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 Progress in physics can be seen as the attempt to discover 
increasingly more general laws to successfully describe and predict 
fundamental aspects of reality. Physics seeks first principles operating behind 
observable phenomena.  
 

Over its course, physics produced theories which account for the 
behaviour of the Universe both on the very large and the very small scales, 
from cosmic dynamics down to the behaviour of the smallest constituents of 
matter, the elementary particles. The ultimate goal of physics is to obtain a 
theory that is so general to account for all that exists. If this is achieved, a 
single set of fundamental laws will provide explanation for all known 
elementary particles and interactions between them1.  

 
The question that this essay poses is whether it is conceivable to think 

that an exact knowledge of the laws that govern the behaviour of elementary 
particles is sufficient to describe all the levels of organised matter which 
originate from the interaction of the particles themselves. For instance, since 
all that exists - at least at a material level - is constituted by atoms, is it 
possible to maintain that an exact knowledge of atomic physics can lead to a 
description of all levels of higher complexity: molecules, polymers, cells, 
tissues, organs, bodies, minds, the human being, and, to take the hierarchy 
even further, the interaction between human beings, the production of 
language, society, politics and art? 

 
In other words, the question asked is whether ultimate reductionism is 

tenable, or whether higher levels of reality have an autonomy of their own and 
they cannot be completely specified by the physics of the lower levels.  

 
An assumption implied by the use of language in the previous 

paragraphs is that it is both possible and convenient to think of reality as a 
hierarchy of levels of growing complexity. Clearly, the distinctions between 
levels of reality - which incidentally correspond to the traditional fields of 
study: physics, chemistry, biology, medicine, neuroscience, sociology and so 
on – are somehow arbitrary. Reality is a whole in itself, and in a sense it is 
only for convenience of treatment that domains of investigations are 
introduced. At any rate, I wish to discourage any sceptical interpretation of this 
argument and state clearly that, despite that these domains may have 
arbitrary boundaries, nonetheless they have real observable content which is 
not simply a description of reality but has a definite ontological value.  An 
hydrogen atom, or a blood cell or a human liver really do exist as identifiable 
objects, although in principle we may choose to dissect reality in a different 
fashion and label other reference units.  

 
The two world views that are already shaping up in the background of 

this discussion are reductionism and complexity.  
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Reductionism is an old world view, which in a sense originates with the 

advent of modern science itself – it reflects the Enlightenment idea that the 
human brain has such a capacity of abstraction to be able to penetrate all 
levels of reality and reduce them to common unifying laws2.  

 
Complexity is a more recent take on reality which broadly draws on the 

cultural fruits of post-modernism, across the spectrum of human knowledge. 
Its leading statement is that there is no unique description of reality, rather, 
multiple descriptions coexist, none of which is ultimately true, but each of 
which captures some features according to the hierarchy level that that 
description chooses to home into3. In complexity it is not possible to reduce all 
reality to low-lying fundamental principles as in reductionism, but each level of 
the hierarchy is governed by autonomous laws, independent from the 
parameters of the lower levels. Higher levels of hierarchy are characterised by 
properties which emerge from the lower levels and establish themselves as 
qualitatively different.  

  
It should be noted that complexity does not deny the existence of 

fundamental principles, nor the worth of their pursuit, quite the contrary. 
Fundamental principles must exist to govern the lowest levels of the 
complexity hierarchy, but these are not sufficient alone to account for all that 
is observed at the higher levels.  

 
Before any further steps are made, a simple fact should be stated. At 

the moment, elementary physics laws are not capable and are not used to 
directly explain properties of systems any more complex than simple atoms 
and molecules, let alone a living organism. It is customary to introduce 
coarse-grained macro-variables which summarise the detailed effects of the 
micro-variables. As the length scale of the problem grows, the microscopic 
details are unimportant and a new language is introduced to treat the 
phenomenology of the more complex level. For example, elementary physics 
laws are not applied directly to explain the motion of a planet – for this task 
Newtonian mechanics is invoked, a theory suitable for treating dynamical 
problems on a scale much larger than the atomic scale4. 

 
The leading question of this essay decomposes into further sub-

questions  which are worth posing to clarify the field of enquiry. (1) What is the 
relation between the different levels of reality? (2) Is the incapacity of deriving 
high order properties from elementary laws simply due to lack of sufficient 
computing power or is it a matter of principle? (3) Is there a substantial 
difference, at some level, between inanimate matter and life matter, in terms 
of the capacity of physics to describe its nature? (4) Does reductionism imply 
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a deterministic view of the world? And does instead complexity imply one 
where freedom is possible?  

 
I shall use the above questions as a guideline to facilitate the 

construction of my argument.  To anticipate my conclusion, I believe that 
radical reductionism is not tenable. The core of my argument is that bottom-up 
causation – that is the physics of the lower levels determining the nature of 
the upper ones – is not the only mode of relation between levels of reality. 
Top-down causation also exists, whereby it is the properties of the higher 
levels to cause rearrangement of the less complex elementary constituents of 
matter. A further observation is that goals and scopes are built into physical 
and non-physical processes and these are introduced at high level of 
complexity and do not pertain to the realm of elementary particles5.  

 
 Questions (1) and (2) are intimately related. I take the view that 
elementary particles only provide a “landscape of possibilities” for reality6, and 
do not directly determine alone the properties of higher levels of complexity. 
These properties are self-determined within each level by the laws which 
pertain to that given level and by the scope and information that is externally 
introduced into that level.  
 
 To start, let us consider the case of a material physical system, a piece 
of metal for example. The low-level nature of the metal is to be constituted by 
atoms whose behaviour is governed by the laws of quantum mechanics. 
However, the equations of quantum mechanics, although valid for all the 
atoms of the system as a whole, are in practice not solvable exactly for more 
than a few atoms put together. If one wishes to use quantum mechanics 
directly to derive macroscopic properties of the system, such as its 
temperature, its entropy, or its electrical conductivity, one finds that it is 
necessary to introduce some approximation to handle the solution of the 
equations7. The 1028 atoms per cubic meter which constitute the metal have 
to be treated collectively, statistically, in order to derive its macroscopic 
properties. Now, what lies behind that “have” - necessity or convenience? 
  
 It is true that in principle one could arrive at the physical macroscopic 
variables such as temperature by solving the microscopic equations atom per 
atom, if one had sufficient computing power or mathematical tools at disposal. 
In practice however, it is simply not possible. So, in this sense, it is an issue of 
convenience, not necessity. I convene that the microscopic laws are 
supporting the architecture of the macroscopic phenomena by creating the 
conditions for them to exist, and that macro-variables are an average effect of 
detailed interactions of the micro-variables. However, and crucially, this does 
not imply that the macro level is fully determined to exist only in the way 
specified by the micro level. Out of all the possible outcomes supported by the 
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micro level, the final macro outcome that actually is observed is somehow 
“selected” via the introduction of external information.  
 
 The conceptual leap to make here is to abandon the idea of a closed 
system, a framework which is immediately and often unconsciously evoked in 
this type of discussion. It is true that the assumption of a closed system is 
often and correctly made by physics to gain some workable approximate 
results, however, here we are concerned with real systems, which by 
definition and in an absolute sense are always open, in that they can 
exchange matter, energy and information with their environment. In an open 
system an input of determination can - and often does - come from outside.  
 
 Take for example a feedback loop system designed to control the 
temperature of an object. A feedback loop is a canonical control arrangement 
where the system output is determined by a goal, in our example the desired 
temperature of the object. The loop measures the current temperature of the 
object and compares it to the desired one and either cools or warms the 
object to minimize the difference between real and desired temperature. This 
simple case illustrates that the final state of the system is determined by 
inputting outside information (the goal), not simply by the original atomic or 
electronic configuration of the system8.  To argue otherwise would require to 
hold that the atoms of the system itself and of the human operator have an 
intention of their own and they can interact in such a away to make that 
intention effective and produce the right temperature. But intention is a 
product of intelligence, and intelligence requires several billion neurons to 
exist9: quintessentially a higher level of reality.   
 
 To remain within the realm of fundamental physics, also quantum 
mechanics provides examples of system determination from the environment. 
This is the case of every quantum mechanical measurement10. Before a 
measurement is performed on a system with an apparatus, the system is said 
to be in a superposition of quantum states – that is the system is fluctuating 
between some possible outcome states each of which occurs with some finite 
probability. When the measurement is performed, the interaction between the 
apparatus and the system forces the system to 'collapse' into one of the 
possible sub-states that before the measurement were coexisting freely. This  
dramatically implies that even the fate of a single electron is not determined 
by itself but it is affected by the interaction with a higher order of reality: the 
apparatus and, more indirectly, the intention of the scientist in performing that 
measurement.  
 
 Another stimulating case to consider is that of adaptive evolution. 
According to the Darwinian theory, random variations in the genetic make-up 
of species produce individuals which are differentially fit for life in a given 

                                                 
8
George Ellis, as in footnote 6. 

9
William H. Calvin, “How brains think: the evolution of intelligence”, Phoenix 1998. 

10
Stephen Gasiorowicz, “Quantum Physics”, Wiley 1974. 



 6 

environment. The individuals who survive are those who match best the 
requirements of the environment. This seems to suggest that although the 
possible genetic make-ups are supplied by the rules of microscopic levels, the 
actual final winning configuration requires the higher order interaction with the 
outside world to come into being.  
 
 Perhaps the most dramatic realization of top-down causation is the 
case of human intention11. The design of a piece of furniture, the building of 
an airplane, the set up of a human rights campaigning group, an artist’s 
impressionist painting, are, in my view, examples for which it is an idea, a 
conceptual abstraction which takes the lead and causes some material 
configuration as an output. The intention of designing an armchair comes 
causally before the atomic arrangement which brings the armchair into being. 
The atoms of the armchair have not by themselves decided to produce such a 
coherent and purpose-full object. They have simply provided a “landscape of 
possibilities”, they supplied the conditions for the armchair to exist, but 
crucially, the input for its realisation has come from outside.  
 
 Human thought is perhaps at the highest level in the complexity 
hierarchy. Abstract ideas and planning, through the medium of language and 
communication, allow human beings to shape reality in ways which are 
supported by the laws of elementary physics but are independent of their 
direct determination. Top-down causation is the norm in the real world as 
much as bottom-up causation is. Bottom up causation provides a realm of 
physically possible outcomes, whilst top-down causation selects the 
appropriate outcome depending on finality and scope.       

 
If I am talking to a person and say something embarrassing to him or 

her and thereby causing him or her to blush, then certainly the blush is made 
possible by the atomic properties of flesh (bottom-up causation), but it is also 
caused by my words which are interpreted by my interlocutor’s brain in such a 
way to set up a neural state which in turns commands the increased flow of 
blood to the person’s cheeks (top-down causation). It seems uncontroversial 
to me that in order to answer the question: “why does my interlocutor blush?”  
there is not a unique answer which fully satisfies our expectations of truth. To 
say that he or she blushes only because of the flow properties of blood  to the  
cheeks would not be sufficient, as it would be equally insufficient to limit the 
cause to, say, my intention to offend. Top-down and bottom-up explanations 
of why reality is as it is seem to be so intimately related that their separation 
or prioritisation would impinge on the true account of what we observe. 

 
   At this stage we can turn to sub-question (3), the answer of which 

has already its seeds in the previous discussion and for this reason the 
argument can be quicker. It seems to me that the failure of bottom-up 
causation to work solely as the explanation of reality is more evident for life 
matter than inanimate matter. Granted, there are levels of complexity in 
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inanimate matter too: a neutron star is more complex than a 2D electron gas, 
but there seems to be a qualitative difference between the highest level of 
complexity in inanimate matter and in life matter. The crucial distinction is 
again, in my view, intention, or in other words, the capacity of living things to 
be purpose-oriented and to be able to modify themselves and the 
environment to suit a scope, be it given by nature or self-determined. It would 
be tempting to consider that, since there is no qualitative difference between 
atoms and electrons living in a stone or in one person’s brain, then the 
outcomes of their workings should be equally predictable. Not quite, the brain 
is capable of self-determination and is susceptible to determinations from 
outside stimuli in the way that we have discussed for points (1) and (2). Brains 
are intelligent, whilst a rock is not, and intelligence, or at least intention, 
seems to be the chief motor of bottom down causation, at least where life 
matter is concerned.  

 
Sub-question (4) raises the long-lived issue of whether the world is 

determined or free12, and if and how these two concepts are related to 
reductionism and complexity respectively.  

 
 If the equations of elementary particles hold true for all matter that 
exists, and elementary particles can therefore behave in no other way than 
what is prescribed to them by those laws, is it legitimate to conclude that the 
world – us included – must necessarily be as it is and in no other way? In my 
view, it is logical that if strict reductionism is the only world view one holds, 
then determinism and the impossibility of freedom follow suit. I intend to use 
this implication as a further argument to oppose a strict reductionist view of 
the world and further support the plausability of complexity.  
 
 To hold that the world is completely deterministic is in my view wrong 
on two grounds: it leads to a logical absurdity and it goes against the intuitive 
notion of freedom, of which everyone can have direct experience – at least to 
the technical extent that concerns us here.  

 
Firstly, let us take, for the sake of the argument, a strict deterministic 

approach and explore where that leads us, to then to arrive at a logical 
absurdity. To believe in strict determinism requires one to accept the notion 
that all that exists and happens is necessarily and inevitably so. If one 
observes the chain of causes and consequences that lead to what exists and 
happens now, one is compelled not only to consider the role played by the 
smallest particles of matter at the present time, but also to go back in time to 
look for their behaviour at the time when they were created. Then one would 
be required to hold that at 10-35 seconds since the Universe came into being – 
that is the time when matter began to condense and exist as separate from 
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energy13 – matter was set up in such a way as to inevitably lead to this instant 
when I am typing on these keys, the semiconductor elements of this computer 
are responding accordingly, the mind who invented them was ready to do that 
at the right time, just like this fly that is bothering me was planned to be here 
and move in space in this prescribed manner, and of course even the friend 
who gave me the mp3 that I am listening to was compelled to do so by the 
primordial state of matter and energy that was at the beginning of time. 

  
In my view such a Universal conspiracy is logically untenable. It would 

require one of the following statements to be true. (a) All the information for 
the development of the Universe is included at time zero, that is, according to 
present theory14, in the original quantum fluctuations which preceded the 
formation of matter, or (b) information is not provided originally and at once, 
but it is introduced step by step from within matter itself, or (c) information is 
provided by an agent outside the Universe. Now, (a) seems implausible as it 
would require that a state of reality which is not yet discretised into atoms can 
provide the physical support for storing the billions of bytes of information for 
the whole Universe evolution. (b) and (c) are incompatible with determinism 
as they imply respectively a concept of emergent complexity (as one goes 
from a state of lower to higher information) and a concept of planned scope. 
Thus, one is left with no options to explain how reality “knows” which direction 
it has to take. 

 
Before moving to my second argument I wish to include an interlude of 

clarification. To refuse strict determinism does not mean to affirm neither that 
the Universe is random, nor that it is chaotic. Randomness and chaos are 
different concepts. The former indicates that the outcomes of a system are 
controlled by the laws of probability, the latter that the outcomes are controlled 
by deterministic laws but the final state of the system depends very crucially 
on the initial conditions.  That is to say that when initial conditions vary even 
very slightly, outputs are produced which are so dramatically different from 
each other that they may give the impression of genuine randomness15. 

 
Both determinism, randomness and chaos coexist in our Universe; the 

issue is to clarify to which aspects of reality each of them pertains. 
Randomness is the pure chance variation of the state of a system, for 
instance the throw of a dice. Chaos instead has a different origin and it 
pertains to the dynamics of a complex system16. Consider the dynamics of a 
set of Mikado sticks, for example. The equations which govern the fall of each 
stick are exactly known and are fully deterministic. They prescribe each stick 
can fall in one way and in one way only. However, the solution of those 
equations for all the sticks together is very complicated. The final state of a 
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set of Mikado sticks depends very sensitively on the initial conditions at the 
time when the sticks are released. If one tries to repeat the experiment and to 
release the sticks a second time, the outcome will be very different. The laws 
are deterministic, but the outcomes are not, they are chaotic, although not 
random.  

 
The second argument against strict determinism is the evidence of 

freedom. I shall elaborate this only with reference to the actions of human 
beings, for which the word 'freedom' as some generally understood sense. To 
put it boldly, it seems fair to me to say that we can choose what we do in this 
world: we are not compelled to act in a certain way by a conspiracy of 
elementary particles. In this technical sense only I intend to use the world 
'freedom' in this context.  

 
Although it seems that utter freedom in human behaviour is not given - 

as it is always possible to think of conscious/unconscious, personal/societal 
conditions which contribute to determining the way we act – I rule out direct 
responsibility of the microscopic world in determining our actions. The 
reasoning draws on the same considerations used in answering sub-
questions (1) and (2). The human mind is capable of producing thoughts and 
ideas in response to goals, intentions and external stimuli. These complex 
products can lead to free intentional actions which in turn cause - via top-
down causation - the rearrangement of reality in different states which are not 
pre-determined by the physics of the low levels.  

 
To conclude, my thesis is that it is not tenable to maintain that exact 

knowledge of elementary particle physics is sufficient to explain the whole real 
world. The argument was constructed on three levels.  

 
Firstly and more trivially, although the equations of fundamental 

physics describe the elemental architecture of reality, it is not possible - if 
nothing else for lack of sufficient computing power – to derive exact results for 
systems any more complex than atoms and molecules.  

 
Secondly, bottom-up causation alone is not sufficient and needs to be 

complemented by top-down causation, evidence for which can be seen 
everywhere, especially where (intelligent) life matter is involved. The simplest 
paradigm of top-down causation is the feedback loop, or any other more 
complex open system where outside information provides a goal for the 
system to reach. The final state of the system therefore does not depend only 
on its constituents but is reached crucially via the interaction with the 
environment or with another system. 

 
Thirdly, strict reductionism is rejected because it logically implies 

determinism as a unique view of the world. This is not acceptable as, firstly, it 
leaves unsolved the issue of where the information from Universe evolution 
comes from, and, secondly, on account of the existence of freedom, intended 
here in a restricted sense as the capacity of humans to act independently of 
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microscopic necessities and to cause the rearrangement of reality to suit 
purpose, design and initiative. Intelligence, which is at the base of free 
intention, is not a property of the atoms and of the electrons, but it emerges as 
a higher level property of a much more complex system, such as the human 
brain17. 

 
Despite being very powerful, physics cannot reproduce the findings of 

other fields of study which deal with higher levels of complexity. Each level of 
the hierarchy responds to autonomous laws and is described by an 
appropriate language, although, clearly all levels are interconnected by top-
down and bottom-up causal relationships. Reduction to first principles and 
emergent complexity are, inescapably, complementary tools for the 
understanding of reality.     
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