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Abstract : We want to analyze in this paper the meaningof the non-classicalaspects of quantum
structures. We proceedby intro ducing a simple mechanistic macroscopicexperimental situation that
gives rise to quantum-lik e structures. We use this situation as a guiding example for our attempts
to explain the origin of the non-classicalaspects of quantum structures. We seethat the quantum
probabilities can be intro ducedas a consequenceof the presenceof ° uctuations on the experimental
apparatuses, and show that the full quantum structure can be obtained in this way. We dē ne
the classical limit as the physical situation that arises when the ° uctuations on the experimental
apparatusesdisappear. In the limit casewe come to a classical structure but in between we ¯nd
structures that are neither quantum nor classical. In this sense,our approach not only gives an
explanation for the non-classicalstructure of quantum theory, but also makes it possibleto dē ne,
and study the structure describing the intermediate new situations. By investigating in which way
the non-local quantum behavior disappearsduring the limiting processwe can explain the 'apparent'
locality of the classicalmacroscopicalworld. We come to the conclusion that quantum structures
are the ordinary structures of reality, and that our di±culties of becomingaware of this fact are due
to pre-scienti ¯c prejudices, of which someof them we shall point out.

1. In tro duction.

Everybody agreesthat quantum theory is very di®erent from classicaltheories. It is
a new mechanics, but also a new probabilit y theory (quantum probabilit y), a new propo-
sitional calculus (quantum logic) and a new measurement calculus (* algebra's). Many
aspects of these structural di®erencesin these di®erent categorieshave been investigated
and are presented in this conferenceof the International Quantum Structure Association.
During all theseyearsnot many results have beenobtained concerningan eventual phys-
ical explanation for the di®erencein structure. In our group in Brussels we have been
concentrating on this problem, and the main question that we want to consider is the
following : "Is it possibleto explain from a physical point of view the nature of the quan-
tum structure?". We have beenable to derive various results concerningthis question and
we shall represent them in this paper. In the explanation that we shall put forward the
non-classicalstructures ¯nd their origin in two main aspects of physical reality :

1.1 Experiments in general changethe states of the entities under consideration.

This fact hasoften beenmentioned in relation with quantum mechanics. Indeed, in the
quantum formalism an arbitrary state, represented by a ray of the Hilb ert space,is changed
by an experiment into another state, which is an eigen-ray of the operator corresponding
to the experiment. Classical theories in principle don't give a description of changing
states by experiments, although obviously also in the caseof most macroscopicalentities
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the states of theseentities will be changedby the e®ectof the experiment. If however this
changeis deterministic (equivalent experiments on entities in equivalent statesprovoke the
samechange), it can easily be incorporated in a classicaltheory (as we shall see,the basic
structures remain classical). Hencethis aspect of change of the state by the experiment,
although an essential aspect of quantum theory, is not its most characteristic feature,
leading to the appearanceof the non-classicalstructures.

1.2 The presence of ° uctuations on the experimental-situations resulting in quantum struc-
tures

As we know, the change of the state of a quantum entit y by an experiment is not
a deterministic process. The state changesto an eigenstateof the experiment and with
every eigenstate and individual probabilit y of change is connected. This indeterminism
has beena great worry for many of the physicists trying to understand quantum physics.
In earlier papers (Aerts 1986, 1987, 1992a) we have proposeda possibleexplanation for
the quantum probabilities. The explanation is the following :

Probabilities arrive as limits of relative frequenciesof repeated experiments. Re-
peated experiments mean equivalent experiments performed on equivalent entities in the
same states. Classical probabilities arise from the fact that usually one cannot prepare
the same states for the equivalent entities, which in technical language means that the
prepared states are mixed and not pure. This 'classical' situation gives rise to a classical
probabilit y model. Nobody has problems to understand the presenceof this kind of clas-
sical probabilities, becausethey originate in a lack of knowledge,that we have, on the real
'pure' state of the preparedentit y. The quest for a hidden variable theory, substituting for
quantum theory, is in fact an attempt to explain the quantum probabilities in this classical
way, as due to a lack of knowledge about the pure states of the prepared entities, these
pure statesbeing described by 'hidden variables'. Von Neumann's theorem (Von Neumann
1932) and later re¯ nements (Bell 1966,Gleason1957,Jauch and Piron 1963,Kochen and
Specker 1967, Gudder 1968), but even more the awarenessof the fact that such hidden
variable theories always lead to classicalstructures (Boolean propositional calculus, com-
mutativ e measurement calculus and Kolmogorovian probabilit y), made it seemimpossible
to attempt to explain the origin of the quantum probabilities in this way. Therefore not
so many physicists believed and believe in hidden variable theories. Let us put forward
the explanation that we want to proposefor the quantum probabilities. Supposethat in
the situation of repeated experiments we do succeedin preparing equivalent states (pure
states), but it is the equivalenceof the experiments that we fail to realize, then also this
type of situation must give rise to probabilities. Indeed suppose that we consider two
equivalent entities S1 and S2 prepared in the samestate p, and 'equivalent' experiments
e1 on S1 and e2 on S2. If these experiments e1 and e2 are not completely equivalent as
to their e®ect of change on the state p then they will generally lead to di®erent results
and di®erent changesof state, although each individual experimental processcan be a
deterministic process.We have called this a situation of 'hidden measurements' in (Aerts
1986) in analogy with hidden variables. Super̄ cially onecould think that such a situation
of hidden measurements must also lead to classicalstructures, becauseit is essentially a
situation of hidden variablesof the experimental apparatusesand not of the entit y. This is
however not true, as we shall show immediately by meansof our example. A situation of
hidden measurements always leadsto a quantum-lik e probabilit y model, and generatesalso
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the other non-classicalstructures, non-Boolean lattices of properties, non-commutativ e al-
gebra's of operators, characteristic of quantum theory. It will be one of the aims of this
paper to try to understand why this is so. Thesedi®erent hidden measurements, sincethey
are conceived by us asmembersof macroscopicallyequivalent experimental situations, are
° uctuations on the experimental situation. We shall show that if we intro duce in a very
natural way a number between 0 and 1 that parameterizesthe magnitude of these ° uc-
tuations, we can recover the quantum situation for a maximal value 1 of this parameter,
and the classicalsituation for minimal value 0 of the parameter. In between, we ¯nd an
intermediate situation, giving rise to structures that are neither quantum nor classical,
henceprobabilit y models that are neither Kolmogorovian nor quantum and setsof proper-
ties that are neither Boolean nor quantum. This parameter, presenting the magnitude of
the ° uctuations on the experimental situation, can describe the limit-pro cessbetweenthe
micro-world and macro-world. Fluctuations being maximal when experimental appara-
tusesare macroscopicand entities are microscopical,and ° uctuations being minimal when
both experimental situations and entities are macroscopic. In section 2 we intro duce our
example, in its most simple form, as it has beenpresented in (Aerts 1992b), giving rise to
a 't wo dimensional' quantummechanical structure. In section 3 we intro duce a variation
of the ° uctuations on the measurement situations, and show that we arrive at structures
that are neither quantum nor classical. In section 4 we analyse this procedure for the
in¯ nite dimensional case,and ¯nd a simple localization e®ect, that throws a new light on
the problem of non-locality.

2. The example.

Some remarks about the general concepts that we shall use. By the state p of a
physical entit y S at a certain instant t of time, we mean a description of the 'realit y' of
this physical entit y at this instant t of time. Hencewhen we usethe word 'state', we think
of the concept of 'pure' state. The so called 'mixed states' we shall regard as probabilit y
measureson the set of pure states. The state p can change when time elapsesunder
in° uenceof the outer world, and this changewe will call an evolution process.It can also
change under in° uenceof an experiment e on the entit y, and this change we will call an
experimental process.

Let us now intro duce our example. We consider a physical entit y that is a point
particle P that can be, and can move, on the surfaceof a sphere,with center O and radius
r . This particle P is our physical entit y (¯g 1).

P

a

v

u

-u

O

E1

E2

fig 1 : A point particle P is in a state pv at the point v of
the surface of the sphere. The experiment e consists of fixing
a piece of elastic with one end in a point u of the surface of the
sphere and the other end in the diametrically oposed point -u.
Once the elastic is posed, the particle P falls from v onto the
elastic and sticks on it in a point a. Then the elastic breaks. 
Let us consider two parts, the part E1 from a to u, and the part
E2 from a to -u. If the elastic breaks in E1, the particle P will
be drawn to the point -u, and if it breaks in E2 it will be drawn
to the point u.
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In our model of the point particle we considerthe point v wherethe particle is located at a
certain instant of time t, as representing the reality of this particle at time t, and henceits
state, that we shall denote pv . We intro duce an experiment eu that is the following. We
have a pieceof elastic E of length 2r . This elastic is ¯xed, with one of its end-points in a
point u of the surfaceof the sphereand the other end-point in the diametrically opposite
point ¡ u. Hencethe elastic passesthrough the center O of the sphere. Once the elastic is
placed, the particle P falls from its original placev onto the elastic, and takesthe shortest
path when falling, and sticks on it in somepoint a. Then the piece of elastic breaks. If
we consider the two parts of the elastic, the part E1 from a to u, and the part E2 from a
to ¡ u, it must break in a point of one of these two parts. If it breaks in E2, the particle
P will be drawn to the point u by the elastic still connectedto it, and we will say that
the experiment eu gives outcome o1. If it breaks in E1, the particle P will be drawn to
the point ¡ u by the elastic still connectedto it, and we will say that the experiment eu

gives outcome o2. This completesthe description of the experiment eu . If we denote the
state of the particle P being in the point u by pu , and the state of the particle P being
in ¡ u by p¡ u , then we can say that the experiment eu transforms the state pv into a new
state pu if outcome o1 occurs, or a state p¡ u if outcome o2 occurs. This changeof state is
not deterministic, in the sensethat the original state pv can be changedinto two di®erent
states pu or p¡ u . The probabilities connectedwith either of thesetwo possiblechangesby
the experiment eu (pv into pu , or pv into p¡ u ) depend on the internal construction of the
experimental apparatus, namely the way in which the mechanism of breaking of the elastic
functions. We shall make the following hypothesis: The probabilit y that the elastic breaks
in a certain segment is proportional to the length of this segment. Under this 'natural'
hypothesiswe can now easily calculate the probabilities.

We seethat the three points v, u and ¡ u are situated in a plane through the diameter
of the sphere(see¯g 2). Also the point a is in this plane, which meansthat the point P
moves in this plane. Let us call ° the angle betweenthe lines [0; u] and [0; v]. Then since
[a; v] is orthogonal to [u; ¡ u], and d(0; u) = r , E1 = d(u; a) = r (1 ¡ cos° ) = 2r sin 2 °

2 . And
E2 = d(¡ u; a) = r (1+ cos° ) = 2r cos2 °

2 . Sinced(¡ u; u) = 2r , we can ¯nd the probabilities:

P(pu j pv ) = probabilit y that if P is in v, it will be changedby eu and end up in u = the
probabilit y that E2 breaks= the length of [¡ u; a] divided by the length of [u; ¡ u] = cos2 °

2

P(p¡ u j pv ) = probabilit y that if P is in v, it will be changed by eu and end up in ¡ u
= the probabilit y that E1 breaks = the length of [u; a] divided by the length of [u; ¡ u] =
sin 2 °

2

which are the sameprobabilities as the onesrelated to the outcomesof a Stern-Gerlach
spin experiment on a spin 1/2 quantum particle, of which the spin state in direction
v = (r cosÁsinµ; r sinÁsinµ; r cosµ) is represented by the vector (e¡ i Á=2cosµ=2; ei Á=2sinµ=2)
and the experiment corresponding to the spin measurement in direction u = (r cos̄ sin®;

r sin ¯ sin®; r cos®) by the self adjoint operator 1
2

µ
cos® e¡ i¯ sin®

ei¯ sin® ¡ cos®

¶
in a two dimen-

sional complexHilb ert space,which shows the equivalencebetweenour examplewith ² = 1
and the quantum model of the spin of a spin 1

2 particle.
It is a well known fact that the probabilit y model corresponding to this physical

situation (isomorphic to the probabilit y model of the spin of a spin 1/2 quantum particle)
is non-Kolmogorovian. This has beenshown in Accardi (1982), and a simple proof can be
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found in Aerts(1986). Also the lattice of properties of this situation is isomorphic to the
lattice of properties of the spin of a spin 1/2 quantum particle, and hencenon Boolean,
as is explicitly shown in Aerts, Van Bogaert (1992) and Aerts, Durt, Grib, Van Bogaert,
Zapatrin (1992). The measurement calculus is non-commutativ e and also isomorphic to
the measurement calculusof the spin of a spin 1/2 particle. In a completely analogousway,
models of n-dimensional quantum entities can be constructed, only using macroscopical
experimental situations with ° uctuations on these experimental situations (Aerts 1986),
and a generalization to the in¯nite dimensional situation has been constructed (Aerts,
Durt, Van Bogaert 1993). Let us now proceedby explicitly intro ducing in a quantitativ e
way the ° uctuations on the experimental situations.

3. In tro ducing a parameterization of the ° uctuations on the exp erimen tal
situations.

If we demandthat the elastic can break at every-oneof its points, and the breaking of
a pieceis such that it is proportional to the length of this piece,then this hypothesis¯xes
the possible° uctuations on the experimental situations. Only certain type of elastic can
be usedto perform the experiments. We can easily imagine elastic that break in di®erent
ways depending on their physical construction. Let us intro duce the following di®erent
classesof elastic : At the one extreme we consider the elastic that can break in everyone
of its points and such that the breaking of a piece is proportional to the length of this
piece. Theseare the onesthat we have already considered,and since they lead to a pure
quantum structure, let us call them quantum-elastic. At the other extreme, we consider
elastic that can only break in one point, and let us suppose, for the sake of simplicit y,
that this point the middle of the elastic (in Aerts, Coecke, Durt, Van Bogaert 1992, the
generalsituation is treated). This last classare in fact not elastic, but since they are the
extreme caseof classesof real elastic, we still call them that way. We shall show that if
experiments are performed with this classof elastic, the resulting structures are classical,
and therefore we will call them classical-elastic.For the generalcase,we want to consider
a classof elastic that can only break in an segment of length 2r ¢² around the center of
the elastic. Let us call these²-elastic. Such an ²-elastic of length 2r can only break in the
points of the interval [r (1 ¡ ²); r (1 + ²)], and is unbreakable in the points of the intervals
[0; r (1 ¡ ²)] and [r (1 + ²); 2r ].

P

a

v

u

-u

O

E1

E2

fig 2 : An experiment with an � -elastic. The elastic can only
break in the interval [b,c], where the distance from b to O is
rá�  and the distance from c to O is also rá� . E1 is the length
of the interval where the elastic can break such that the point
P finaly arrives in u (in the dawing this is [b,a]), and E2 is the
length of the interval where the elastic can break such that the
point P finaly arrives at -u (in the drawing this is [a,c]).

b

c

Clearly the elastic with ² = 0, hencethe 0-elastic, are the classical-elastic,and the elastic
with ² = 1, hencethe 1-elastic, are the quantum-elastic. In this way, the parameter ² canbe
interpreted as representing the magnitude of the ° uctuations present in the experimental
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situations. If ² = 0, and for the experiment eu only amongclassical-elasticis chosen,there
are no ° uctuations, in the sensethat all elastic will break in the samepoint and have the
same in° uenceon the changing of the state of the entit y. The experiment eu is then a
pure experiment. If ² = 1, and for the experiment eu only among the quantum-elastic
is chosen, the ° uctuations are maximal, becausethe chosen elastic can break in any of
its points. In ¯g 2 we have represented a typical situation of an experiment with an ²-
elastic, where the elastic can only break between the points b and c. Let us calculate
the probabilities P(pu j pv ) and P(p¡ u j pv ) for state-transitions from the state pv of the
particle P before the experiment eu to one of the states pu or p¡ u . The length of the
interval [b;c] is equal to r (1 + ²) ¡ r (1 ¡ ²) = 2r ¢². Di®erent casesare possible : If the
point a lies between c and ¡ u, then E2 = 0. If the point a lies between b and c (see¯g
3), then E2 = r (1 + cos° ) ¡ r (1 ¡ ²) = r (² + cos° ). And if the point a lies between u
and b then E2 = 2r ¢². To ¯nd a general expressionfor the probabilities, we write E2

as a function of ° . To do this we proceedas follows. Let us intro duce an angle ¸ such
that coş = ², and characteristic functions of intervals X [®; ¯ ](° ) = 1 for ° belonging to
the interval [®; ¯ ], while X [®; ¯ ](° ) = 0 for ° not belonging to the interval [®; ¯ ]. Then
E2(° ) = 2r ¢² ¢X [0;¸ [ + r _(coş + cos±) ¢X [¸; ¸ + ¼

2 ] + 0¢X ]¸ + ¼
2 ;¼]. We can now easily calculate

the probabilit y P¸ (pu j pv ) that the particle P will arrive at u. This is E2 divided by
2r ¢e². HenceP¸ (pu j pv ) = 1

2r ² ¢(2r ¢²X [0;¸ [ + r (coş + cos° ) ¢X [¸; ¸ + ¼
2 ] + 0 ¢X ]¸ + ¼

2 ;¼]) =
1¢X [0;¸ [ + 1

2cos¸ ¢(coş + cos° ) ¢X [¸; ¸ + ¼
2 ] + 0¢X ]¸ + ¼

2 ;¼] An analogouscalculation givesus
P(p¡ u j pv ) = 0 ¢X [0;¸ [ + 1

2cos¸ ¢(coş ¡ cos° ) ¢X [¸; ¸ + ¼
2 ] + 1 ¢X ]¸ + ¼

2 ;¼]. So we have :

P¸ (pu j pv ) = 1 ¢X [0;¸ [ +
1

2coş
¢(coş + cos° ) ¢X [¸; ¸ + ¼

2 ] (1)

P(p¡ u j pv ) =
1

2coş
¢(coş ¡ cos° ) ¢X [¸; ¸ + ¼

2 ] + 1 ¢X ]¸ + ¼
2 ;¼] (2)

Let us verify whether the classicalcase(² = 0, hence¸ = ¼
2 ), and the quantum case

(² = 1, hence¸ = 0) arrive as limits of the generalcase.

3.1. The classical limit (² ! 0, and ¸ ! ¼
2 ):

a) The state p belongsto the Northern hemisphere(° belongsto the interval [0; ¼
2 [).

Then if ² ! 0, or equivalently ¸ ! ¼
2 , there is a moment that ¸ is bigger than ° , then we

have P° (pu j pv ) = 1 and P° (p¡ u j pv ) = 0. The points v of the Northern hemisphereall
arrive at u.

b) The state p belongsto the Southern hemisphere(° belongsto the interval ] ¼
2 ; ¼]).

Then if ² ! 0, or equivalently ¸ ! ¼
2 , there is a moment that ¸ is smaller than ° , then we

have P¸ (pu j pv ) = 0 and P¸ (p¡ u j pv ) = 1. The points v of the Southern hemisphereall
arrive at ¡ u.

c) The state p belongsto the equator (° = ¼
2 ). Then P¸ (pu j pv ) = 1

2cos¸ ¢(coş ) = 1/2,
and P¸ (p¡ u jpv ) = 1

2cos¸ ¢(coş ) = 1=2. The points of the equator have probabilit y 1/2 to
arrive at u, and probabilit y 1/2 to arrive at ¡ u. This corresponds to the classicalunstable
equilibrium situation, a classicalindeterminism.

3.2 The quantum limit (² ! 1, and ¸ ! 0) :
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Then P¸ (pu j pv ) = 1=2(1+ cos° ) = cos2( °
2 ) and P¸ (p¡ u j pv ) = 1=2(1¡ cos° ) = sin 2( °

2 ).

3.3 An intermediate case, ² = 1=2, and ¸ = ¼
3 .

Let us calculate explicitly the probabilities for this case(see¯g 4) :

a) For ° smaller than ¼
3 : Then P¸ (pu j pv ) = 1, and P¸ (p¡ u j pv ) = 0. This is a zone,of

the form of a spherical sector, with eigen-statesof the experiment e, with eigen-outcome
o1. All the states pv of this zonewill arrive in pu .

b) For ° bigger than 2¼
3 : Then P¸ (Pu j pv ) = 0, and P¸ (p¡ u j pv ) = 1. This is a zone,of

the form of a spherical sector, with eigen-statesof the experiment e, with eigen-outcome
o2. All the states of this zonewill arrive in ¡ u.

c) For ° between ¼
3 and 2¼

3 : All the states in this region are superposition states. Let us
calculate someprobabilities :
° = ¼

3 , then P¸ (pu j pv ) = 1, and P¸ (p¡ u j pv ) = 0.
° = ¼

2 , then P¸ (pu j pv ) = 1=2, and P¸ (p¡ u j pv ) = 1=2.
° = 2¼

3 , then P¸ (pu j pv ) = 0, and P¸ (p¡ u j pv ) = 1.

This shows that the earlier quantum-region is now concentrated here, in the zonewhere °
is between ¼

3 and 2¼
3 .

This exampleshows very well the e®ect of the ° uctuations on the experimental situa-
tions. We have to ask ourselvesnow whether it would be possibleto perform experiments
to be able to verify whether thesemodels correspond in one way or another to the phys-
ical reality. We should look for experiments in the ¯eld of mesoscopicphysics. Can an
²-elastic model describe the spin 1/2 behavior of a huge spin 1/2 molecule? If this would
be the case,then our theory about the classī cation with decreasing° uctuations in the
experimental situations would be able to clarify the mystery of the micro-world going over
in the macro-world. In the next sectionwe explain a localization model constructed in the
sameway.

4. A lo calization pro cedure.
The ²-example in two dimensions,as it has beenpresented in the foregoingchapters,

�

(x)

x

This region has surface � .

� �

step 1, cutting of the � -surface.

x
step 2, putting the cutoff piece on the x-axis.

x

fig 3 : step 3, renormalizing by dividing by � .

p(x)

gives us a clear insight the classical limit process.
Becauseof the limiting number of dimensions, it
is not clear what this processbecomesfor an arbi-
trary quantum mechanical entit y, of which the state
is described by a wave function Ã(x) element of
L 2(< 3). We have studied the procedure in the n-
dimensional situation, and consideredthe limit for
n ! 1 , which brings us in the situation of a general
quantum-entit y, and a marvelous simple procedure
results. For those who want to read the details of
the construction, we refer to (Aerts, Durt, Van Bo-
gaert 1993), we only present the result here. We
investigate the situation where we have an experi-
ment e that is represented by a self-adjoint operator
Ae, and the spectrum of this self adjoint operator is
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a subsetof the set < of real numbers. The state p of the entit y S is now represented by a
complex function Ã(x) element of L 2(< 3). We write the wave-function Ã(x) = ½(x)eiS (x ) ,
where½(x) is a positive function, and then we know that Á(x) = ½2(x) represents the prob-
abilit y amplitude of the wave function Ã(x). We have an ² given, and ¯nd the following
procedure. We cut, by meansof a constant function Á­ , a pieceof the function Á(x), such
that the surfacecontained in the cuto® pieceequals² (seestep 1 of ¯g 3). We move this
pieceof function to the x-axis (seestep 2 of ¯g 3). And then we renormalize by dividing
by ² (seestep 3 of ¯g 3), and this givesus a function Á² (x). We dē ne a new wave-function
Ã² (x) =

p
Á² (x)eiS (x ) . If we proceedin this way for smaller values of ², we shall ¯ nally

arrive at a delta-function for the classical limit ² ! 0, and the delta-function is located
in the original maximum of the quantum probabilit y distribution. For ² = 1 we ¯nd the
original wave-function Ã(x).

Many aspects of the relation between quantum mechanics and classical mechanics
can be investigated using this classical limit procedure. We only want to mention one,
the problem of non-locality. Let us investigate what becomesof the non-local behavior of
quantum entities taking into account the classicallimit procedurethat we proposein this
paper. Supposethat we considera double slit experiment, then the state p of a quantum
entit y having passedthe slits can be represented by a probabilit y function p(x) of the
form represented in ¯g 4. We can seethat the non-locality presented by this probabilit y
function gradually disappears when ² becomessmaller, and in the casewhere p(x) has
only one maximum ¯nally disappears completely. When there are no ° uctuations on the
measuringapparatus usedto detect the particle, it shall be detected with certainty in

	

(x)

x


 �

fig 4 : the classical limit procedure in the
situation of a non-local quantum state.

x

x

one of the slits, and always in the sameone. If p(x)
has two maxima (one behind slit 1, and the other be-
hind slit 2) that are equal, the non-locality doesnot
disappear. Indeed, in this casethe limit-function is
the sum of two delta-functions (one behind slit 1 and
one behind slit 2). So in this casethe non-locality
remains present even in the classical limit. If our
procedurefor the classicallimit is a correct one, also
macroscopical classical entities can be in non-local
states. How does it come that we don't ¯nd any
sign of this non-locality in the classical macroscop-
ical world? This is due to the fact that the set of
states, representing a situation where the probabilit y
function has more than one maximum, has measure

zero, compared to the set of all possiblestates, and moreover these state are 'unstable'.
The slightest perturbation will destroy the symmetry of the di®erent maxima, and hence
shall give rise to onepoint of localization in the classicallimit. Also classicalmacroscopical
reality is non-local, but the local model that we useto describe it givesthe samestatistical
results, and hencecannot be distinguished from the non-local model.

We also want to remark that all the interference phenomenaremain while taking
the classical limit, since the phase factor exp(iS (x)) of the wave function Ã(x) is not
changed. But the places where these interference e®ectscan be detected are restrained
more and more if ² ! 0, till they ¯nally are only located in the original maximum of the
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amplitude. We could say that the quantum interferencephenomenalocalize as well, when
the ° uctuations decreasewith a decreasing².

5. Conclusion.

The approach that we present here, although it still has to be developed in many as-
pects,providesan answer to the questionthat wehavepointed out in the intro duction. The
existenceof ° uctuations of internal variables of the experimental apparatuses,their mag-
nitude labeled by a parameter ², givesrise to quantum-lik e structures in all the categories
that we have pointed out. It generatesnon-Boolean lattices of properties (not explicitly
shown in this paper, but we refer to Aert, Coecke, Durt, Van Bogaert 1992for a detailed
presentation of the exampleand its lattice of properties), it generatesnon-Kolmogorovian
probabilit y models(seeAerts 1986),and it alsogivesrise to non-commutativ e structures of
observables(a detailed exposition in this category is prepared). As we mentioned already,
these° uctuations on the experimental apparatusescanbe interpreted as'hidden-variables',
but then they are highly contextual, sinceeach experiment brings about a di®erent set of
hidden-variables. So they are not 'hidden variables' of a 'classicalhidden variable theory',
becausethey do not deliver an 'additional deeper' description of the reality of the physical
entit y. Their presence,as variables of the experimental apparatuses,has a well dē ned
philosophical meaning, and expressesthat we, human beings, want to construct a model
of reality, independent of the fact that we experiencethis reality. The reasonis that we
look for 'properties' or 'relations of properties', and they are dē ned by our abilit y to make
predictions independent of experience. We want to model the structure of the world, inde-
pendent of us observing and experimenting with this world. Sincewe don't control these
variables in the experimental apparatuses,we shall not allow them in our model of reality,
and the probabilit y intro ducedby them cannot be eliminated from a predictive theoretical
model. In the macroscopicalworld, becauseof the availabilit y of many experiments with
neglecting ° uctuations, we ¯nd an 'almost' deterministic model. Indeed remember that in
the classicallimit, the classicaltype of indeterminism, that we all know very well to exist,
remains. In other regions of reality, where these kind of experiments are not available,
the model shall be non-classically indeterministic. The pre-material world is such a re-
gion. The explicit classicallimit for an arbitrary quantum entit y in our approach explains
why non-local states, and also quantum-in terferencebecomeun-detectable in the classical
world. Philosophically speaking however non-locality, and quantum-in terference, do not
disappear, and are a fundamental property of nature (see in relation with this question
also Aerts, Reignier 1991). From this follows that we have to belief that our model of
space,as the theater in which all entities are present and move around, should be consid-
eredpartly asa human construction, due to our human experiencewith the macroscopical
material entities. Spaceis the structure that can contain all entities that we know by
meansof properties for which we have measurements with neglecting ° uctuations at our
disposal. Entities that do not allow us to characterize them only by meansof neglecting-
° uctuations-measurements cannot be ¯ tted into space.They have no place, and can only
be detected,which meansthat we have forced them in a state, wherewe can measuretheir
position with a neglecting-° uctuation-measurement. This ¯ nding shall force us to review
completely the concept of spaceand its relation with reality.
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