequence of potential surprise outcomes ( iξ ) converging to deci-
sion point ( DΩ ). We can get ok  such that:  

if all
2D ok−Ω < >θ
εξ θ . 

Also true for 
2D−Ω <λ
εξ  if all ok=λ . 

For both conditions of ok>θ  and ok=λ  and by means of factor difference  

( ) ( )
2 2D D D D− = −Ω + Ω − ≤ −Ω + Ω − < + =θ λ θ λ θ λ
ε εξ ξ ξ ξ ξ ξ ε  

This shows that the sequence of ( ){ }1:i s i s if− <≤= ℘ ℘ξ α α  bounded by 
[ ],ℜ µ  in the functions of ( )sf ℘  are Cauchy sequence by the conjugate limits 
of ℜ  and μ.  

If we interchange the bounds of the pool of potential surprise by resizing them 
as conjugate multiple, in the form ℜ µ  and ℜµ , then operating their 
products gives  

( ) ( )O ≤ ℜ − ℜ ⋅ ℜ − ℜµ µ µ µ . 

And as can be seen reduces to:  

, |ℜ ≤ ℜµ µ                           (5) 

Provided ℜ  and μ are bounds linearly related. 

2.3. Summary  

Shackle’s Potential Surprise theory in economic science has not received the de-
sired application in economic problems owing to the subjective reasoning de-
mands required by the theory. The efforts to making it a computable science has 
witnessed birth of probability and set theory by multi-valued mapping ap-
proaches as seen in the works of Dempster (1967, 1968). Shafer progressively, in 
Shafer (1976, 1979) and (1982) empirically by Fioretti (2001) provided evidence 
theory for the construction of coherent picture of reality from evidence in an in-
dividual’s mind yet laced with subjectivity of measurements in probability space 
for new possibilities. Fuzzy logic computable method was also introduced by Fi-
oretti (2001) with inductive use of interval logics to represent extremums. In all 
of these efforts, none has shown promise of computable process save for subjec-
tive beliefs from set theories and non-deterministic methods based on probabili-
ties. Consequently this paper theorizes the use of measure theory to offer com-
putation of the Shackelian potential surprise in an attempt to providing the 
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theory with a quantitifiable schema.  

3. Research Method 

This paper moved from theoretical conceptualization to use of abductive proof 
for the formalization of the measurability of potential surprise in economic 
analysis. The process commenced with a deep and extensive economic literature 
review to favour an identified gap of quantifying Shackle’s theory of potential 
surprise. It established the theoretical concord of the Shackelian bounds of ℜ  
and μ by theory of measures using the Lebesgue space to show symmetries with 
upperbound for awful/implausible possibility /1aS  and lower bound for as-
tounding/implausible possibility /2aS . Following such established relation, a 
potential surprise space was theorized to show that an exert surprise exist in a 
sequence of potential surprises ( s℘ ) in outcomes converging to a new deviated 
decision ( DΩ ) within the bounds of ℜ  and μ. It proceeded to proving that 
economic decisions are indeterminate arising from potential surprise as a Chao-
tic state space ( )H ℵ  with properties randomly dispersed and normalized within 
the bounds of ℜ  and μ. Showing that economic decisions are indeterminate in 
such chaotic state space was carried out by showing the deviations of ℜ  and μ 
( 2

ℜσ , 2
µσ ) are conjugated variables with symmetricity properties and can com-

mute exclusively for ( )ˆ ˆ, TiHℜ =µ  to obtain a relation for indeterminacy on the 
bounds of ℜ  and μ. 

3.1. Indeterminancy of Economic Decisions 

Economic thoughts in favour of attempts at extinguishing Shackle’s potential 
surprise theory in economic decision are profoundly calling for exclusion of 
perfect possible for the realization of Shackle’s zero potential surprise outcomes 
(Starmer, 1993; Smith, 1961). But Shackle’s strong point is that Statisticians re-
sults are based on probabilities of frequentative outcomes that are exogenous to 
other human contingent subjective needs and preference which are root sources 
of potential surprise in economic decisions (Carter, 2015). Shackle’s theory 
draws from the strength that economic decisions are purely unique and it is a 
function of a state of mind. This alludes indeterminacy to economic decisions 
and rather favours predictability of economic decision variables within some 
boundaries (Jaffray & Philippe, 1997). Indeterminacy of economic decision is 
further favoured with theoretics of economic unexpected economic collapse. In 
recent times most economic decisions taken on the basis of strong statistical re-
sults and observed frequency are in awe of Covid-19 interference that took eco-
nomic decisions in “potential surprise”. This is also evident with decision made 
in Ukraine and Russia arising from the infliction of “potential surprise” from the 
war against previous economic decisions made.  

In foregoing review of indeterminacy of economic decisions as a result of 
possibility of potential surprise, this paper shall proceed to show that within 
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the bounds of subjectively awful and implausible outcome (ℜ ) and subjec-
tively astounding implausible outcomes (μ) a series of potential surprise out-
comes exists with indeterminate properties (Shackle, 1980, 1983; Jaffray & Phi-
lippe, 1997).  

Potential theory  
It is impossible to determine economic decisions outside the bound of ℜ  

and μ which act as potential surprise space in economic decisions.  
Proof  
Suppose we have bounded space in length [ ],s℘ ℜ µ  given the geometric 

representation 
 

 
 

Let ,ℜ µσ σ  be outside of bound of [ ],s℘ ℜ µ  such that ,ℜ µσ σ  are de-
viated variables from the sequence with chaotic property randomly dispersed 
outside of s℘  space with dynamic time (Knudsen, 2000) index T as  

( ) ( )21
1lim , , ,

TT s s sT
H H

T→∞
ℵ ≡ ℘ ℘ ℘  

If the process normalizes in the bounds of ℜ , μ as a stationary sequence from 
threshold point acting. 

With preceding conditional chaos ( *H ) to stationary property of sequences of 

s℘  in λξ  as;  

( ) ( )1 2 1

* 1lim | , , ,
T TT sT s s sT

H H
T − −→∞

ℵ ≡ ℘ ℘ ℘ ℘  

Then  

( ) ( ) ( ) ( )2 1 1

* | |
T TT s s s sH H H H

−
ℵ = ℵ = ℘ ℘ ℘ ℘  

Taking average deviations from decision point ( oΩ ) by one to one mapping 
points in ℜ  and μ as s℘ , in which, i i DDℜ = ℜ −Ω  and j j DD = −Ωµ µ  so  

that 1i=ℜ  and 1j=µ , gives ( ) 11 1
1
2 i j sD Dℜ

= =+ =℘µ . With ( )H ℵ  and ( )*H ℵ   

(Golan, 2006) as space state normalization metrics, for boundary condition sta-
tionarity occurring at ℜ , μ boundaries, than we have the standard deviations of 
ℜ , μ been in chaos from decision point ( DΩ ) as ℜσ , µσ  conjugated va-
riables. Therefore,  
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( )2 22 2
D D D Dℜ = Ω − Ω = Ω − Ωσ                 (6) 

With 2
ℜσ  as the average squared difference from the decision point ( DΩ )  

within the sequence ( iξ ) of expectations values ( )2ˆ ˆℜ− ℜ  overtime (T) in  

chaotic state normalization metrics ( *
TH ) having chaotic rate of dispersion from 

DΩ  as:  

( )
( )

lim ,
T
s

S T

H
H

T→∞

℘
℘ =  

s℘  been a consequence of time (T). Rewriting the Expression (6) above with 
expectation outcome plausibility, we have:  

( )2
2 * *ˆ ˆ

T TH Hℜ = ℜ− ℜσ  

Having DΩ  in bounds of ℜ  and μ on Herbert Simon bound, we set: 

( )ˆ ˆ
i= ℜ− ℜω ξ  as 2

ℜ =σ ω ω  at ℜ -bound, and for μ-bound, we set,  

( ) * 2ˆ ˆ asHΛ = − = Λ Λµµ µ σ  

Recalling expression (5) and substituting for 2
ℜσ  and 2

µσ  above we have  
22 2

ℜ = Λ Λ ≤µσ σ ω ω ω ω                  (7) 

Obtaining expression for (7) in their potential surprise values gives,  

( ) ( )

( )( )

* *

* *

* * * * * * * *

ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ

ˆ ˆˆ ˆ

ˆ ˆˆ ˆ

T T

T T

T T T T T T T T

H H

H H

H H H H H H H H

ω µ µ

µ µ

µ µ µ µ

µ µ

Λ = ℜ− ℜ −

= ℜ− ℜ −

= ℜ − ℜ − ℜ + ℜ

= ℜ − ℜ

 

And by deploying the conjugate of Λω  as test of symmetricity property 
we obtain  

ˆ ˆˆ ˆΛ = ℜ − ℜω µ µ  

By standardizing the expression with complex number property of  

( )
2

* *1
2i

Z Z Z Z
 

− 
 

≥  

Then Λω  is substituted by Z and *Z  for Λ ω  to give,  

( )

( )

2
2 2

2

1
2

1 ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ
2

i

i

ℜ

 
Λ − Λ 

 

 
ℜ − ℜ − ℜ − ℜ

≥

≥  
 

µσ σ ω ω

µ µ µ µ

 

This reduces to:  
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2
1 ˆ ˆ,
2i

≥ ℜ µ  

If ℜ̂  and µ̂  in symmetricity commute exclusively, then *ˆ ˆ TiH ℜ = µ  and 
by obtaining the square root of both sides, we have the indeterminacy expression 
for economic decision within the bounds of |ℜ µ  as  

*
*1or ,

2 2
T

T
H Hℜ ≥µσ σ                       (8) 

*
TH  been an Arbitrary chaotic economic state wherein T is the dynamic time 

of the process (Knudsen, 2000) for the expression in (8) suggests that economic 
decisions are bounded with surprises between an awful/implausible possibility 
(ℜ ) and astounding/implausible possibility (μ). Between ℜ  and μ presents us 
with ocean of potential surprises with indeterminate propensities. Implying that 
economic decisions cannot make outcome of both awful and astounding possi-
bilities. If economic decisions is awful, then the astounding outcomes exists po-
tentially and conjugatively if economic decisions is astounding, then an awful 
outcome exists potentially outcome exists potentially. 

3.2. Analysis and Discussion  

Drawing from the notion that information for economic decision are not finite 
(see Golan pg. 17/18) and shows spurious estimates over frequentative based 
probability outcomes, a tendency for entropy state (H) decisions arises with un-
certainty outlook harping on the unpredictability expounded by the Shackelian  

space, *

1

THℜ =µσ σ .  

In the light of such infinite propensities for economic outcomes from a prob-
ability dependent criterion, uncertainty therefore supports the state of indeter-
minacy from an entropic ( TH <ℵ ) information. This is especially the case when 
a decision maker knowledge or information catches is alien to the underlying 
characteristics behaviour of economic systems metric which often times induces 
entropy state from Zbili & Rama (2021) for a potential surprise as  

( ) ( )2logi iT T
i T

H P x P x= − ∗∑                    (9) 

In the real sense of information and entropy, no economic decision is absolute 
and free of economic skews or moments from a mortal economic force of im-
balances and future occurences. This was the mind of G.L.S Shackle and it is 
overt to say that decision space in economics are not turbulence (entropy) free 
and are characterized by indeterminate state from incomplete reasoning that 
births potential surprise.  

For example, decision for housing investment predicated on the developer’s 
budget based on certain economic decision metrics, as IRR, ARR, NPV, UNACOST, 
capitalized cost, etc. can as a matter of incomplete information be compelled to 
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succumb to mortal economic force of indeterminacy. Suppose the developer 
above was foreclosed to other economic restraint in guiding his decisions, such 
outliers are deemed to be subjective ignorance to the decision maker, but yet 
governed by the information of the decision space with entropic probability 
attributes  

( ) 2
1

1log
m

i
i i

H p P
P=

= ∑                        (10) 

which does not rely on distinct realized randomized variables, 1 2 3, , , , mx x x x  
but on their probabilities, 1 1 2 2 3 3| | | |, , , , m mx p x p x p x p . In our accompanying 
analysis below, we shall proceed to map decision metrics indices for a potential 
developer say IRR to a probability enabled entropy state computation as con-
gruent parameters to obtaining the limit state of the developers economic deci-
sion. Based on computational advice from the developer’s budget, the developer 
obtains five (5) consecutive IRR for five (5) alternatives of housing A or B. on 
the basis of joint entropy dependence, we associate their probabilities as:  

( )|P A B , letting ( )i iP A a P= = , ( )j jP B b P= =  then,  

( ) ( ) ( ) |, , | |i j ij i j i jP A a B b P A B P A a B b P= = = = = = =λ  

By commutating the probability values, we have ( ) ( )| , |P A B P B A  implying 
( ) ( ) || |j i j iP B A P B b A a q= = = =  for which  

1 1,i ij ii j
i j

jiP X q
= =

= =∑ ∑ λ  

Then joint entropy of A and B given:  

( ) 1| log logij ij ij
ij ijij

H A B = = −∑ ∑λ λ λ
λ

 

On a more general note, entropy (Chernoff forms with α-) has been written 
for processes with incomplete random variable by Renyi (1970) with order α- as  

( ) 1 log
1

R
k

k
H p P=

− ∑ α
α α

                    (11) 

Cross entropy between distributions as mentioned in Golan (2006) by Renyi 
(1970) for difference between two distributions, p and q of order α- was given as:  

( ) ( ) 1

1| || log
1

R R k

k k

P
D x y D p q

q −= =
− ∑

α

α α αα
            (12) 

Construction economics investigation for a prospective developer with five 
housing alternative to decide from on the basis of budget returned advise of IRR 
having two scenarios of flat (or continuous IRR) or discontinued IRR on the five 
alternative investment are presented (see Table 1). 

Lower entropy from the first scenario in Table 2 shows that investment decision 
in scenario is more realistic with less ignorance. However, according to G.L.S 
Shackles potential surprise theory, espitemic knowledge is bounded between lower 
and higher entropy beyond which the investment decision is indeterminate. 
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Table 1. Information and entropy values for investment decisions. 

Investment 
Alternatives 

Decision 
metrics 
(IRR) 

Outcome (A) Decision 
metrics 
(IRR) 

Outcome (B) 

iP  ( )ih P  iP  ( )ih P  

i 0.14α  0.212 2.258 0.15α  0.20 2.322 

j 0.07α  0.106 3.251 0.15α  0.20 2.322 

k 0.15α  0.227 2.158 0.15α  0.20 2.322 

l 0.10α  0.151 2.747 0.15α  0.20 2.322 

m 0.20α  0.303 1.742 0.15α  0.20 2.322 

Sum 
Entropy 

 1.00 1.119  1.0 2.322 

 
Table 2. Information and probability. 

iP  Information Entropy 

0.212 2.258 0.503 

0.106 3.251 1.010 

0.227 2.158 0.875 

0.151 2.747 1.393 

0.303 1.742 0.883 

 
Ever since, Renyi (1970) work, there has been a systematic bibliography on 

generalized entropy reviewed in Golan (2006) for Cressie & Read (1984) and 
particularly by Tsallis (1988) as,  

( ) ( ) 1

1| || 1
1

T T k

k k

P
D x y D p q

q −

 
= = − 

−  
∑

α

α α αα
            (13) 

Renyi (1970) and Tsallis (1988) entropies have been harmonized as stated in 
Golan (2006) in Tsallis (1988) and Holste et al. (1998) to be of the form; 

( ) ( )1 log 1 1 log
1

R TH x H = + − −α αα
α

               (14) 

By connecting Renyi (1970), Tsallis (1988) and Holste et al. (1998), Golan 
(2006) reported in Golan (2002) as stringing the three form of entropies, this 
form as:  

( ) ( )1 1
1|| log 1 ||R TD p q D p q+ + = − − α αα
α

               (15) 

For emphasis, over potential surprise space ( s℘ ) with chaos (entropy) prop-
erly will continue to be denoted with TH  for a function of indeterminacy from 
incomplete reasoning (information) owing to the stochastic property of the 
space. 
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4. Conclusion 

This paper provided validation of potential surprise theory as a contribution to 
economics literature. It moved from highlighting the misconception of the 
theory amongst 21st century economists who had reservations for the theory 
arising from its subjective approach rather than robust mathematical and com-
putable approach. Following the foundation of incomplete knowledge theory 
mathematical background, a theoretical build up was argued for, in support of 
potential surprise in economic decision. It moved from a conjecture of potential 
surprise space which hitherto has been proposed according to its theory to be 
bounded by two parameters of ℜ  (for subjectively awful and implausible out-
come) and μ (for subjectively astounding and implausible outcome). Analytic 
space duality showed that extremums exist between ℜ  and μ as bounded vari-
ation limits with sequence outcomes possessing propensity for potential surpris-
es from a decision point. Following the chaotic behavior propensities of poten-
tial surprise variables, deviations from the bounds of ℜ  and μ in their standard 
forms were manipulatively treated as inequalities being conjugate by the theory 
of potential surprise as impossible to simultaneously obtain ℜ  and μ in eco-
nomic decision. As a consequence of the proof, it became apparent that eco-
nomic decisions are limited to indeterminacy from the occurrence of both ℜ  
and μ in a chaotically abductive process showing potential for surprise.  
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