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Abstract
This article may be seen as a summary and a final discussion of the work that the 
author has done in recent years on the foundation of quantum theory. It is shown 
that quantum mechanics as a model follows under certain specific conditions from 
a quite different, much simpler model. This model is connected to the mind of an 
observer, or to the joint minds of a group of communicating observers. The model 
is based upon conceptual variables, and an important aspect is that an observer (a 
group of observers) must decide on which variable to measure. The model is then 
linked more generally to a theory of decisions. The results are discussed from sev-
eral angles.

Keywords  Accessible variables · Conceptual variables · Decisions · Maximal 
accessible conceptual variables · Models · Reproducing quantum mechanics · 
Simple model

1  Introduction

Through a book [1] and two recent articles [2, 3], this author has developed a dif-
ferent approach towards quantum mechanics. Instead of taking the abstract Hil-
bert space apparatus as a point of departure, I start with what is called conceptual 
variables and some simple ideas connected to these. This, together with a general 
epistemic interpretation, gives a completely new view on the foundation of quan-
tum theory. This new foundation can be communicated to outsiders, and not least, it 
may in some sense be seen to solve the serious problem of ‘understanding’ quantum 
mechanics. Thus these are really quite radical ideas.

As an author, I have not yet received any comments, neither negative nor posi-
tive on this book and the articles. The articles have been published in recognized 
theoretical physical journals, so at least from this point of view, there must be some-
thing to the ideas expressed there. How can then the lack of reactions be explained? 
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Admittedly, the papers require a new way of thinking, and a new conceptual frame-
work to learn. I choose to rely on something that Carlo Rovelly recently said in a 
video interview: The difficult thing about learning new things, is to dislearn what 
you already have learned.

Therefore it will be tried here to explain the essence of the ideas as simply and 
precisely as possible, basing the whole thing on conceptual variables and the asso-
ciated decisions that we may make. It is all first formulated in terms of a simple 
measurement model. The derivation of quantum mechanics from this model under 
a certain condition is given explicitly, and some consequences of the theory are 
discussed.

Then an important observation is made: The mathematical theory used in the 
above derivation, is also valid when measurement variables are replaced by decision 
variables. Thus a quantum theory of decisions also follows from this development.

The plan of the article is: In Sect. 2 the basic concepts are explained, and some 
literature on quantum decisions is briefly mentioned. Then Sect. 3 contains the main 
model of this article. The model is described and discussed. In Sect. 4 it is shown, 
partly using earlier work of the author, that quantum mechanics under certain condi-
tions is implied by the model. This is considered to be an important result. So-called 
paradoxes are addressed in Sects. 5, and 6 gives two important cases where this deri-
vation of quantum axioms can be illustrated. Macroscopic decisions are discussed in 
Sect. 7, while Sect. 8 gives the final discussion.

2 � Decisions, Conceptual Variables, and Some Corresponding 
Literature

Of course, the phenomenon of decisions is crucial to all of us. We go through life 
making decision after decision. Some of our decisions are automatic. Many of the 
decisions may partly be caused by our upbringing, our past experiences, people that 
we have met, or people that we look up to; it might be that some of these people 
have made similar decisions before. Our decisions may also depend in general on 
the context that we are in, say the social context. But still there will be something 
important left. In this article, a single actor B in some context is first considered, and 
it is assumed that his decisions partly depend on the variables that he has in his mind 
at the moment when he makes these decisions.

These variables will be seen as primitive elements, and they will be called con-
ceptual variables. In a physical context, a conceptual variable � is any variable that 
can be used in the modelling of some system.

In [1] and [2] such variables were used as important elements in a derivation of 
essential parts of quantum mechanics, using technical assumptions related to sym-
metry, more concretely, group actions and group representations. The decision 
involved may simply be the choice of what to measure. The relevant decisions may 
be made by an actor B, or by a group of communicating actors.

But the theory of decisions addressed in this article is more general. As such, it is 
discussed in more detail in [1], and some of this is recapitulated below.
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In the process of making decisions, we will in general be far from perfect. So 
also the actor B. In [3] the following is shown, using arguments connected to one of 
Bell’s inequalities: Any actor may be limited when making a decision, and this limi-
tation may be due to the fact that he is not, while making the decision, able to keep 
enough variables in his mind.

Also, when making decisions, B may need to observe his environment, and try to 
interpret these observations. Then all this is consistent with the Convivial Solipsism 
proposed by Zwirn [4]: Every description of the world must be related to the mind 
of some actor. But other people also have their minds, and different people can com-
municate. In a quantum mechanic setting we need observations and variables con-
nected to these observations. That is a measurement theory. This will be explicitly 
discussed below.

Before making decisions, it may be important to acquire as much knowledge as 
possible. The process of acquiring knowledge—an epistemic process—is the basis 
for the book [1].

Alternative to a single actor making decisions, we can look at joint decisions 
made by a communicating group of people. The same theory can be used, with the 
following limitation: All variables must, to enable communication, be possible to 
define in terms of words.

Note that in any case, the process of making decisions will be assumed to be 
intimately connected to the conceptual variables that the actor or actors have in their 
minds at the moment of decision.

A conceptual variable can be a scalar or a vector, and also more general.
The purpose of this article is to describe in simple terms a model for the pro-

cess of making decisions, and from this a rather elementary quantum-like model, a 
model which can be described without any advanced mathematics. The point is now 
that this model can be seen as extending ordinary quantum mechanics, in the sense 
that the ordinary quantum model can be derived under the model by making some 
additional assumptions [1, 2].

There is a large literature on quantum decisions, and it is all related to what I will 
say below. I see no reason for going into details here. A pioneering article was the 
one by Yukalov and Sornette [5], a couple of authors who have since written many 
articles on the subject. The area is surveyed and tied to the literature on quantum 
models of cognition in [6]. The latter literature is reviewed recently in [7]. Weak 
points of the models and open questions are also discussed in these articles.

This literature can be seen as a background and motivation for my development, 
but it is in no way assumed in formulating the model below.

3 � A Simple Measurement or Decision Model

In a physical context, the variable � can be any physical variable like time, space 
variable, momentum or spin component. A crucial assumption is that � , in addi-
tion to its physical existence, before, during and after measurement also exists in the 
mind of an actor B, or in the joint minds of some communicating actors. The vari-
able � may be assumed to vary over some space Ω�.
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A completely different situation, also covered below, is that � is a decision vari-
able. Assume that B is to choose between the prospects {�k;k = 1, ..., r} (a larger 
set of prospects may also be considered). Define � = k as corresponding to the case 
where �k is chosen. A ‘measurement’ is then thought of as the process of realizing 
the decision.

In any case, a set of possible conceptual variables {�a;a ∈ A} , where A is some 
index set, may exist in the mind of the actor.

The only property that these variables are required to satisfy, is: If � is a con-
ceptual variable, and f is some function on Ω� , then � = f (�) is also a conceptual 
variable.

A conceptual variable is called accessible if it is possible to find some accurate 
value of � at some point of time. An example of a physically inaccessible variable 
may be the two-dimensional vector (position, momentum), another may be the full 
spin vector of a particle.

A partial ordering among the conceptual variables, and also among the accessible 
ones, may be defined: Say that the variable � is less than the variable � if � = f (�) for 
some non-invertible function f. I will assume that, if � is accessible and � is less than 
� , then � is accessible.

An essential part of the model is now: Assume that there in some given context 
exists an inaccessible variable � such that all accessible variables can be seen as 
functions of � . We can write � = f (�) , where f = f� , or simply � = �(�).

In a physical context, the variable � may be rather concrete, say a particle’s spin 
vector. The psychological case is a little bit more complicated.

In this case one may assume that � is contained in the subconsciousness of B. 
The actor B himself will not be able to know � consciously, but a friend of B, know-
ing some psychology, may guess parts of �.

Using a religious language, one may say that � is known by God. It must be 
stressed, however, that what will be said in this article, does not in any way depend 
on religion. (Although concrete ideas on religion [8] definitely have inspired the 
writings of this author.)

Assuming the existence of such a � may in general be seen as a simplification. 
But it is a useful simplification, and it determines the model.

The first thing that then will be done, is to introduce the important notion of 
maximal accessible conceptual variables. In the partial ordering defined above, all 
accessible conceptual variables are dominated by � . Therefore maximal such vari-
ables exist by assuming Zorn’s lemma. In a simple physical setting, it follows from 
Heisenberg’s inequality that variables like position, momentum—and spin compo-
nents—are maximal.

Then it will be defined what is meant by related maximal variables, say � and 
� . These are said to be related if there exists a transformation k in Ω� such that 
�(�) = �(k�) . If no such � and k may be found, � and � are said to be essentially 
different.

This is all there is to the model. Note that the model may be associated with a 
concrete context, physically or otherwise.

A decision variable will be inaccessible if it is impossible for the actor to make 
the corresponding decision. The model again assumes a large inaccessible variable 
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� such that all accesible ones are functions of � . From this, also related maximal 
accessible variables may be defined.

In general, a symmetry version of the model may be defined by assuming that 
group actions, transitive and with a trivial isotropy group are defined on the maximal 
accessible conceptual variables, and that this group induces an invariant measure.

For a variable taking a finite number of values, we can use the cyclic group.
In Sect. 10 of [3] a general theory of a mind’s limitation is described. This theory 

is particularly relevant during the process of making decisions. Theorem  2 in [3] 
says the following: Assume that the individual B has two related maximal accessible 
variables � and � in his mind. Assume that the transformation k of Ω� belongs to a 
class K which has a certain property relative to the function �(⋅) (permissibility; see 
below). In this situation B can not have in mind any other maximal accessible vari-
able which is related to � , but essentially different from � . This result is shown in [3] 
to be a consequence of what is called Theorems 1 and 2 in the next section.

4 � Derivation of Quantum Mechanics

Assume now, in a concrete context, a symmetry version of the model above. The 
model relies on maximal conceptual variables connected to an observer or to a group 
of communicating observers. The maximality notion implies that the observer(s) 
only can measure one of these variables. He/ they has/ have to make a choice, a deci-
sion. Thus, the model is tied to decisions. An important mathematical result is that 
essential elements of the quantum formalism follow if the observer(s) in his/ their 
mind has/ have two related maximal accessible variables, and some specific further 
symmetry conditions are imposed. This is the content of Theorems 1 and 2 below.

But after this, the link to decisions is strengthened. The conceptual variables 
in Theorem 1, originally thought of as physical, measurable variables, can also be 
replaced by decision variables. The same mathematical theory works in the two 
cases. Thus, a quantum theory of decisions is also implied by these mathematical 
results.

In the following, I will use 3 Sections to discuss the mathematical theory that 
leads to quantum mechanics from the perspective of the simple model; then I will 
return to decisions in Sect. 7.

In [2] this theorem is proved:

Theorem 1  Let � and � be two related maximal accessible conceptual variables, and 
let G be the group acting on � . Make the following assumption:

There exists a unitary irreducible representation U(⋅) of G such that the coher-
ent states U(g)��0⟩ are in one-to-one correspondence with the values of g ∈ G and 
hence with the values of �.

Then there exists a Hilbert space H connected to the situation, and to every 
accessible conceptual variable there can be associated a symmetric operator on H.



	 Foundations of Physics (2023) 53:12

1 3

12  Page 6 of 13

A symmetric operator A is one for which ⟨�,A�⟩ = ⟨A�, �⟩ for all ��⟩ , ��⟩ in the 
domain of A. There is a close connection between the property of being symmetric 
and the property of being self-adjoint [9].

4.1 � Important Note

In the setting behind this theorem, one must explicitly single out the trivial case 
where � = (�, �) , and k just exchanges these two values. If this is allowed, all maxi-
mal variables will be related.

In Theorem 1, � and � can be any variables. In this Section it is important that 
they are physical variables. But they can also be decision variables, which gives a 
new version of the theory.

It is essential that the two variables are related. The important content of Theo-
rem  1 is not that the Hilbert space exists, but that every conceptual variable has 
an operator associated with it. In [1], these operators are first constructed for the 
maximal variables, for other variables the construction uses the spectral theorem for 
these operators.

The task now is to derive the rest of quantum mechanics. Then we first need a 
new definition.

Definition 1  The function �(⋅) on the space Ω� upon which a group K of transfor-
mations K is defined is said to be permissible if the following holds: �(�1) = �(�2) 
implies �(k�1) = �(k�2) for all k ∈ K.

This notion is studied thoroughly in [10]. The main conclusion is that if �(⋅) is 
permissible, then there is a group G acting on the image space Ω� such that g(�(�)) 
is defined as �(k�) ; k ∈ K . The mapping from K to G is an homomorphism. If K is 
transitive on Ω� , then G is transitive on Ω� . (Lemma 4.3 in [1].)

A first possible application of the concept of permissibility, is the following: 
Can the simple model of Sect. 3 really reproduce quantization? This can perhaps be 
approached by taking a group K acting on Ω� as a point of departure. One can ask 
whether the mechanism of model reduction can lead to quantization. Specifically, 
if �(⋅) is not permissible, it may happen that a reduced version of � is permissible, 
and that this reduced version is discrete. This issue was briefly discussed in [1], but 
requires much further investigation.

The following important result is Theorem A1 in [3]:

Theorem 2  Assume that the function �(⋅) is permissible with respect to a group K 
acting on Ω� . Assume that K is transitive and has a trivial isotropy group. Let T(⋅) 
be a unitary representation of K such that the coherent states T(k)��0⟩ are in one-
to-one correspondence with k. For any transformation t ∈ K and any such unitary 
representation T of K, the operator T(t)†A�T(t) is the operator corresponding to �′ 
defined by ��(�) = �(t�).
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By using this result in the same way as Theorem 4.2 is used in [1], a rich theory 
follows. The results will first be limited to the case where � is a discrete conceptual 
variable. Then one can show: 

(1)	 The eigenvalues of A� coincide with the values of �.
(2)	 The accessible variable � is maximal if and only if the eigenvalues of A� are 

non-degenerate.
(3)	 For the maximal case the following holds in a given context: a) For a fixed � each 

question ‘What is the value of � ?’ together with a sharp answer ‘ � = u ’ can be 
associated with a normalized eigenvector of the corresponding A� . b) If there in 
the context is a set {�a;a ∈ A} of maximal accessible conceptual variables (these 
must by Theorem 1 be related to each other) one can consider all ket vectors that 
are normalized eigenvectors of some operator A�a . Then each of these may be 
associated with a unique question-and-answer as above.

(4)	 For any accessible variable � , the eigenspaces of the corresponding operator can 
be associated with a question-and answer set as above. The eigenvalues are the 
possible values of �.

The pure states corresponding to a question-and-answer are abundant and easy to 
interpret. For instance in the spin component case, it can be proved [1] that these 
constitute all possible pure states. To characterize in general situations where this 
is the case, is an open problem, a problem that was presented to the quantum com-
munity in [11]. So far, no comments on this important problem have been received.

The mixed states are as usual formed from probability distributions over pure 
states.

What is left now to construct the full text book version of quantum mechanics, is 
to derive the Born formula and the Schrödinger equation from certain assumptions. 
For this, the reader is referred to Chapter 5 in [1].

By considering continuous variables as limits of discrete states, a general theory 
can be constructed also for these variables; see Sect.  5.3 in [1]. Note that Theo-
rems 1 and 2 above also are valid for these variables.

5 � Linear Combination of States, an Entangled State and So‑Called 
Paradoxes

I will here give some discussions related to the derivation of the quantum formula-
tion from Theorems 1 and 2.

A general ket vector �v⟩ ∈ H is always an eigenvector of some operator associ-
ated with a conceptual variable. It is natural to conjecture that this operator at least 
in some cases can be selected in such a way that the accessible variable is maximal. 
Then �v⟩ is in a natural way associated with a question-and-answer pair. It is of inter-
est that Höhn and Wever [12] recently derived quantum theory for sets of qubits 
from such question-and-answer pairs; compare also the present derivation. Note that 
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the interpretation implied by such derivations is relevant for both the preparation 
phase and the after-measurement phase of a physical system.

One may also consider linear combinations of ket vectors from this point of view. 
Let the maximal accessible variable �b admits values ub

i
 that are single eigenvalues 

of the operator Ab , uniquely determined from �b . Let �b;i⟩ be the eigenvector associ-
ated with this eigenvalue. Then one can write

This state can be interpreted in terms of the question ‘What is the value of �b ?’ with 
the sharp answer ‘ �b = ub

i
 ’. But if one tries to ask questions about �a for a system 

where the observer or the set of observers is in this state, the answer is simply ‘I 
(we) do not know’.

Also, entangled states may be considered from this point of view. Consider two 
qubits 1 and 2, each having possible spin values in some fixed direction given by +1 
and -1, and look at the entangled state

As discussed in [1] and references given there, this is an eigenvector of the opera-
tor for the conceptual variable � = �x�x + �y�y + �z�z corresponding to the eigen-
value -3. Here � = (�x, �y, �z) and � = (�x, �y, �z) are the total spin vectors of the two 
qubits, and � is accessible to an observer observing both qubits. Note that � = −3 
implies �x�x = �y�y = �z�z = −1 , which again implies that �a = −�a for any direc-
tion a. It is trivial that this state can be interpreted in terms of the question ‘What 
is � ?’ together with the sharp answer ‘ � = −3 ’. (The other possible value for � is 
-1, which corresponds to a three-dimensional eigenspace for the operator.) It is also 
interesting that the observer observing both qubits may be any person with a large 
enough Hilbert space associated with his mind. This person may make any decision 
that involves his own accessible variables, but in doing so, he has the limitations 
discussed in [3].

From a general point of view it may be considered of some value to have an epis-
temic interpretation which is not necessarily tied to a strict Bayesian view (see for 
instance [13] on this). Under an epistemic interpretation, one may also discuss vari-
ous “quantum paradoxes” like Schrödinger’s cat, Wigner’s friend and the two-slit 
experiment.

In Examples  1 and 2 below I limit myself to pure  quantum states that can be 
interpreted in terms of question-and-answers for maximally accessible variables. In 
the contexts discussed, this gives an understanding where the relevant observers are 
not able to distinguish between superposition and mixture. This limitation may be 
said to imply a concrete new variant of quantum mechanics, a variant relative to 
which socalled paradoxes may be explained.

(1)�b;i⟩ =
�
�

j

�a;j⟩⟨a;j�
�
�b;i⟩ =

�

j

⟨a;j�b;i⟩�a;j⟩.

(2)�𝜓⟩ = 1√
2
(�1+⟩⊗ �2−⟩ − �1−⟩⊗ �2+⟩).
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Example 1  Schrödinger’s cat. The discussion of this example concerns the state of 
the cat just before the sealed box is opened. Is it half dead and half alive?

To an observer outside the box the answer is simply: “I do not know”. Any acces-
sible e-variable connected to this observer does not contain any information about 
the status of life of the cat. But on the other hand—an imagined observer inside 
the box, wearing a gas mask, will of course know the answer. The interpretation of 
quantum mechanics is epistemic, not ontological, and it is connected to the observer. 
Both observers agree on the death status of the cat once the box is opened.

Example 2  Wigner’s friend. Was the state of the system only determined when 
Wigner learned the result of the experiment, or was it determined at some previous 
point?

My answer to this is that at each point in time a quantum state is connected to 
Wigner’s friend as an observer and another to Wigner, depending on the knowledge 
that they have at that time. The superposition given by formal quantum mechan-
ics corresponds to a ‘do not know’ epistemic state. The states of the two observers 
agree once Wigner learns the result of the experiment.

Example 3  The two-slit experiment. This is an experiment where all real and imag-
ined observers communicate at each point of time, so there is always an objective 
state.

Look first at the situation when we do not know which slit the particle goes 
through. This is a ‘do not know’ situation. Any statement to the effect that the par-
ticles somehow pass through both slits is meaningless. The interference pattern can 
be explained by the fact that the particles are (nearly) in an eigenstate in the compo-
nent of momentum in the direction perpendicular to the slits in the plane of the slits. 
And by de Broglie’s theory, momentum is connected to a wave. On the other hand, 
if an observer finds out which slit the particles go through, the state changes into an 
eigenstate for the position in that direction. In either case the state is an epistemic 
state for each of the communicating observers, which might indicate that it in some 
sense can be seen as an ontological state. From one point of view this can perhaps 
be seen as a state of the screen and/or the device to observe the particle, not as an 
ontological state of the particle itself. The state of the ‘particle’, specifically if it can 
be seen as a wave or as a genuine particle, depends on the choice of measurement 
made by the observer(s).

6 � Two Special Cases

The purpose of this Section is to make my general approach to quantum mechanics 
concrete in two well known cases.
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(a)	 Consider the spin of a spin 1/2 particle, and let �a be the spin component in 
direction a. Then the group G consists just of holding fixed or switching the two 
possible values −1 and +1 . To construct the Hilbert space and the relevant opera-
tors, we need according to Theorem 1 spin components in two directions a and b. 
Let � be the unit vector pointing in a certain direction in the plane that is spanned 
by the vectors a and b. Let then K be the rotation in this plane, and let �a be the 
sign of the component of � in the a-direction. Then according to Proposition 
2 in [2], �a(⋅) is permissible. To satisfy the reqirements of Theorem 1, we also 
need to construct a suitable representation of the group G. This group contains 
two elements, the unit e and the group element g switching the values −1 and +1 . 
The Hilbert space corresponding to �a is just the space spanned by the vectors 
(0, 1)� and (1, 0)� , and for ��a⟩ being one of these vectors, we define the coherent 
states

This gives two coherent states. If then ��a⟩ is a linear combination of (0, 1)� and 
(1, 0)� , let U(g)��a⟩ be the corresponding linear combination of the two coherent 
states above. From this, U(g) can be found as a 2x2 unitary matrix. U(e) is just 
the unity. It should be clear then, that by choosing some initial state ��a

0
⟩ , the 

states U(h)��a
0
⟩;h ∈ G are in one-to-one correspondence with h ∈ G.

A further discussion of this example is given in [2].

(b)	 Look at a single particle at some fixed time t. Let � be its position and � its 
momentum. In [1], Sect. 5.3, this example is considered as a limit of a discrete 
case, and the operators in a well-known Hilbert space are constructed. One pos-
sibility for the group K is to take the Heisenberg-Weyl group [14]. According to 
[14], an element x of the corresponding algebra can be written

where e1, e2 and e3 are operators satisfying the commutation relations

and x1, x2 and s are real numbers. Specifically, e1 is the operator associated with 
i(ℏ)−1∕2� , e2 is the operator associated with i(ℏ)−1∕2� , and we can define the 
scalars x1 = −ℏ1∕2� and x2 = ℏ1∕2� . We can then let � be x, and let the corre-
sponding group element to be

Then � will be a permissible function of � , and the group element in the �-
space can be taken to be

(3)U(g)��a⟩ = e−i�
a �g�a⟩.

(4)x = x1e1 + x2e2 + se3,

(5)[e1, e2] = e3, [e1, e3] = [e2, e3] = 0,

(6)k = exp(−(ℏ)−1∕2x) = exp(−(ℏ)−1∕2se3)exp(�e1 − �e2).

(7)g = exp(�e1).
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Furthermore, it is easy to see that � and � are related. A change from e1 to −e2 
can be obtained by a rotation in the subspace spanned by e1 and e2.

The standard textbook treatment of this example follows.

7 � Macroscopic Decisions

The previous 3 Sections required some more mathematics, and a reference to several 
recent or previous works. By contrast, the model of Sect. 3 was relatively simple. 
And, importantly, the model is relevant both for microscopic and macroscopic situ-
ations. I will here discuss aspects of such model considerations in relation to deci-
sions, and give some philosophy around decisions in general.

As said in the introduction; we go through life making decision after decision. 
At least some of our decisions correspond to concrete choices made specifically by 
ourselves. These decisions are modelled in Sect. 3 by assuming that we, as actors, 
have certain conceptual variables in our minds, and that our decisions are related to 
these variables, either by taking the variables as decision variables, or, in relation to 
measurements, choosing which maximal variable to measure.

Decisions may be made by a single person, or by a group of communicating peo-
ple. In the last case the people in the group must exchange information, and informa-
tion is exchanged by using words.

Let us go back to the model of Sect. 3 in connection to the decisions made by a 
group of people. It is no problem to assume that the group has common conceptual 
variables �, �, �, ... . A greater problem is to establish the existence of a dominating 
variable � . In a physical context, � can correspond to a pair of variables which from 
physical reasons must be seen as maximally accessible, but often, Ω� will be greater 
than the set of these pairs. (The group K must be another than the group given by 
exchanging the variables; conf. the note given after Theorem  1 above.) Different 
maximal variables are called, after Niels Bohr, complementary. In the last chapter 
of [1], I try to generalize the complementarity concept to other situations than the 
purely physical situations. This is useful, but it cannot give everything about com-
mon decisions.

At last, some words about political decisions, which is a large, important, but dif-
ficult field. Ideally such decisions should be preceded by as much knowledge as pos-
sible, and ideally again, this knowledge, to the extent that it is not already available, 
should be found by scientific investigations. In some cases this may be impractical, 
but on important issues, like the climate issue, it is imperative.

It is interesting that Niels Bohr’s concept of complementarity, deeply connected 
to physics, also can be seen to have applications in politics. In the language of this 
article, two conceptual variables are complementary if they are different and both 
maximally accessible. And conceptual variables can be anything.

A large problem is conflicts between nations and group of nations. Often these 
have a background in complementary world views, a problem discussed in [1]. My 
general opinion, which I share with many, is that these conflicts ought to be solved 
by negotiations, not by wars or by injustices made by the stronger part. In the light 
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of complementarity or near complementarity, this may often be extremely difficult, 
but at least it demands good political leaders that are capable of taking into account 
different cultures.

8 � Discussion

First some brief words about cultures in science. Scientific investigations are made 
by single researchers or by groups of researchers, who are not always perfect in their 
decisions. It is also a problem that communication may be difficult in  situations 
which requires researchers from different disciplines. Then a common language may 
be helpful. One of the goals of the present investigation has been to develop such a 
language in the case where one of the disciplines is related to quantum theory.

The interpretation of quantum mechanics that is implied by the discussion here, 
is a general epistemic one, where QBism [13] is just a special case, see arguments 
in [1]. Even so, ontological aspects can be discussed under this umbrella; see [15].

The arguments of this article have been a mixture of mathematics, physics and 
psychology. Many scientists, also important ones, have said that they did not quite 
understand quantum mechanics. In my opinion, to really attempt a serious under-
standing, we need such a mixture of arguments.

Albert Einstein [16] claimed that quantum mechanics was not a complete theory. 
I prefer to use the word ‘model’ instead of ‘theory’ for quantum mechanics as such. 
Together with one of its many interpretations it then constitutes a theory. In all my 
writings I have advocated a general epistemic interpretation of quantum mechanics.

As I see it, the simple model of Sect.  3, the symmetry version, constitutes an 
extension of quantum mechanics as a model. The arguments for this are presented 
in Sect. 4.

Another extension in a completely different direction, was recently proposed in 
connection to quantum field theory by Sanctuary [17]. It is possible that the final 
model should be found using such extensions.

Quantum field theory depends on abstract groups; in my opinion, more focus on 
group actions on concrete variables must be desirable.

It is important to require that the final theory should be reconcilable with gen-
eral relativity theory. Using the present approach, this can in principle be formulated 
in simple terms: The purpose of relativity theory has been to find scientific laws 
that are the same for all observers, whether they move uniformly or in accelerated 
motions with respect to each other. In my opinion, the goal of the reconciled theory 
should be the same, only that the term ‘observer’ should be understood in the mean-
ing of the actor or person described in Sect. 3 above. Some ideas in that direction are 
under preparation [18].
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