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Letter from the Editors
Dear reader,
We could hardly have chosen a more challenging theme for last year’s San
Marino Symposium than the subject of time. After following three days of
discussions among renowned scientists and scholars, and having gone through
one year of preparation of these proceedings, we remain perplexed by a feeling that despite some progress, we are still far from achieving a profound
understanding about the nature of time.
Time has always fascinated and eluded every great mind and deep spirit who
applied itself to investigate the ultimate mysteries of the world, and every
generation that followed seems to have done little more than revisiting the
trails pursued by its forefathers. It is an attribute of all great landscapes —
true for those of the natural world as much as for those of the mind— that no
matter how familiar they may become, nothing is emptied of their mystery.
To say, nevertheless, that nothing has evolved in our view of time is untrue,
even if we remain close to Saint Augustine in his answer to the fundamental
question, Quid est tempus?: “What is time? If no one asks me, I know
what it is. If I wish to explain it, I do not know.” In the 2013 Symposium
time was approached from its complementary dimensions or manifestations
—the cosmological, or physical time; the psychological time; and the historical
time— and it was clear that its nature cannot be approached if not by following
the interlacing threads of this rich and complex tapestry.
The evolving theories of physics, as well as the advances in modern experimental psychology, have given important steps in encapsulating a certain
sense of “time”, within a framework that is well equipped to describe specific
aspects of its manifestations. They do it from the indisputably inseparable
but distinct perspectives of time as a cosmological quantity and time as a
dimension within the mind’s perception. By reflecting on those and their
interrelations, already some picture emerges from that tapestry which can be
contemplated, if not fully grasped in its entirety.
The great novelty which for us has emerged from the discussions, if not as
an ultimate explanation, at least as the discovery of a golden thread to follow
within the work, is the historical time. If the notion about the nature of time
is built on the continuous dialogue and the foggy inter-connections between
the temporality in the succession of natural events and our framing of those
into a logical and meaningful unfolding, then it was over history that this has
emerged and developed.
The idea of time and its perception has probably emerged along with man
himself, as it cannot be dissociated from the notion of conscience. From its
initial calendarisation (expression of a limited circumscriptions of time to the
realm of measured successions) to the more advanced conceptualisations of
a “reality of time”, to the maximum intuition of the trans-temporal, that is,
that which is beyond time, the “eternal”, as the logical origin and sustainment
of time —all this came through the natural and cultural history of man.
No serious attempt to an answer for the question “What is time?” can be
given that neglects this supreme dimension, for time is both “natural” and
“human”, and history is the synthesis between both. Scholars would probably
read this as concerning the history of ideas, whereas christian tradition would
recognize here an echo of the Incarnation: as T.S. Eliot wrote, “a moment
in time, but time was made through that moment: for without the meaning
there is not time, and that moment of time gave the meaning.”
But perhaps the most synthetic and immediate image we can make of time
from this Symposium, came through the experience of “musical time”, as
presented to us by the composer Roberto Andreoni. In the words of Stravinsky, “music celebrates the friendship between humans and time.’’ For in the
end, time is exactly this for man, a companion, which carries along all that
matters: the memory of our past, the freedom of our present and the hope
for our future, filling with meaning the gap between our beginning and our
end, slowly revealing and renewing the sense of everything up to its fullness,
at the right hour when every man conquers, through the conclusion of this
friendship, the prize of his existence.
Enjoy your time.
The Editors.
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Abstract
In this paper I present a brief overview of the relationship between time and causality in human
experience. More specifically, I will outline that humans use temporal contiguity as a cue towards
causality, and that in turn impressions of causality can shape perceptions of what is contiguous.

1. David Hume’s heritage
Causality pervades nearly every aspect of human experience. Based on causal understanding,
we decide which foods we like and which ones make us ill, who is our friend and who is our
enemy, which tool is working best, and where to invest our resources. In other words, causal
knowledge enables us to predict and control our environment. The ability to acquire such
knowledge thus is of central significance to human intelligence. However, despite the allpervading nature of causality, it cannot actually be perceived directly. While we can observe
that ingesting large amounts of alcohol tend to be followed by headaches, and that ingestion of
aspirin may be followed by a relief of these headaches, we cannot actually perceive the causal
relations at work directly. David Hume [1] observed that causal relations cannot be directly
appraised by the sensory system. There is no ‘causality sense’. Yet, our senses are the ultimate
source of our experience. Consequently, according to Hume, causality must be construed in
the mind, by transforming essentially non-causal sensory input into representations of causal
relations. This empiricist stance still dominates cognitive science approaches to causality
today. Hume identified three critical empirical cues that may facilitate causal learning or
attribution:
• temporal priority: the cause has to happen before the effect,
• constant conjunction (also referred to as contingency): the cause and the effect have to
co-occur together repeatedly and reliably,
3
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• contiguity in space and time: the co-occurrence of cause and effect needs to be close in
space and time.
The first of these cues is almost universally accepted and seldom subjects to empirical investigation. The second cue – contingency – has received a lot of attention from learning
theorists and psychologists. In fact, the majority of the literature on human causal learning
focuses on the question of how statistical patterns of contingency are transformed into internal representations of causal strength, structure, or power (see [2, 3] for an overview). In the
following section, I will review key psychological evidence for the third cue.
Before going there, however, it may be worthwhile to take a detour and provide some clarification regarding the relation between contingency, correlation and causality. Virtually every
introductory text to statistics admonishes readers that correlation does not imply causation,
yet Hume’s second cue precisely states that from the regular conjunction of the candidate
cause with its effect we form the mental abstraction that the former causes the latter. So
how do we make the mental leap from covariation to causation, and ensure that we only
identify genuine causes and leave spurious relations alone? While we sometimes indeed draw
false conclusions, plenty of anecdotal evidence suggests that the human mind is exquisitely
able to distinguish genuine from spurious causes. How come, for example, that we do not
think that the rooster’s regular crowing in the morning causes the sun to rise?
This is a deep philosophical and psychological question that is well outside the scope of
this article, and indeed has led to a divergence within cognitive psychology between the
empiricists, who subscribed to Hume’s heritage and so-called causal power theorists, e.g.,
Refs. [4, 5], who follow in the footsteps of Immanuel Kant [6]. According to power theorists,
people recognize a causal relation when they are aware of a causal power, force, or propensity
that has the capacity to bring about the effect. We don’t think that the rooster’s crowing
causes the sun to rise because we do not know of a mechanism whereby the rooster or its
crow could lift the sun over the horizon. It does not take much, however, to see that the
power view suffers from circularity: In order to identify a causal relationship, we first need
to know that there is causal power. How to overcome this obstacle without falling into the
equally unattractive trap of endorsing every correlation that we encounter as causal?
Patricia Cheng [7] offered an elegant solution: Her suggestion is that reasoners are able
to assess covariations at the level where the contrast is maximal, and that this ability to
strive for maximum explanatory coherence enables us to identify genuine causal relations.
An example would be the relationship between smoking and lung cancer. Yes, there is a
correlation between them, and now (after many years of toil) we have come to understand
that the former indeed causes the latter. And we have asked the question about smoking
and lung cancer. We could just as well have categorized the cause at a different level of
abstraction. For example, we could have only asked whether smoking Marlboro cigarettes
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causes cancer. This would be an example of a narrower definition of the cause – smoking
other brands of cigarettes would then constitute the absence of the cause, and the contrast
(i.e. the difference between the likelihood of the effect in the presence of the cause minus the
likelihood of the effect in the absence of the cause) would therefore be smaller than in our
original definition. Likewise, had we considered the inhalation of fumes as the cause, then
the cause would now be defined more broadly, and many non-carcinogenic fumes (like steam)
would be included, again lowering the contrast. Lien and Cheng have shown that people
automatically “zoom in” on that level of abstraction where the explanatory contrast is the
greatest, and this ability is what enables us to distinguish genuine from spurious causes (see
also [8]).

2. The role of temporal contiguity in causal learning
But now, let us return to the relation between time and causality. The first systematic
investigation of temporal contiguity in causal learning was conducted in 1987 by Shanks,
Pearson, and Dickinson [9]. Shanks et al. presented participants with an instrumental
learning task: they had to find out to what extent pressing a key on the computer made a
triangle on a computer screen light up. The apparatus was programmed with a contingency
of 75%, i.e. three out of four key presses produced the target effect. Shanks et al. reported
that people’s ability to correctly identify this relation decreased rapidly when a delay between
action and outcome was inserted. More specifically, delays of four seconds or more meant that
subjects could no longer distinguish contingent conditions —those where three out of four
actions produced an outcome – from non-contingency conditions— where their actions had no
consequences and outcomes occurred seemingly at random. While this result fits with similar
findings obtained from non-human animals, it is considerably at odds with our common sense
understanding of human intelligence: We certainly seem to be able to acquire, appraise, and
exploit long-term causal relations. How else would doing agriculture be possible, for example?
One solution to this paradox was proposed by Buehner and May [10, 11, 12], who demonstrated intact causal learning over a four second delay in a paradigm modeled on Shanks et
al. [9]. Unlike Shanks et al., however, they provided their participants with a rationale for
why the effect may sometimes be delayed. Thus knowledge of a plausible mechanism, and
the timeframe this entails, enables reasonsers to bridge temporal gaps. However, and this
will prove important later on, the default assumption is that causal relations are immediate.
In other words – everything else being equal, contiguous causal relations are much easier
to learn than non-contiguous ones. This effect is even true in cases where the cause-effect
contingency is not experienced in real time, but can be directly read off from a table. Greville
and Buehner [13] found that even when statistical relations are presented in plain sight to
participants, they will take contiguity information into account, and combine both sources
of information to form causal judgments.

5

Figure 1. A hypothetical example of a discounting function. For the purposes of causal or
associative learning, the subjective value (SV) plotted on the Y axis translates directly to gains in

The psychology of time and
associative strength.
causality

Volume 7

Gain in Associative Strength

Summer 2014

x

y

z

Delay of Reward
Figure 1: A hypothetical example of a discounting function. For the purposes of causal or associative
learning, the subjective value (SV) plotted on the y axis translates directly to gains in associative
strength.

When we learn about delayed causal relations, there is likely to be some variation in the
extent of the delay. In other words, a learning experience may consist of multiple cause-effect
intervals, and not only can the average of this interval vary between different causal relations,
but also the variance of the (sampled) cause-effect intervals. How might (the extent) of such
variance influence causal learning? Or, to put the question more formally: if we were to
compare two sets of experiences with the same average cause-effect delay, one where this
delay is constant, and one where it varies around the average, which of them might afford
better causal learning? Looking towards the literature of animal and associative learning, one
might expect that the variable interval sample would afford better learning. This is because
of the negatively accelerated discounting curve which models the value of rewards over time
(see Fig. 1). Reward learning usually always involves discounting, such that —everything else
being equal— immediate rewards are preferred over delayed rewards of the same magnitude:
We all would rather have $100 today than $100 in four weeks. The exact nature of the
discounting curve is a function both of the nature of the reward (consumable rewards like
food, drink, or drugs lose their value faster than non-consumable rewards like money), and
individual differences (see [14, 15] for more detailed discussions).
Be that as it may, the general shape of the discounting curve implies that a combination of
early and late rewards carries higher utility or value than accruing repeated instances of a
middling reward. In Fig. 1,
x+z = 2∗y,
(1.1)
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indicating that the average delay is identical, yet when considering the subjective value (SV),
SV(x) + SV(z) > 2 ∗ SV(y) .

(1.2)

From this perspective then, variable cause-effect intervals might afford better (i.e. faster,
or stronger) learning. Considering the symbolic nature of a causal relation, however, one
might make the opposite prediction: Most natural causal mechanism involve a pretty constant delay (consider the regularity of cosmological patterns, biological cycles, etc). From
a Bayesian perspective, constant cause-effect intervals would dramatically improve causal
learning. A constant delay is extremely unlikely to be produced by chance, and thus is a
clear signal of some meaningful relation between the two events of interest. In contrast, a
statistically reliable pattern involving variable delays will be much harder to identify. Greville and Buehner found exactly that [16]: Instrumental causal relations involving constant
delays afforded better causal learning than relations with variable delays averaging around
an equivalent mean.

3. The role of causality in appraising temporal and spatial contiguity
The previous section illustrated how human causal learning neatly follows the bottom-up
principles laid out in David Hume’s empiricism: The human sensory system appraises the
hard facts about the presence and absence of objects and events, as well as the temporal
(and spatial) patterns between them, and derives a mental construct of causality from this.
A little over a decade ago, work from Patrick Haggard’s lab [17] strongly challenged this
position. Haggard et al. asked their participants to report the time of either their own
action (key press) or an external event (beep) with reference to a fast moving clock projected
onto the computer screen. Once they established a participant’s baseline judgment error
using this method, they changed the procedure so that the participant’s key press resulted
in the beep after a short delay. Again, participants had to report either the time of their
key press or the time when they heard the tone. Haggard et al. found systematic shifts in
participants’ judgment errors: relative to the single-event judgment errors derived at baseline,
now participants reported the time of their action to be later, whereas they reported the time
of the outcome (i.e. the beep) as earlier. In other words, the action and its outcome mutually
attracted each other in time.
Subsequent work revealed that this temporal binding only occurs when the action is in fact
a causal instrumental action [18] and that the cause need not be a human action – machine
causation is just as effective [19]. At the same time, the effect has been demonstrated within
a range of experimental paradigms and methods [20, 21, 22, 23, 24], for example see [25].The
causal binding between cause and effect occurs only in the temporal domain, but also in the
spatial domain: stimuli involved in simulations of collision events are judged to be closer in

7
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space when they were linked by a causal collision compared to other, non-causal, displays [26].
Causal binding in time and space actually follows from a Bayesian interpretation of Hume’s
principles: if it is the case that temporal or spatial contiguity increase the likelihood that we
form a causal connection between two events, then it is also true that once we have formed
such a connection, it is also more likely that cause and effect are relatively contiguous in
space-time. Because human time perception is inherently ambiguous and noisy, the mind
can attempt to resolve some of this ambiguity by drawing on higher level knowledge of
causality between the constituent events. The relationship between time and causality —at
least in the world of human experience— thus is a two-way street. Not only do we build
causal representations based on our empirical observations of contiguity between events, but
our perception of what is contiguous is in turn shaped by the representations of causality
these observations have helped to create.
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Abstract
My starting point is the question, did it make sense for the Planck team to announce the present age
of the universe? This talk will propose that it did, because spacetime is an evolving block universe,
with the present being the future boundary of a spacetime which steadily extends into the future as
time progresses. The present separates the past (which already exists) from the future (which does
not yet exist, and is indeterminate because of foundational quantum uncertainty). There are some
technical aspects to this – namely (1) simultaneity has no physical import, it is a purely psychological
construct, (2) one can define unique surfaces of constant time in a non-local geometric way (and
show how this relates to the standard ADM formalism), (3) this proposal solves the chronology
protection problem (it prevents existence of closed timelike lines). In this context, (4) the arrow of
time is distinguished from the direction of time, which is non-locally defined in the evolving block
universe context.

1. Prolog
There are fossils in the Karoo National Park, South Africa, from amazing extinct wildlife that
once thrived in the ancient Karoo during the Late Permian Period. The curator explained
as we walked round, “That the skeleton is 255 million and 23 years old!” Amazed, we asked
how he knew this. He said “When I came here 23 years ago, it was 255 million years old”.
The same idea applies to the universe today. In March 2013, analysis of Cosmic Microwave
background radiation brightness data obtained by the Planck Satellite, see Figure 2, determined that the universe was 13.82 Billion years old. Is it now (December 2013) 13.82 Billion
Years and six months old? In my view, the answer is yes. Time flows on and the universe is
now older than it was then. But this view contradicts what many scientists claim.
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Figure 1: Fossilized Skeleton.

2. Time as an illusion
The nature of spacetime in both special and general relativity has led some to a view that the
passage of time is an illusion. Given data at an arbitrary time, it is claimed that everything
occurring at any later or earlier time can be uniquely determined from that data. Time
reversible Hamiltonian dynamics provides the basis for physics in general, and gravitation in
particular. One can predict equally to the past and the future from present day data.

!

Figure 2: CMB Sky Map from Planck. [Image credit: ESA–Planck Collaboration]

Consequently, nothing can be special about any particular moment; there is no special “now”
which can be called the present. Past, present and future are equal to each other, for there
is no surface which can uniquely be called the present.
An example is this statement by Julian Barbour in his book “The End of Time” [1],
... the apparent passage of time is an illusion. If we could stand outside the universe and
see it as it is, it would appear to be static.
12
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Various articles in the Scientific American Special issue of January 25, 2012, entitled “A
Matter of Time”, put the case that time is an illusion, and/or that time does not flow.

2.1 The Block Universe
Such a view can be formalized in the idea of a Block Universe: space and time are represented
as merged into an unchanging 4-dimensional spacetime entity, with time the vertical axis and
spatial directions sideways. The histories of all particles and events can be represented in the
diagram of Figure 3 (see Ref. [2] for a detailed description). In this diagram, no particular
space section is identified as the present time, and no evolution of spacetime is taking place.
The universe just is a fixed 4D spacetime block, representing all events that have happened
and that ever will happen.

Time

Space

Figure 3: The block universe.

[Figure 3: The block universe]

This representation implicitly embodies the idea that time is an illusion: time does not “roll
This representation implicitly embodies the idea that time is an illusion: time  does  not  “roll  
on” in this
picture. Both the the
pastpast
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thethefuture
exist,and
andare
areuniquely
uniquely
determined.
on”  in  this  picture.  Both
futurealready
already exist,
determined.
unexpected
can happen.
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hasno
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NothingNothing
unexpected
can happen.
TheThe
present
2: Taking time seriously: Things actually happen in time!

3. Taking time seriously: Things actually happen in time!

The problem with this view is that it is profound contradiction with our experiences in
everyday life, with physical chemistry, with engineering, with biology, and with
The problem with this view is that it is in profound contradiction with our experiences in
psychology, where time is indubitably experienced as remorselessly flowing on. This model
everyday
life,
physical
chemistry,
with
with– for
biology,
witha psychology,
does
notwith
represent
key features
of the
wayengineering,
the world works
whichand
we have
great deal
of
evidence.
The
mathematical
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is
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We
must
be
able
to
do
better.
where time is indubitably experienced as remorselessly flowing on. This model does not

represent key features of the way the world works – for which we have a great deal of
2.1 The macro – micro tension: There are time-reversible laws at the micro level, obeying
evidence.
The mathematical
modellead
is inadequate!
We must
be able
do better.
Hamiltonian
dynamics, which
to the block universe
picture.
Butto
these
laws involve
detailed micro variables for billions of particles, such as their individual velocities and
positions. When you average to get a coarse grained macroscopic description, given by
variables such as the pressure, density, temperature, and entropy, one finds time irreversible
physics at the macro level, as explained clearly by Roger Penrose in his book Cycles of
Times.
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3.1 The macro–micro tension
There are time-reversible laws at the micro level, obeying Hamiltonian dynamics, which lead
to the block universe picture. But these laws involve detailed micro variables for billions
of particles, such as their individual velocities and positions. When you average to get a
coarse grained macroscopic description, given by variables such as the pressure, density,
temperature, and entropy, one finds time irreversible physics at the macro level, as explained
clearly by Roger Penrose in his book “Cycles of Times” [3].
The entropy of an isolated system is a macro variable representing the microscopic randomness of its component particles. The loss of information when one views a microscopic
system at a macro level, combined with coarse grained dynamics, leads to the Second Law
of Thermodynamics: as time passes, the entropy of an isolated system always increases.
This is a fundamental feature of the macroscopic world of physics, chemistry, engineering,
and biology. It is expressed beautifully by Arthur Stanley Eddington as follows in his Gifford
Lectures entitled “The Nature of the Physical Universe” [4].1
If someone points out to you that your pet theory of the universe is in disagreement with
Maxwell’s equations —then so much the worse for Maxwell’s equations. If it is found to
be contradicted by observation— well, these experimentalists do bungle things sometimes.
But if your theory is found to be against the second law of thermodynamics I can give you
no hope; there is nothing for it but to collapse in deepest humiliation.

If your spacetime description does not describe this feature, you need to try harder. Your
model fails to capture a key feature of reality.

3.2 Quantum physics
Irreversibility also occurs at the micro level, where quantum physics holds sway. Quantum
mechanics applies to the real universe, as numerous experiments prove, and does not only
involve time reversible unitary transformations, as one might believe from many articles
and textbooks. Measurements happen; collapse of the wave function takes place; classical
outcomes occur. Ignoring this is ignoring a fundamental feature of physics. This is where
the uncertainty of the future changes to the definiteness of the past.
The unitary time-reversible part of the evolution, described by the Schrodinger or Dirac
equation, does not describe all the microscopic level dynamics [5, 6]. Quantum measurement
is a time-irreversible process whereby information is lost as the uncertain future becomes the
definite past (a superposition of states becomes an eigenstate). Through the Born rule, one is
able to predict probabilities of the outcomes in the future before they occur, even though one
1
An online version of Eddington’s Lectures is available at http://www.giffordlectures.org/Browse.
asp?PubID=TPNOPW&Cover=TRUE
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cannot predict what the specific outcome will be. But this is not true in the reverse direction
of time: one cannot even give probabilities of what the initial superposition of states was from
data available after an experimental outcome has been attained. Information is irreversibly
lost as time progresses and classical outcomes are realised.
One’s spacetime model should clearly model this process of uncertainty changing to certainty
at an irreversible transit of the quantum state from indefinite to definite. Note that this takes
place all the time everywhere as quantum indefiniteness changes to classical states, for example when photons hit a leaf and cause release of specific electrons in chlorophyll molecules,
or when nucleosynthesis took place in the early universe and led to specific nuclei of helium
coming into existence. One can set up experimental situations where one controls where and
when this happens, but the process of collapse of the wave function to a specific unique state
does not require laboratory experiments in order that it occur. It is the foundation of all
classical existence, whether or not an observer is present.

4. An evolving block spacetime
By contrast to the Block Spacetime view, one can suggest that the true nature of spacetime
is best represented as an Evolving Block Universe (“EBU”), a spacetime which grows and
incorporates ever more events, “concretizing” as time evolves along each world line, with
quantum uncertainty continually changing to classical definiteness [7].
To motivate this spacetime model, consider a massive object in space such as an asteroid, with
two computer controlled rocket engines attached, one at each end, that move it either right
or left. Let the computer determine when the engines fire on the basis of measurements of
radioactive decay products of excited atoms. Then the outcome is unpredictable in principle,
because radioactive decay is a quantum event: the times of emission of decay particles is
unpredictable because of foundational quantum indeterminacy. There are a whole lot of
possible paths in the future at a time t0 ; at a later time t1 one of those paths will have been
chosen and the rest —the paths not taken— will have been rejected. This repeats to the
future of t1, and so on: the possibilities of the future become the determined choices of the
past as time progresses (see Figure 4).
As the asteroid has mass, it curves spacetime according to the way it moves, so the outcomes
of these irreducibly random quantum events determines the spacetime curvature as time progresses in the future. Thus the future spacetime structure is not determinable or predictable
from current data (as was foreshadowed in the Bohr-Einstein debate): one can only find out
what it becomes by observing what happens as it happens.
At any time t0 , the past has been determined and is fixed; the future is uncertain and still has
to be fixed. The future does not exist in the same sense as the past or the present, because it
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Figure 4: The change from uncertainty to certainty: the present is where the indefinite future
changes to the determined past.

is not yet determined what it will be. The past is fixed and partly determines what happens
at the present, so it must exist, else we will have uncaused events at the present. The present
is where the change takes place. It is crucially different from both the past and future, and
indeed separates them.
Thus the determinate spacetime region grows with time: spacetime itself is growing as its
future boundary extends (the past boundary is fixed and unchanging). In this way, the
evolving block universe grows with time: it is exactly the same as the block universe, except
it does not extend to infinity. It has a future boundary: namely the ever-changing present.
It exists up to that time, but not for later times, which have not yet come into being

!

Figure 5: The evolving block universe grows with time.

4.1 Surfaces of change
The primary problem with this is the claimed unique status of “the present” in the EBU —
the surface where the indeterminate future is changed to the definite past at any instant. It
16
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is a fundamental feature of Special Relativity that simultaneity is not uniquely defined, it
depends on the state of motion of the observer. Hence the block universe model is natural:
it is the only way a spacetime model can incorporate this lack of well-defined surfaces of
instantaneity. Hence time is an illusion.
However simultaneity as usually defined, determined by radar, is irrelevant to physical causation! Consider the Mars Rover, where the communication time delay between the control
centre on Earth and the rover on Mars is about 20 minutes on average. What matters physically is the emission event E1 on the earth where a signal is sent, the interaction event E2
on Mars where the signal is received and a response transmitted, and the final reception E3
on Earth where the return signal is received. These affect physical outcomes. Which event S
at the Earth is considered to be simultaneous with the interaction event E2 on Mars has no
physical significance at all: it only has psychological value. We like to think “Now the signal
is being received on Mars”. But as regards physical causation, it does not matter when we
think this.
Resolution: Physically, things happen along timelike worldlines – the histories of particles
and macroscopic objects – rather than on spacelike surfaces. What we need is a definition of
“the Present” that is based on timelike world lines, for they can be the histories of clocks.
What really matters is the proper time measured along preferred timelines xi (v) by perfect
clocks, which are the foundations of all local physical laws, as well as of measurements in
General Relativity theory (as described nicely by J. L. Synge [8]. Proper time along a timelike
world line is determined from the metric tensor gij (xk ) by the basic formula
∫
τ=

∫
2 1/2

(−ds )

=

(

)1/2
−gij (dxi /dv)(dxj /dv)
dv

(2.1)

This value is independent of the parameter v used to describe the curve; however obviously
τ is a preferred curve parameter. It is the time parameter that occurs ib al local physical
laws such as Newton’s equations of motion, Maxwell’s equations, the diffusion equation, the
Schrodinger equation, the Dirac equation, and so on.
Time of determination: Start at the beginning of time, at the start of the universe.
Measure proper time τ along fundamental world lines from the start to the present, thereby
determining the transition surface (“the present”) {τ = τ0 } at the time τ0 . As time evolves,
τ0 increases along preferred fundamental world lines and the total set of points {τ = τ0 }
along all fundamental world lines defines the present at that time. This is where the
future is instantaneously changing to the past. It will happen on a later surface {τ = τ1 }
at a later time τ1 > τ0 . So the process of change happens on preferred surfaces that are
secondary to timelike world lines.

Thus we can propose that
The present: The ever-changing surface S(τ0 ) separating the future and past at the
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time τ0 is the surface {τ = constant} given by the integral Eq. 2.1 along a family of
fundamental world lines starting at the beginning of space time (a spacelike boundary).
This is the ‘present’ at time τ0 . The spacetime exists at that instant for τ < τ0 but not
for τ > τ0 .

At a later τ1 > τ0 , it will have extended further to the future, incorporating all the events
for τ1 > τ > τ0 as well as those for τ0 > τ > 0.

4.2 The preferred world lines
But is this well-defined, given that there are no preferred world-lines in the flat spacetime
of special relativity? The second fundamental feature is that it is general relativity that
describes the structure of space time, not special relativity. As shown by Einstein, gravity
governs spacetime curvature; the metric tensor is determined by the matter present.
Because there is no perfect vacuum anywhere in the real universe (inter alia because cosmic
blackbody background radiation permeates the Solar System and all of interstellar and intergalactic space), space time is nowhere flat or even of constant curvature. Therefore there
are preferred timelike lines and surfaces everywhere in any realistic spacetime model. The
special relativity argument does not apply.
A unique geometrically determined choice for fundamental worldlines is the set of timelike
eigenlines xa (v) of the Ricci tensor on a suitable averaging scale (they will exist and be unique
for all realistic matter, because of the energy conditions such matter obeys). Physically, this
represents the average motion of all matter and radiation in the universe at each event, on
the chosen averaging scale. Observationally, in practice it is the rest frame where there is no
dipole in the observed CMB radiation intensity, for that determines the local rest frame of
the universe.
The 4-velocity ua (v) = dxa (v)/dv of these world lines satisfies the equation
Rab ub = λ2 ua ⇐⇒ Tab ub = λ1 ua

(2.2)

where the equivalence follows from the Einstein field equations. Thus we can further propose
that
Fundamental world lines: the proper time integral Eq. (2.1) used to define the present
is taken along the world lines with 4-velocity ua (v) satisfying Eq. (2.2).

This will give the usual surfaces of constant time in the standard Friedmann-LemaîtreRobertson-Walker (FLRW) cosmologies. One should note here that these surfaces will in
general not be simultaneous for the fundamental observers; indeed they need not even be
spacelike if the universe is very inhomogeneous. This is because they are non-locally defined
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via the properties of fundamental timelike world lines.

4.3 The overall proposal
Putting this together, we have the basic proposal:
The evolving block universe: The future boundary of spacetime at time τ = τ0 is
the present at that time, determined by the integral Eq. (2.1) along preferred timelike
worldlines, which are defined by the average motion of matter in the universe, as given
by Eq. (2.2). This is where the indeterminate future, which does not yet exist, changes at
time τ0 to the determined past, which does indeed exist because it has causal powers over
the present. As time passes, τ0 takes all values from τ0 = 0 at the start of the universe to
τ = τfinal at the end of its history.

The value τfinal may be finite or infinite. In the latter case, it is never attained: it is always
in the future, and no matter how long one waits, it is still as far away as ever.

5. The arrow of time
A long standing issue is, how can a difference emerge between the future and the past, on
the basis of time symmetric micro-physics? How does time know which way to flow? Why
does it flow the same way everywhere?
There is no basis for a determination of the direction of time from microphysics alone, because
its basic equations are time symmetric. It is true that there is a very weak time asymmetry
in the weak force, but this cannot provide a foundation for the arrow of time of the second
law of thermodynamics in everyday life; indeed it is very difficult to detect this effect. It does
not make a significant difference to chemistry and biology.
Setting this effect aside, microphysics is time reversible. How does macro physics know the
direction of time? The Boltzmann H-theorem, which proves that entropy increases to the
future, applies equally in both directions of time (take your proof and set t → −t; exactly the
same proof will still hold). This is Loschmidt’s paradox, and it applies equally to the Quantum
Field Theory derivation of the H-Theorem given by Weinberg. In the block universe, the past
and future are equal. Not so according to the second law of thermodynamics!
Where does this macroscopic arrow of time come from, if it does not arise from the microphysics?
The evolving block universe solution: The equations are time symmetric, but their
spacetime context is not. In an EBU, the arrow of time arises because the past exists and
is developing to the future, which does not yet exist, a global asymmetry of the physics
context. It is this asymmetry that leads to the direction of time, which in turn leads to
the various local arrows of time [9].
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Here I distinguish two fundamental concepts: the Direction of Time and Arrows of Time.
The Direction of Time is non-locally determined: it points from the start of the universe
to the present time τ0 . It arises because the block universe has a beginning, which is fixed
at the time τ = 0 and bounds spacetime to the past, and a future edge at the ever changing
present time τ0 . It is this process of change at the edge of spacetime, which is continually
extending to include more events as time progresses, that determines which is the future
direction of time, as opposed to its start.

Thus if event Q on the boundary is fixed and unchanging as time evolves, it is at the start
rather than at the evolving future edge; we assign it the time τ (Q) = 0. If event P on the
boundary at one time is inside at another time, it is at the evolving future edge; we assign it
the time τ (P ) given by Eq. (2.1). The direction of time points from Q to P. Then if the age
τ (P ) of the universe (the integral Eq. (2.1) from τ = 0 to P) at event P is greater the age
τ = τ (R) of the universe at event R, then P is later than R and the direction of time is from
R to P.
One can be influenced at the present time from many causes lying in our past, as they have
already taken place and their influence can thereafter be felt. Past events affect today, for
example the existence of the elements C,N,O,… on Earth is because of nucleosynthesis in the
distant past in the early universe. Similarly, cosmic rays emitted in the past influence events
on the earth today. Hence the past must exist, else we have effects today with no cause.
This is the rationale for saying that the past exists but the future does not: if something can
influence you, it necessarily exists. One cannot be physically influenced by causes coming
from the future, for they have not yet come into being, and it is not yet definite what that
future will be. Future possibilities exist, not specific outcomes.
Thus the direction of time points from the past that exists to the future that does not: a
global definition that is not written into any local physical laws.
An Arrow of Time at the present is a locally determined arrow showing the direction of
time according to local physical effects: the growth of entropy, electromagnetic waves are
received after they are emitted, biological systems are born, grow and die, and so on.

Special initial conditions (the Past Condition: that the universe starts in a low entropy initial
state) then relates the local arrows of time to the non-local direction of time, leading to the
local arrows of time agreeing with each other and with the direction of time. For example,
the arrow of time in the second law of thermodynamics points in the direction of expansion
of the Universe. Without the Past Condition, this need not be the case.
Hence it is the global context of the EBU that determines the direction of time, and thence
the local arrows of time. This takes place by a cascading of the direction of time down from
the cosmological scale to microphysical scales, and then back up to emergent entities (see [9]
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fundamental world lines and indeed time would come to an end.

A longstanding problem is that , as demonstrated by Kurt Gödel, closed timelike lines can
Thus the world lines cannot intersect each other and create closed timelike loops: whenever
occur in exact solutions of the Einstein Field Equations with reasonable matter content. This
this threatens, singularities close off the future and prevent its occurrence. Hence unlike the
opens up the possibility of many paradoxes, such as killing your own grandparents before
usual case, the EBU as outlined above automatically provides chronology protection, so no
you were born, and so creating causally untenable situations.
“Grandfather Paradox” can occur. We can get only spacetimes with global time orientation
in the Cauchy development of the initial data surface.

It has been hypothesized that a Chronology Protection Condition would prevent this
happening. This is an ad hoc extra requirement on solutions of the Einstein field equations,
which do not by themselves give the needed protection
The EBU automatically provides chronology protection, because creating closed timelike
lines requires the undetermined part of spacetime
intruding on regions that have already
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the past; thus the present, where the indefinite future changes to the definite past, has no
meaning. This final section comments firstly on how this is not true in the real universe,
because real complexity arises that is not implied by the initial data; and secondly how if it
were true, it would raise much deeper paradoxes.

7.1 Complexity arises that is not implied by the initial data
6.1 Complexity arises that is not implied by the initial data
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Time runs from left to right. An extraordinarily rapid initial accelerating period of expansion
(‘inflation’) gives way to a hot big bang era, until matter and radiation decouple11at the Last
Scattering Surface (LSS), 300,000 years after the hot big bang. This is followed by dark
ages until the first stars form and galaxies come into being through gravitational attraction.
Some first generation stars then meet a fiery end as a supernova, spreading clouds of heavy
elements in space that then allow second generation stars to form that are surrounded by
planets which can provide a habitat for life.
Thus the expanding universe is the environment creating the conditions for life to exist today.
The cosmic background radiation sky we observe today, see Figure 2 is an image of the density
fluctuations on the LSS that are the precursors of all the galaxies that exist today.
Now the question is this: is all the future history of the universe uniquely encoded in the
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fluctuations on the LSS? If we had future satellites far more powerful than Planck, that could
detect every micro-fluctuation on the LSS, could one then in principle run that data forwards
to predict the specific words on the page you are reading now? And going back even earlier,
are these words implied by the state of the universe at the start of inflation? In short: is it
true that in the real universe, the future is uniquely predicted by the past?
This is not possible even in principle for two reasons. First, the inhomogeneities that occurred
on the LSS were the outcome of quantum fluctuations during inflation. They were not
determined uniquely by the state of the universe at the start of inflation, because until the
relevant quantum fluctuations had become crystalized in classical fluctuations, the outcome
was unpredictable, even in principle. Thus the state of the LSS is not uniquely determined by
the state of the universe at the start of inflation; hence the existence of our specific Galaxy,
and the Earth in it, is also not so determined.
Second, suppose we knew every detail of the state of the Earth and the life on it two billions
years ago. That would not uniquely predict that humans would exist today, because cosmic
rays have altered evolutionary history through causing genetic mutations; and the emission
of a specific cosmic ray at a particular time and place is a quantum event, unpredictable even
in principle. The outcome was only determined as it happened. A Laplacian demon who
could calculate with infinite precision would not be able to predict our existence, much less
what is written on this page, from that early data. It is not written into that initial state.
Hence this talk can’t possibly be encoded in CBR data: quantum uncertainty prevents this
from being the case.

7.2 Emergence of complexity
So how did complexity arise, leading to the words on this page, if they were not implied by
the initial data? Through adaptive evolutionary and developmental processes that lead to
the existence of genuine complexity, where higher levels of structure —such as brains and
minds— come into being with genuine causal powers, not implied by the lower levels of
structure on which they supervene.
Genuine emergence takes place and determines what happens. Higher level purposes structure
events – for example by creating computers that then have the power to change the world.
This outcome is not predictable from microphysics alone.
This emergence of higher level causal powers is possible because of the existence of both
bottom-up and top-down causation in complex systems, leading to the possibility of interlevel feedback loops. Contextual effects occur when the higher levels of the hierarchy causally
effect what happens at the lower levels in a coordinated way [10, 11]. This is the key to
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biological emergence where, particularly through natural selection, top-down action from
the environment codes information about appropriate responses to the environment into the
detailed base sequence in each animal’s DNA.
Adaptive Selection is the way meaningful information is created from a jumble of disordered
objects, gained by discarding all the information received that is not meaningful. One can
think of this as a selection gate creating order from disorder by deleting what is not wanted
and keeping what is desirable in terms of meeting some higher level select criterion. The
outcome is not uniquely determined by the initial state because it involves a randomisation
process whereby an ensemble of states or structures is created that can then be selected
from according to the operative selection criteria. Overall this process is non-unitary and
unpredictable. It is the way new structures and information come into being that are not
specifically implied by the initial date.
Irreversibility is introduced at the micro level by this process, whereby local entropy is decreasing as order increases. Erasing un-needed information is an irreversible dissipative process that creates order from chaos. It occurs all over: in biology, in physics, and in the way
our minds operate, where it is the basis of learning and the development of technology.
The initial state of the universe allows this to happen, but does not dictate the outcome. It
cannot do so because of the randomness created by quantum uncertainty, which unfolds over
time and creates possibilities out of which complexity can arise.

7.3 Much deeper paradoxes
Finally, suppose this was not the case: forget quantum uncertainty and assume everything
in the history of the earth is indeed written into the fluctuations on the LSS observed by
Planck. We then have to explain how this talk, the theory of General Relativity, the Mona
Lisa, the international banking system, etc. could all have been encoded there.
This is simply unbelievable. Who or what could have set the molecules then just so as to get
these results? To determine every thought that Maxwell, Einstein, Karl Marx had? This is
not even remotely credible. It is fantasy.
Such highly ordered logical systems cannot possibly be a unique outcome of random processes
in the early universe. But if the initial data were ordered so as to produce these highly
structured outcomes, what agent could have been responsible for this ordering? What kind of
god or demiurge could have been responsible? Certainly not random quantum fluctuations,
as envisaged in inflationary theory. By its very nature it only leads to random Gaussian
processes.
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In fact, emergence of brains with genuine causal powers leads to these thoughts and resultant
theories, such as General Relativity Theory and the theory of Evolution. These are creations
of the mind that are not written into the initial data in the universe. They are wonderful
products of emergent human intellect with its extraordinary imagination and causal powers.
Their existence is not compatible with the block universe picture, where all that exists is
uniquely written into the Cauchy data at any arbitrary time.

8. Conclusion
There is indeed a passage of time: The past is fixed and cannot be changed. The future
is determined by a combination of chance, necessity, and purpose. It is determined as it
happens: and is then irrevocably written into history.
The Moving Finger writes; and, having writ,
Moves on: nor all your Piety nor Wit
Shall lure it back to cancel half a Line,
Nor all your Tears wash out a Word of it
Omar Khayyam (Poem #545)

The future is not determined till it happens. That is guaranteed to us by quantum mechanics.
It is what is experienced in the macro world.
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Abstract
The role of time in the development of higher organisms is obvious. Starting with a single cell,
development requires a chain of linked pattern-forming processes. In biology, all processes are
achieved by the interaction of molecules. Pattern formation in space requires that local concentration
maxima emerge from originally more or less homogeneous initial distributions. Such maxima act as
signaling centers, i.e., as organizing regions, instructing the surrounding cells to allow a positionspecific behavior. Spatial patterns are generated by reactions in which particular molecules have a
strong positive feedback on their own production rate. This self-enhancing reaction has to be balanced
by a more rapidly spreading antagonist. The theoretically predicted interactions found full support by
more recent observations on the molecular-genetic level. If the antagonistic reactions have a longer
time constant, the same type of interactions can also lead to patterns in time, including sustained
oscillations, spike-like activations and travelling waves. These mechanisms are universal and drive
also pattern formation in the non-animated world, for instance, in the formation of sand dunes,
lighting, or in the ups and downs of the stock marked.

1. Introduction
The complex structure of a higher organism emerges in the course of time during its development. Head, tail, arms, legs, blood vessels, etc. appear at the correct position and at
the correct time. The perplexing similarity of identical twins indicates that the enfolding of
these patterns occurs under the control of genetic information. However, reference to the
genetic information does not provide in itself an explanation of this most fascinating process.
The genetic information is essentially the same in all cells. Thus, the question is: how is it
achieved that different parts of the developing embryo form different structures?
The final structure of an organism cannot reside in a hidden form already in the fertilized
egg. Removal of some parts during early developmental stages is frequently compensated
by regeneration of the structures removed. This suggests that a communication takes place
between the cells that allows for a self-organized and self-regulating patterning. The system
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detects whether parts are missing; if yes, other cells are reprogrammed such that normal
development can follow. An early chick embryo, for example, can be subdivided into several
fragments and each fragment develops into a complete embryo, showing that at an early stage
the future fate of the cells is not irreversibly determined [1].
It was a very important discovery that small particular nests of cells can obtain special
functions, acting as signaling centers, instructing the surrounding cells. Grafting such an
organizing region to an ectopic position can induce a whole set of new structures in the
surrounding host tissue, up to a complete supernumerary embryo [2]. But how are signaling
centers generated in the first place?
Usually the underlying mechanism on which a complex process is based cannot be directly
deduced from observations. Formulating a hypothesis is an essential step to bridge the gap
between the observations on the one hand and the underlying mechanism on the other. A
mathematical formulation of the hypothesis, i.e. a theory, allows checking whether the assumed mechanism is free of internal contradictions and whether the mechanism can account
indeed for the observations. The complexity of a higher organism seems to preclude a mathematical formulation. However, development can be separated into essential elementary steps
that are amenable to a mathematical description.
All processes in biology are thought to be under the control of molecules. Thus, a theory
has to describe the concentration changes of signaling molecules due to their production,
spread, degradation and, most importantly, due to their mutual regulation. If such a set of
equations is available, the concentration changes can be calculated for a short time interval.
Adding these changes to given initial concentrations provides the expected concentrations at
a somewhat later moment. Repetition of such calculations allows computing the total time
course of the expected distributions. In the first part I will discuss interactions that allow the
generation of stable concentration patterns in space. Subsequently it will be discussed how
these signals can be used to achieve a position-dependent stable cell determination and what
type of reactions allow a more fine-grained patterning in a reproducible way. More at the end
I will show that the same type of interactions can lead to patterns that never reach a stable
steady state, i.e., to patterns that change permanently in time. The pigment patterns on
tropical sea shells —representing a faithful time record of a highly dynamic one-dimensional
patterning process— will be used to illustrate some the underlying mechanisms.

2. Local self-enhancement and long-ranging inhibition as the driving
force of pattern formation
The generation of structures from initially structure-less situations is by no means restricted
to living systems. Clouds can emerge on the blue sky. Likewise, a sharply contoured lightning
may come out of a diffuse cloud. Rain, although distributed more or less evenly over the
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landscape, can cause the formation of deep valleys by erosion (Figure 1). The formation
of sand dunes may appear to be counterintuitive. Naively one would expect that the wind
distributes the sand evenly in the desert, but the contrary is the case: the formation of sand
dunes requires the blow of the wind. Together with Alfred Gierer I proposed that pattern
formation generally requires local self-enhancing processes that are antagonized by reactions
that act on a longer range [3, 4, 5, 6]. From the examples given above it is easy to see that
patterning in non-biological systems is also based on this mechanism (Figure 1). Similar
processes are also prevalent in social interactions. If several candidates want to be elected for
becoming president, they will try to enhance their own position and diminish that of their
competitors. Eventually, one “organizer” becomes selected, which is not so different from the
situation in biology.

Figure 1: Examples for pattern formations in the non-animated nature based on local self-enhancing
(autocatalytic) processes that are antagonized by reactions of a longer range. Sand dunes may arise
from sand deposition behind a minor wind shelter. This deposition accelerates further accumulation
of sand, and so on. Erosion proceeds faster at some injuries or slight depression. More water
collects in the incipient valleys, causing that the erosion proceeds there more rapid. Antagonistic
effects of long range make sure that the local self-enhancing reactions remain restricted in space and
amplitude. Sand or water that accumulates at a particular location cannot contribute to the process
at another position. Next to a river, no second river will be formed.

3. A prototype of a pattern-forming reaction: the activator-inhibitor
interaction
For biological pattern formation a straightforward molecular realization of this basic reaction
type can consist of a short-ranging substance —to be called the activator— that promotes,
directly or indirectly, its own production. This activator also regulates the synthesis of its
rapidly diffusing antagonist, the inhibitor. The latter slows down the autocatalytic activator
production (Figure 2). A homogeneous distribution of both substances in a small field would
be stable; an increase in the activator would be compensated by a corresponding increase
of the inhibitor, bringing the activator concentration back to the equilibrium level. In an
extended field, however, the homogeneous distribution of both substances is unstable. For
29

Volume 7

Models of biological pattern formation in space and time

Summer 2014

instance, a small local elevation of the activator will increase further due to autocatalysis.
The locally increased inhibitor production is unable to regulate back the small surplus in the
activator production. It spreads in the surroundings, leaving the local activator elevation not
completely compensated. Thus, the local activator concentration will increase further while
the surplus of inhibitor down-regulates the activator at larger distances. A stable patterned
steady state is reached when a local activator maximum is in a dynamic equilibrium with the
surrounding cloud of the inhibitor (Figure 2). The activator maximum has all the properties
known in the literature for an organizing region. Thus, pattern formation depends critically
on this particular communication between the cells. Although diffusion of the signaling
molecules between the cells is a good approximation, the real process may be more complex.
Both the more localized activator and the more smoothly distributed inhibitor can be used
as a signal to instruct the cells. At the time the theory was proposed (1972), activatorinhibitor systems were completely hypothetical. Since then several systems have been found
that correspond to this scheme [6, 7, 8, 9, 10].
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Figure 2: A prototype of a pattern-forming reaction: the activator-inhibitor interaction [3]. (a) A
molecule —called the activator— that has a positive feedback on its own production (Equation 1).
The activator also catalyses a more rapidly diffusing antagonist, the inhibitor. (b) In a larger area
a homogeneous distribution of both substances is unstable; a minute elevation will grow further.
The concomitantly produced inhibitor leads to a new patterned stable steady state. (c) Whenever
in a growing field a certain size is exceeded, a high activator concentration emerges at a marginal
position. The two antipodal positions become exposed to different signal concentrations although
the genetic information is the same in all cells. The pattern is self-regulating; after removal of the
region in which the activator is produced (arrow), the remnant inhibitor fades away and a new region
of high activator production forms in the remaining field. Pattern was initiated by small random
fluctuations in the ability to perform the patter-forming reaction (ρ in Equation 1)

4. An equation for a pattern-forming reaction
The following set of equations describes the local change of the activator a(x) and inhibitor
concentration h(x) per time unit [3], for simplicity written here for a one-dimensional array
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of cells:
∂2a
∂a
ρa2 + ρa
=
− µa + Da 2
∂t
h
∂x
2
∂h
∂
h
= ρa2 − νh + Dh 2
∂t
∂x

(3.1)
(3.2)

Such equations are easy to read. Equation 1a states that the concentration change of the
activator a per unit time (∂a/∂t) is proportional to a non-linear autocatalytic production
term (a2 ). The autocatalysis is slowed down by the action of the inhibitor (1/h). The second
term, −µa describes the degradation; the number of activator molecules that disappear per
time unit is proportional to the number of activator molecules present (like the number of
people dying per year in a city is on average proportional to the number of inhabitants). The
autocatalysis must be non-linear (a2 ) since the production must overcome disappearance by
the normal (linear) decay (−µa). This condition is satisfied if the active component is not
the activator itself but if two activator molecules have to form a complex that resembles
the self-activating component, a so–called dimer. The predicted dimer formation has been
shown meanwhile for several pattern-forming reactions [9, 10]. The factor ρ describes the
general ability of the cells to perform the autocatalytic reaction. Its function is close to
what is described as competence in the literature. Slight asymmetries in the competence can
have a strong influence on the orientation of the emergent pattern (see Figure 4). The small
activator-independent activator production, ρa , is required to initiate the self-enhancement at
low activator levels, for instance during regeneration (Figure 2c). The concentration change of
a and h also depends on the exchange of molecules with neighboring cells. This exchange may
occur by simple diffusion; Da and Dh are the diffusion constants. However, other mechanisms
of spreading are possible as well. It is known, for instance, that cells extend very long and
thin filaments over several cell diameters [11].
Equation 1b can be read in an analogous manner. A necessary condition to enable spatial
pattern formation is that the inhibitor spreads more rapidly than the activator, i.e., the
condition Dh ≪ Da must be satisfied. In addition, the inhibitor must have a more rapid
turnover (ν > µ), otherwise the system will have the tendency to oscillate (see below).
The simulation Figure 2c shows that pattern formation becomes possible in growing fields
whenever a certain extension is exceeded. At this critical size the different diffusion rates
come into play. The first possible pattern is an activator maximum at a marginal position
since at the critical size space for only one slope is available. This is a most important
feature since in this way a polar pattern emerges; one end of the tissue becomes different
from the other – a crucial step in the generation of embryonic body axes. Monotonically
graded signals become available which allow a non–periodic activation of different genes at
different positions. Such a pattern formation is highly reproducible and does not depend
on details in the initial conditions. As it will be shown further below, it requires special
mechanism to maintain the polar pattern during further growth.
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Figure 3: Formation of periodic patters in a sheet of cells. (a) Smooth peaks emerge if the activator
shows some diffusion. (b) A non-diffusible activator leads to isolated maxima; some initially activated cells loose their activation in the course of time. (c) If the self-enhancement has an upper
limit, more cells can remain activated, although at a lower level; activated cells can appear at scattered positions. (d) Somewhat irregular stripes are formed if the activator diffuses moderately and
the self-enhancement saturates [3, 5, 6].

Periodic structures are formed in fields that are substantially larger than the range of the
inhibitor (Figure 3). Such patterns are required to initiate, for instance, hairs, feathers or
leaves. Very regular pattern are formed if the patterning occurs during growth. A new
maximum and thus a new structure will be inserted whenever the distance to the existing
maxima exceeds a critical measure.
In a pioneering paper, Alan Turing [12] showed already in 1952 that pattern formation is
possible by an interaction of two components with different diffusion rates. Such systems are
now collectively called reaction-diffusion systems, a term coined already by Turing himself.
However, most reactions in which two substances interact, have no pattern-forming capability
whatsoever, even if they spread with different rates. Pattern formation is possible if, and
only if, the condition given above is satisfied, i.e., if local self-enhancement and long-range
inhibition is involved. This condition is not inherent in Turing’s paper, although one can
show that his equation satisfies our condition [4, 13].

5. How to avoid supernumerary organizing regions
Embryos grow substantially but maintain nevertheless their polar character. If fields obtain
a size much larger than the range of the inhibitor, the formation of multiple maxima would
be expected. However, the formation of additional organizers would be a disaster since, for
instance, embryos with multiple heads or tails would result.
Nature found different strategies to avoid supernumerary organizers. One involves a feedback of the organizer on the ability of the tissue to perform the pattern-forming reaction,
the competence (ρ in Equation 1). Under this condition, with increasing distance from an
activator maximum, not only the inhibitor concentration but also the competence declines.
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Figure 4: Stabilizing a single organizing region in a growing field. (a) Pattern-forming reactions have
the tendency to generate periodic structures during growth. (b) A feedback of the generated pattern
on the competence, i.e., on the ability of the cell to perform the pattern-forming reaction (blue, ρ
in Equation 1), lowers dramatically the ability of distant cells to generate secondary maxima. (c)
The graded competence within a fragment orients the emerging pattern. (d) This model accounts for
the fact that fragments of the freshwater Hydra regenerate always with the original polarity; whether
cells of a fragment form the new head, a new foot, or remain body column depends on their relative
position [25, 26].

This makes the trigger of a new maximum much less likely and stabilizes the dominance of
the primary organizing region (Figure 4).
An analogy from social interaction may illustrate how such a stabilization of a single organizing region works. A president or any other figure in power usually has a strong tendency to
suppress others from taking over — a long-range inhibition. On the other hand, he promotes
individuals in his surroundings to obtain a higher ranking, to become ministers, etc. In this
way, the center of power generates a hierarchy. If the top position becomes vacant, due to
this non-uniformity that was building up in the course of time, a competition will commence
only between the few who have a high ranking in the hierarchy. Usually proximity to the former center is a strong advantage; someone more distant has a much reduced chance. Crucial
is that the competence, i.e., the ability to compete in this pattern-forming reaction, has a
much longer time constant compared with the time required to make the decision for the top
position. In the case of a vacancy, in the short time interval until a new ‘organizer’ is selected,
the ranking remains essentially unchanged. This example also illustrates what can happen
if the whole hierarchy collapsed, for instance, in a revolutionary situation. Many rivaling
centers and civil-war-like situations could emerge, with all their unpredictable consequences.
Taking together, a feedback of a pattern on the ability to perform the pattern-forming reaction
leads to a substantial stabilization of the resulting pattern, including that the pattern become
more size-independent. As it will be shown further below, also the opposite strategy is
used in nature. A negative feedback of a once established pattern on itself can lead to its
destabilization and thus to highly dynamic patterns that never reach a stable steady state.
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Figure 5: Model for the activation of several genes under the influence of a morphogen gradient. (a)
An analogy for detection of the highest level. Although the height of a flood can vary continuously,
the barrel can only come to rest at particular levels. A higher flood can lift the barrel to a higher
level; a lowering or a second lower flood has no effect. (b) The genes 1, 2, 3 and 4 are assumed
to have a positive feedback on their own activation. Due to a mutual competition only one of the
alternative genes can be active in a particular cell. Initially a default gene 1 is active everywhere.
Under the influence of the gradient, a switch to higher genes takes place. Each step requires a higher
signal concentration. Thus, the promotion comes to rest if the local concentration is insufficient to
activate a subsequent gene. Although the signal is smooth, sharply bordered regions emerge in which
a particular gene is active. The pattern of gene activity remains unchanged after a fading of the
signal, for instance, due to growth [5, 6].

6. Gene activation under control of a graded signaling molecule
The communication between neighboring cells by the exchange of molecules, for instance
by diffusion, is restricted to small sizes. For larger fields, communication by molecules that
spread by random walk would require too much time. Thus, signals generated at early stages
have to accomplish a position-specific, long-lasting determination of the cells. During further
growth, cells have to maintain the instructions their progenitors have received although the
evoking signals are no longer available. This requires stable gene activation, which can be
accomplished by a feedback of a gene product on the activation of its own gene. This mode
of activation leads to a switching behavior with sharp thresholds [5].
According to a classical model, several genes are activated in a position-specific manner by
a graded distribution of a single signaling substance. The local concentration of such a
morphogen is decisive for which of the genes becomes active in a particular cell. This leads to
the question of how cells can measure the local concentrations so precisely. At some levels,
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only a slightly higher concentration should cause the activation of a different gene without
any zone of transition.
Several observations in different systems can be accounted for by assuming that the cells
become stepwise and irreversibly ‘promoted’ under the influence of the morphogen. Figure 5
shows an analogy that illustrates the assumed mechanism together with a simulation. The
mechanism may be compared with people in a governmental job hierarchy. If the promotion
is stronger than the achieved level, they will make a further and discrete step uphill. In
contrast, if the promotion fades away, the achieved level is maintained. Thus, the cells
become determined according to the highest concentration to which they were exposed for
at least a certain period. This pattern of gene activity is maintained even if the signal fades
away, for instance, due to a growth-provoked increasing distance of the cells to the signal
source. Cells maintain their obtained gene activation independent of the signal.

7. Finer subdivsion of the developing embryo
The mechanisms described above provide an explanation only for early steps of development.
Mechanisms involved in the further subdivision can be summarized here only in a superficial
manner [6].
For the patterning of a higher organism the generation of two orthogonal axes, anteroposterior (head-to-tail) and dorsoventral (back-to-belly), is crucial. A cylinder-coordinate system
would be most appropriate for patterning a roughly tube-like organism. This requires a midline organizer that acts as a positional landmark for the dorsoventral axis. In vertebrates,
the spinal cord is a direct result of this midline organizer. Modeling revealed that the formation of a solitary signaling source with a long extension in anteroposterior orientation and
a very narrow extension perpendicular to it is a subtle pattern-forming problem. Signaling,
for instance by diffusion, spreads in all directions with the same rate. Thus, it is non-trivial
that a structure emerges that has very different extensions along the two main body axes.
Nature found very different solutions [17]. In vertebrates, for example, a moving organizer
leaves behind the midline, essentially similar to an airplane that leaves behind a narrow and
long-extended vapor trail.
Comparisons of gene expression patterns suggested that ancestral hydra-like, radial-symmetric
organisms with a single opening of the gastric cavity evolved into the brain of higher organism; the trunk is an evolutionary later invention [18]. As the rule, also during development
of individual animals, first the formation of the brain is initiated. The trunk is initiated at
later stages and becomes sequentially elongated until the tail is formed. For the generation
of insect segments it was predicted reactions are involved in which feedback loops exclude
each other locally but activate each other on a longer range [5]. Such an interaction enforces
a stable neighborhood of differently determined cell types. An arrangement in stripes is an
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especially preferred pattern since the long common border allows an efficient mutual stabilization. Such stripe-like gene activations are essentially the basis of the colored rings visible
on the abdominal segments of many insects. The segment polarity genes in Drosophila follow
this scheme [19, 6].
For the initiation of substructures such as legs and wings, modeling predicted that differentiation borders and especially their intersections play an important role [5, 20]. Regarding
an embryo as a cylinder, a border at a particular position along the anteroposterior axis circumvents the body in a belt-like manner. Together with a border half-way between the back
and belly side, two intersections of these borders are formed, one on the left and one on the
right side of the organism. Around these intersections, the coordinate systems for arms, legs
or wings are formed. The resulting pairs of structures have necessarily the correct position,
orientation in relation to the body axes and both have opposite handedness - nobody has
two left arms. The inner and the outer sides of our hands are different since they derived
from different sides of the organizing back-to-belly border.
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Figure 6: Netlike structures. (a-d) Natural examples: nerve cells in the brain of a fly (a), blood
vessels in a chicken embryo (b), trachea in insects (c) and the venation of a leaf (d). (e) Model [5, 27]:
long filaments can be formed in the wake of a shifting tip signal. A local signal (red), generated
by an activator-inhibitor system (see Figures 2 and 3), leads to by a switch-like activation of a
particular gene; causing differentiation of the corresponding cell (blue square; see Figure 5). Newly
differentiated cells become part of the net-like structure that removes a substrate (green) from the
surrounding cells. This leads to a shift of the signals towards a higher substrate levels, causing
the newly activated cells to differentiate too, and so on. A small baseline activator production in
the filaments can initiate lateral branches if sufficient substrate is available. (f) Splitting of the tip
signals can lead to bifurcations (see Figure 7). Alternative realizations include elongation of single
cells at the tips (as in nerve cells) or local proliferation of tip cells.
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Essential for higher organisms are filament-like branching structures, required to supply the
tissue with oxygen, nutrition, water and information. Although looking very complex, the
basic structure can be generated by a relatively simple mechanism (Figure 6). Local signals
induce the elongation of the filaments, which remove a substrate from the tissue. Since the
tip-forming signals depend on this substrate, the tip signals shifts towards higher substrate
concentrations, elongating the filaments. The filaments appear behind the moving signals
and extend into regions that need supply. Initiation of lateral branches or bifurcations at the
tips is correctly described.

'( )

'1 )
. / %$0 1 %" 2

. / %$0 1 %" 2

3 , 4 5, %, 6
# 7 ( # %21 %,

* $+
, -

* $+
, -

8& 9 $( $%" 2

! " # $%$" &

! " # $%$" &

Figure 7: Peak splitting in speciation and pattern formation. Speciation is proposed to be a patternforming process. The self-enhancing reproduction of creatures with a particular phenotype combined
with broader competitive effects causes that only particular phenotypes exist. A possibility for the
appearance of a new species is a splitting of an existing species without a preceding geographic
separation, the so–called sympatric speciation [14, 15]. This corresponds to a peak splitting in the
analogy of pattern formation and speciation. (a) In an activator-inhibitor system, saturation of the
self-enhancement (introduced by replacing a2 by a2 /(1 + κa2 ) in the production term of Equation 1).
Saturation, switched on at the time indicated by the arrow leads to a broadening of a peak. Cells at
the flanks are then in a better situation than those at the center since they can dump the inhibitor
more easily into the non-activated neighborhood. Cells at the center may become de-activated; the
two resulting peaks drift away from each other. (b) Split of a maximum in an activator-depleted
substrate model in a growing field [6, 8, 22]. If the self-activation needs resources that are obtained
from the surrounding, a split can occur if the resources (here a substrate) can be obtained from
regions that enlarge due to growth. After the split, the maxima shift towards regions in which more
substrate is available.

8. Speciation as a pattern-forming process
There is not a continuous spectrum of birds from a sparrow to an eagle. The same general
principle, local self-enhancement and long-range inhibition seems to be relevant for keeping
species discrete. Formally, species can be described as peaks in a multidimensional parameter
space of possible phenotypes. The self-enhancing reproduction of species with a particular
phenotype combined with broader competitive effects leads to a sharpening of such peaks in
the landscape of pheno- and genotypes.
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Whether new species can arise without a preceding geographical separation was controversially discussed for long. Meanwhile, however, examples have been observed [14]. Theoretical considerations suggested that under certain conditions a so–called sympatric speciation
should be possible [15]. In terms of the parallels between speciation and pattern formation,
sympatric speciation would correspond to the splitting of a single peak into two. This is nontrivial since from the long-ranging inhibition a sharpening of the distributions is expected.
However, peak splitting is also an important process in several pattern-forming processes.
During lung development, for instance, local maxima specify the tip of a growing branch. If
sufficient space is available, such peaks can split, causing a bifurcation of a branch, a process of obvious importance to generate the complex branching tree of a lung [16]. (see also
Figure 6). The mechanism that leads to peak splitting is described in Figure 7.
Taking together, splitting of concentration peaks in the real space during development and
splitting of a species into two can be regarded as two formally analogous processes: Sharpening due to self-activation and long-ranging antagonistic effects, and flattening of distributions
due to limitations in the self-enhancement, eventually followed by a deactivation at the centers.

9. Pattern formation in time
The pulsing heart or the firing of nerve cells exemplify that pattern formation in time is
likewise a very important element in the development of a higher organism. Remarkably, the
same reaction types used above to account for the generation of stable patterns in space are
also able to account for oscillating or pulsing patterns. An everyday example should illustrate
the situation. The infection with few viruses is sufficient to initiate, for instance, a flu. A
virus infection shows clearly the feature of self-activation as mentioned above. Initially the
viruses proliferate in an avalanche-like fashion. As a rule, it takes about two days to become
sick. The immune system acts as an antagonistic reaction. However, the action of the immune
system takes more time, about a week to get rid of the virus. More generally speaking, a
way to obtain oscillating systems or systems that show a burst-like activation consists of a
self-enhancing reaction that is antagonized by a reaction that has a longer time constant.
Also the ups and downs of the economy or the stock market have clearly this origin. An
upswing is a self-enhancing process: if the economy flourishes, others are more willing to
make further investments. However, after a while, counteracting elements such as market
saturations etc. become more and more important until the boom collapses.

10. The pigment pattern on the shells of tropical mollusks: a natural
picture book to study pattern formation in space and time
The pigment patterns on the shells of tropical mollusks are a most interesting system in which
a diversity of such patterns can be studied [21, 22]. Mollusks can enlarge their shells only
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Figure 8: Elementary patterns and their counterpart in pigmentation
patterns
on shells of mollusks.
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Mollusks enlarge their shells only at the margin of the shell
when
also
the
pigment
is inserted. The
, )- $ .
two-dimensional pigment patterns preserve, therefore, a time record of a one-dimensional pattern
/ 0 * ) 1 2 * ' 3 result if the antagonistic
4+ 5 )6 )*' 3
that was generated along the growing edge. (a, d) Stable patterns
reaction
spreads more rapidly than the activator and has a sorter time constant (see Figures 2 and 3). On
shells this leads to stripes parallel to the direction of growth. (b ,e)
A longer time constant of the
4+ 5 )6 )*' 3
antagonist leads to oscillations. Some spread of the activator leads to the synchronization of the
individual oscillators. In the time record, this leads to stripes parallel to the growing edge. (c,
f) If the activator spreads slowly but the antagonist is cell-local, travelling waves may result; one
activated cell infects the next. On the shells this leads to oblique lines. The annihilation of two
waves upon collision leads in the time record to the V-like pattern elements; a reversed V indicates
a spontaneous trigger [21, 22].

at the growing edge. As a rule, only there is the pigment inserted. Thus, pigment patterns
are natural time records of a one-dimensional pattern-forming process. Like in weaving of
a carpet, new the pattern elements are added line by line. Observing a particular line on
the shell, i.e., the pattern on a particular moment, one can see what happened in the past
and what will happen in the future. Obviously there was no strong selective pressure for the
formation of a particular pattern - nature was able to play. An enormous diversity of patterns
evolved. Examples of elementary patterns based on stable patterning, on global oscillations,
and on travelling waves are shown in Figure 8; more intricate patterns follow in Figure 9.
In an activator-inhibitor system the activation will oscillate if the inhibitor reacts too slowly
upon a change in the activator concentration. This is the case if the removal rate of the
inhibitor is lower than that of the activator, i.e., if ν < µ in Equation 1. As shown in Fig
8b, this leads to burst-like activations. If sufficient inhibitor has accumulated, the activation
breaks down. The remnant inhibitor decays during a refractory period until a new trigger is
possible.
The actual patterns generated under these conditions also depend on the spread of the com-
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ponents. If the activation spreads rapidly, more or less synchronous oscillations will occur
(Figure 8b). In contrast, if the self-enhancing component spreads slowly while the antagonistic reaction is local, travelling waves can result (Figure 8c). Such a wave-like spreading
is well-known. A wave of influenza infections can sweep over a country. The formation of
a fire front in a forest fire also has this origin. Characteristic is that such waves annihilate
each other upon a collision. A wave cannot enter in a region that became refractory due to
the counter wave.
!" #

!) #
$ %& ' (

Figure 9: Pattern on two tropical sea shells and their simulations based ont the superposition of two
patterning systems. (a) The pigment reaction in Conus marmoreus is assumed to be controlled by
an ON-OFF pattern-forming system. It slowly expands in the course of time. In the time record
this leads to the black triangles. After a certain ON-period, a second reaction is triggered that
extinguishes the first (red in the simulation, not visible on the shell), causing the beginning of the
white drop-like pattern. The activation of the pigment production survives at the margins, from
which the activation spreads again in both directions, causing a subsequent black triangle, and so
on. (b) For the patterning on Clithon oualaniensis it is assumed that the cells along the growing
edge are usually in a stable steady state (grey background). It provides the precondition for an
almost synchronous oscillation of a second system (black stripes). A feedback of the oscillation
onto the steady state reaction is required to maintain the high steady state. After some oscillations,
the system becomes exhausted; the next pulse comes too late for refreshing. The cells switch into
a low steady state level and the oscillations stop (white tongue-like pattern). The required steady
state pattern becomes restored from unaffected areas (oblique lines). Afterwards the synchronous
oscillations proceed for a while until the next breakdown occurs at another position.

11. Destabilization of recently established patterns
Very interesting patterns result if maxima become quenched shortly after their generation.
This requires two antagonistic reactions; a long-ranging, fast-reacting component to generate
a pattern in space and a longer-lasting, short-ranging antagonistic reaction that accomplishes
the quenching. Reactions of this type lead to highly dynamic patterns that never reach a
steady state. Since minute differences have a strong influence on the newly-generated pattern,
these systems can display a chaotic behavior that never repeats. Figure 9 shows two examples
of pattern formation on sea shells. In Conus marmoreus (Figure 9a) the pigment-producing
reaction spreads moderately. After a while, a second extinguishing reaction is triggered
that stops the first. Although this reaction looks somewhat exotic, the initiation, spread
and termination of blood coagulation in vertebrates has a similar base. A leakage of blood
from a vessel triggers a wave of coagulation, as it is required to seal rapidly also a large
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wound. To make sure that the blood of the entire body does not coagulate, this reaction
prepares a second reaction that triggers with some delay, spreads more rapidly and stops the
coagulation. Both effects together lead to the rapid formation of a large blood cloth that
remains, nevertheless, spatially restricted.
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Figure 10: Highly dynamic patterning in a single cell to allow a sensitive chemotactic orientation.
(a) Cells can protrude extension towards a signaling source. With growth cones, nerves cells have
a special sensory device to detect orienting cues for orienting their extensions. (b) Model: isolated
signals for pseudopod formation (green) are generated by a saturating self-enhancing reaction together
with an inhibition that covers the whole cell (not shown). Maxima appear preferentially at the side
where the guiding signal is higher (blue, the highest level is indicated by an arrow). A second
antagonistic component (pink) quenches the signal locally after a certain time interval. Thus,
signals for pseudopods appear and disappear permanently at the cell surface, preferentially at the
side that has an advantage due to the external signal. (c) Although the guiding asymmetry is minute,
after a change in the direction of the guiding signal, the internal signals emerge at the new high
side. The generation and removal of local signals at the cell cortex continues even in the absence of
an external signal [21, 24].

A pattern, once generated, can react in several ways on a local quenching. Either maxima
shift to an adjacent position at which the quenching is still low. Repeating such shifts leads
to wave formation. Such waves can emerge spontaneously and do not require a pacemaker
for their initiation. Alternatively, maxima may collapse and other maxima appear instead at
other and more distant positions.
It turned out that these types of reactions are frequently observed in very different developmental situations. Examples are the out-of phase oscillation in the bacterium E.coli to find
the center of the cell for initiating cell division at the appropriate position [23], the generation
of travelling waves that separate the barbs of avian feathers from each other and the generation of highly dynamic signals at the membrane of chemotactic cells to form protrusions
for moving towards a target region [24]. In the latter case, the ongoing disappearance of
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maxima soon after their establishment allows that new peaks emerge continuously. Small
external asymmetries can direct where the new protrusions appear. The cells maintain their
extreme sensitivity to external signaling since they can strongly amplify minute differences
without being trapped by a primary decision. In this way, the cells can orient their movement
towards a target region (Figure 10). Recently it has been shown that yeast cells use the same
mechanism —generation of a pattern with subsequent local quenching— to detect minute
pheromone differences for elongating protrusion towards cells of the other mating type [28].

12. Our fantasy or our dreams - based on pattern-forming systems
that change permanently due to destabilization?
In the examples given above, the activity patterns change all the time and continue with this
dynamic remodeling even in the absence of any signal from the outside. The highly dynamic,
possibly chaotic behavior is an intrinsic property of the system. And yet, the patterns can
be highly sensitive to external influences.
Presumably the generation of patterns by self-organizing systems is also relevant for understanding the flow of our conscious experience in time. Our nightly dreaming may be an
analogous self-organizing process on a much higher level. Certainly, our dreaming has roots
in what we have experienced but then it proceeds in an autonomous manner. At a certain
state, our brain generates a subsequent one, and so on, leading to a sequence of states that
we interpret as pictures. Usually, this proceeds without additional inputs from the outside.
The course of a dream is most likely unpredictable in principle. Even if we would have all
possible data about the initial condition of the brain, minute differences that build up during
the process are presumably sufficient to cause a completely different course in time.
Obviously, our brain is able to extrapolate from a certain state to the next, giving rise to a
series of self-organized patterns. If we are awake, this ability must be carefully controlled,
otherwise we would not have a realistic view of the world; we would hear voices or would see
things that are not there, as it is the case in a dream. Presumably, however, the ability of our
brain to extrapolate a situation is a most important feature also if we are awake. It allows us
to make predictions of what will happen if we assume a particular starting situation, pleasing
or frightening. We extrapolate from one situation to the next and generate in this way a
hypothetical causal chain of events. Considering the outcome of this chain of brain-generated
hypothetical patterns allows us to make a decision in the actual situation.
The ability of our brain for a self-organizing interpolation is presumably also important in
another context. The precision of our memory, for instance, for the record of a building, a
face or a landscape is restricted. Most remarkable, this is not frightening in our subjective
experience. We have the feeling that we remember quite a lot. Only if we try to make a
drawing or try to describe the scene in more details, we realize how little we really remember.
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The self-organization of our brain paints into our picture those parts that we actually don’t
remember. By filling these gaps we don’t feel them.
Understanding something as complex as consciousness is certainly a most challenging topic.
The study of much simpler systems that display a highly dynamic behavior as given in Figsures 9 and 10 can provide insights of how ever changing complex patterns can be generated
that are sensitive to external cues but that are progressing also in their absence.

13. Conclusion
The complex pattering that leads to formation of a higher organism can be separated into
elementary steps. Many such steps have to be linked to each other; each provides the precondition and the spatial asymmetries to initiate the next process in a reliable way. Each
of these steps depends on biochemical reactions that require time for their completion. Several of these reactions have a strong capability of self-regulation including regeneration of
lost parts. Pattern formation requires non-linear self-enhancing components balanced by
antagonistic reactions of longer range. An additional positive feedback leads to very stable
patterning that can adapt to different field sizes (Figure 4). In contrast, destabilization with
some time lag can lead to ever changing patterns that can be unpredictable in the details
but highly sensitive to external signals (Figsures 9 and 10). As in other branches of science,
mathematical formulation combined with computer simulation provides a substantial help
to understand these complex but vitally important processes.
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Abstract
The arrow of time is often conflated with the popular but hopelessly muddled concept of the “flow”
or “passage” of time. I argue that the latter is at best an illusion with its roots in neuroscience, at
worst a meaningless concept. However, what is beyond dispute is that physical states of the universe
evolve in time with an objective and readily-observable directionality. The ultimate origin of this
asymmetry in time, which is most famously captured by the second law of thermodynamics and the
irreversible rise of entropy, rests with cosmology and the state of the universe at its origin. I trace
the various physical processes that contribute to the growth of entropy, and conclude that gravitation
holds the key to providing a comprehensive explanation of the elusive arrow.

1. Time’s arrow versus the flow of time
The subject of time’s arrow is bedeviled by ambiguous or poor terminology and the conflation of concepts. Therefore I shall begin my essay by carefully defining terms. First an
uncontentious statement: the states of the physical universe are observed to be distributed
asymmetrically with respect to the time dimension (see, for example, Refs. [1, 2, 3, 4]). A
simple example is provided by an earthquake: the ground shakes and buildings fall down.
We would not expect to see the reverse sequence, in which shaking ground results in the
assembly of a building from a heap of rubble. In daily life we are surrounded by such
temporally-directed processes. It is merely necessary to play a movie of an everyday scene
backwards —it immediately looks preposterous— to see how pervasive the directionality of
physical processes in time is.
It is conventional to refer to the asymmetry of physical processes (sequences of states) in
time by attaching an arrow to the sequence: “the arrow of time”. Already there is a semantic
trap lurking to confuse us. Note carefully that I have been referring to directed sequences of
physical states in time, yet the common terminology is to assign an arrow of time (see, for
example, Ref. [5]). This is seriously misleading. The arrow is a property of the sequence of
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physical states in time, not a property of time itself; it is a property of the world in relation to
the time dimension. In this respect it is little different from the case of dimensions of space.
Consider the spin of the Earth, which also defines an asymmetry – between north and south.
We sometimes denote that by an arrow too: a compass needle points north, and on a map it
is conventional to show an arrow pointing north. We would never dream of saying, however,
that Earth’s north-south asymmetry (or arrow on a map) is an arrow of space. Space cares
nothing for the spinning Earth. Similarly, time cares nothing for buildings falling down or
rising up. Mathematically this is straightforward: perform a parity inversion of space and
you would transpose Earth’s north and south poles. Reverse the sign of time (t → −t) and
buildings would rise up. But these are heuristic tricks: we cannot physically reverse the
parity of space or time.
There is now a second, more stubborn, misconception that I must deal with. This concerns
the so-called flow or passage of time, about which much has been written by philosophers [6,
7, 8, 9]. In popular parlance one often describes time as flowing or passing. To add to the
confusion, the arrow of time is sometimes identified with this flux or passage, with the arrow
pointing in the “direction” that time is moving (i.e. towards the future). Note that this
terminology conflates two arrow metaphors. One is the use of an arrow to indicate spatial
orientation (as in a compass needle) and the other is the comparison with an arrow in flight,
symbolizing directed motion.
The attribution of movement as a property of time is readily exposed as incoherent. Movement describes the change of state of something (e.g. the position of a ball) from one time
t1 to a later time t2 . Time itself cannot “move” unless there was a second time dimension
relative to which its motion could be judged. The question, “how fast does time pass?” has
only the trivial answer “one second per second” – in effect, a tautology. To meaningfully
ascribe a motion or rate of passage to time one would have to ask, how could you tell if that
rate changed? What would be observably different about the world if time sped up or slowed
down? Of course we can readily envisage human perceptions of events in time speeding up
or slowing down, as when we watch action replays in sport, but this corresponds to a world
in which the rate of brain/mental processes remains unchanged while the rate of everything
else is changed.
There is no instrument that can measure the flow of time. Occasionally commentators will
claim that a clock measures time’s passage, but it doesn’t. A clock measures intervals of time
between events. It does this by correlating the position of the clock hand with a state of the
world (e.g. the position of a ball, the mental state of an observer). Informal descriptions
like “gravity slows time” and “time runs faster in space than on Earth” fuel the confusion.
What these statements mean is that the hands of clocks in space rotate slower relative to the
hands of identical clocks on Earth. One tests this by comparing clock spatial configurations.
The most abusive terminology of all is talk about “time running backwards”. Time doesn’t
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“run” at all; the statement actually refers to the possible reversal in (unchanged) time of the
normal directional sequence of physical states, e.g. rubble being assembled into buildings. It
is not time itself, but the sequence of states, which “goes backwards.”
All this has been pointed out by philosophers for over a century, but the river of time
metaphor is so powerful that normal discourse is very hard without lapsing into it. Hard, but
not impossible. Every statement about the world that makes reference to the passage of time
can be replaced by a more cumbersome statement that makes no reference whatever to time’s
passage, but merely correlates states of the world at various moments to brain/mind states
at those same moments. Consider for example the statement “With great anticipation we
watched enthralled as the sun set over the ocean at 6 pm.” Exactly the same observable facts
can be conveyed by the ungainly statement: “The clock configuration 5:50 pm correlates with
the sun above the horizon and the observers’ brain/mental state being one of anticipation;
the clock configuration 6:10 pm correlates with the sun being below the horizon and the
observers’ brain/mental state being one of enthrallment.”
Nevertheless, it is undeniable that we possess a very strong psychological impression that our
awareness is being swept along on an unstoppable current of time. It is perfectly legitimate
to seek a scientific explanation for the feeling that time passes. The explanation of this
familiar psychological flux is, in my view, to be found in neuroscience, not in physics. A
rough analogy is with dizziness. Twirl around a few times and suddenly stop; you will be
left with a strong impression that the world is rotating about you, even though it clearly
isn’t. The explanation can be traced to processes in the inner ear and brain. The feeling of
continuing rotation is an illusion. In the same way, I submit, the sense of the motion of time
is an illusion, presumably connected in some way to the manner in which memories are laid
down in the brain.
Before I leave the topic of the (illusory) flux of time, let me deal with a final misconception
which crops up a lot. The assertion that the flux of time is non-existent is often mistaken
for the statement that time itself is non-existent. That is as silly as saying that if a ball is
stationary, then space does not exist. Of course time exists. We measure intervals of time
with clocks, just like we measure intervals of space with rulers. Furthermore, not only do
intervals of time exist, moments of time can be ordered by inspecting sequences of physical
states. There is a clear directionality to this order – an arrow of time – used in this case
(correctly) in the sense that one can symbolically attach an arrow to a directed sequence
of physical states such as buildings falling down. This property (of being able to attach an
arrow) is a property of states of the world in relation to time. It is not a property of time.
Given that there is, then, a genuine property of the physical universe – an arrow of time in
the manner I have described – it is natural to seek an explanation for its origin. So where
does this arrow “come from”?
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2. Entropy and the second law
The systematic study of the arrow of time began in earnest in the mid-nineteenth century
with the development of thermodynamics and statistical mechanics. (A good introduction
to the subject of thermodynamics can be found in Ref. [10]). A simple illustration of the
arrow of time is to imagine an impenetrable rigid box divided by a barrier. On one side
of the barrier is gas A, on the other side gas B. The barrier is then removed, and the two
gases intermingle as their molecules, rushing around chaotically, collide randomly. After a
time the two gases are homogeneously mixed. We would not expect the reverse sequence of
events, in which two thoroughly mixed gases spontaneously separate themselves and retreat
to opposite ends of a box. The mixing process thus provides a clear example of the arrow of
time. A variant on the above experiment is if the gases were the same type but with different
temperatures. When the barrier is removed, heat flows from the hotter gas to the cooler gas.
The mechanism is well-understood: the molecules of the hotter gas on average move faster, so
in collisions with the slower-moving molecules of the cooler gas, kinetic energy is transferred
from the faster to the slower molecules. The process continues until a uniform temperature is
attained throughout the gas, a state corresponding to thermodynamic equilibrium, in which
there is no net energy exchange on average.
The foregoing irreversible activities of the gases can be described by defining a quantity
called entropy, which (roughly speaking) is the measure of disorder in the gas. The initial
conditions (unmixed gases or heat unevenly divided) clearly describe a more ordered state
of the molecules than the final state of uniformity. The irreversible trend that follows the
removal of the barrier may then be described as “a rise in the entropy of the gas.” This
sequence of events is captured by the so-called second law of thermodynamics, which affirms
that, in a closed system (such as a box of gas), entropy cannot fall. For example, heat
cannot flow spontaneously from a hot region of gas to a cold region of gas. (The word
“spontaneously” here is important; a heat pump can transfer heat from cold to hot regions,
as it does in a refrigerator, but only by doing work and expending energy, which itself drives
up the entropy of the world by more than the transfer of the heat lowers it.) It follows that
the state of thermodynamic equilibrium is one of maximum entropy.
Following its formulation in the mid-nineteenth century, the second law of thermodynamics
soon found wide application not just in physics but in astronomy, chemistry, biology and
engineering too. In fact, (almost) wherever an arrow of time is observed, the second law of
thermodynamics is manifested. The one known exception refers to some processes in particle
physics (such as the decay of the kaon) driven by the weak interaction, which display a slight
difference in rate between the forward and backward directions. This small but important
violation of time-reversal symmetry in particle physics does not have a direct bearing on the
arguments I am presenting here. But where does the second law of thermodynamics come
from? Physicists of the nineteenth century, notably Ludwig Boltzmann and James Clerk
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Maxwell, set about deriving the second law of thermodynamics, at least in the simple case
of a box of gas, by considering the mechanics of the gas’s individual constituent molecules.
Boltzmann studied what would happen to a collection of molecules confined to a rigid container, obeying Newton’s laws of mechanics as they rushed around, colliding with each other
and with the walls of the box. He was indeed able to prove mathematically by averaging the
behavior of a large numbers of molecules that, if the gas was in a less-than-maximum entropy
state, then the effects of the molecular collisions would be to bring about a subsequent rise
in entropy.
This result was satisfactory and seemed to provide a sound basis for the second law. However,
it soon became obvious that there was a problem. The laws of Newtonian mechanics to which
Boltzmann appealed to describe the motion of the molecules are time reversal symmetric:
they have no time direction built in. Thus any given molecular collision is reversible: run
the molecules’ trajectories backwards and they will go back to their starting configurations.
In principle, if one could reverse all molecular motions simultaneously then two thoroughly
mixed gases could spontaneously un-mix and retreat to opposite ends of a box. Furthermore, the French mathematical physicist Henri Poincaré was able to prove that, given long
enough, precisely such an un-mixing process will happen [11]. In fact, under a wide range of
circumstances, a closed box of gas containing molecules obeying Newtonian mechanics will
re-visit (to within arbitrary closeness) any given physically permissible state, including any
low-entropy starting state, and do so a limitless number of times. These so-called Poincaré
recurrences take, however, a stupendous amount of time. For a few grams of air trapped
in a box, one would have to wait far longer than the age of the universe for the nitrogen
and oxygen to un-mix and cluster at opposite ends of the box. Although these early formal
analyses referred to simple molecules confined to a box, the broad conclusions carried over
to all subsequent generalizations encompassing almost all physical phenomena. The second
law of thermodynamics, inevitably arising from the statistical redistribution among many
component parts from more to less ordered arrangements, is widely regarded as the most
pervasive and most firmly-entrenched law of nature [10].
Although reversing trillions of molecules simultaneously is impracticable, and nobody can
wait long enough to ever witness a familiar thermodynamic process running backwards, these
nineteenth century mathematical analyses served to point up that the arrow of time is not
intrinsic to the system itself (e.g. a box of gas), or to the laws that govern its evolution.
Rather, the origin of the arrow of time resides in the initial conditions. If a system such
as a box of gas starts out in a relatively well-ordered (low entropy) state, such as with the
two gases spatially separated, then with high probability the system will subsequently evolve
to a less ordered state. This principle – of the trend from order to disorder – describes all
everyday experiences of the arrow of time (such as ordered buildings collapsing to disordered
rubble).
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A simple illustration involves a pack of cards. Imagine opening the box of a new pack, with
the cards arranged neatly in suit and numerical order. If the cards are shuffled randomly
then the pack is overwhelmingly likely to be less ordered afterwards. The arrow of time
in this case clearly arises from the fact that the pack started out in a very special ordered
state. The second law of thermodynamics is thus seen to be merely a statistical trend, not
an absolute law. As a result, there is always a probability, albeit exceedingly small, that the
law will be violated and the entropy will fall: there is a tiny, but non-zero, probability that
random shuffling of cards will transform a jumbled sequence into suit and numerical order.
Likewise, Poincaré’s recurrence theorem ensures that, sooner or later, the entropy of a gas is
bound to go down, against the strictures of the second law of thermodynamics.
The principle of order giving way to disorder also describes the arrow of time on a grander
scale. In our cosmic neighbourhood the most conspicuous example of the second law of thermodynamics is the flow of heat from the sun into the cold depths of space. The energy locked
up in the sun in the form of hydrogen nuclei gets converted, via thermonuclear reactions, into
photons. For each hydrogen nucleus fused, millions of photons flow from the solar surface
into the far reaches of the universe never to return, a striking example of ordered energy
(concentrated in a proton) being converted to less ordered energy (many photons scattered
throughout space). The same general process is also happening across the universe as stars
burn through their stock of nuclear fuel and eventually die, forming either white dwarfs,
neutron starts or black holes. Thus the entire universe is on a one-way slide from order to
disorder, from low entropy to high entropy. When this basic fact was realized in the mid
nineteenth century, Hermann von Helmholtz and Lord Kelvin (William Thompson) referred
to it as “the heat death of the universe” [12].
The fact that the entire cosmos seems to be doomed by the second law of thermodynamics,
even though the time scales for decay and degeneration are vast, has exercised a profound
effect on some philosophers and scientists. For example, Bertand Russell wrote in support of
atheism [13],
[...] that all the labours of the ages, all the devotion, all the inspiration, all the noonday
brightness of human genius, are destined to extinction in the vast death of the solar
system, and that the whole temple of Man’s achievement must inevitably be buried beneath
the debris of a universe in ruins – all these things, if not quite beyond dispute, are yet so
nearly certain that no philosophy which rejects them can hope to stand [...] Only within
the scaffolding of these truths, only on the firm foundation of unyielding despair, can the
soul’s habitation henceforth be safely built.

3. The initial state of the universe
If the source of the arrow of time lies with initial conditions, then when applying the second
law of thermodynamics to the universe as a whole we must consider the state of the universe
at the time of its origin in a Big Bang. We expect that the state of the early universe should

52

Volume 7

The arrow of time

Summer 2014

have had a lower value of its entropy than the present state. But at first sight there seems
to be a paradox. Measurements, such as those performed by the European Space Agency’s
Planck satellite, indicate that the early universe was in a state close to maximum entropy,
with matter and heat radiation spread smoothly through space in thermodynamic equilibrium
at a common (very high) temperature. Indeed, the spectrum of the heat radiation left over
from the Big Bang tracks the textbook form for radiation in thermodynamic equilibrium
with matter (the so-called Planck spectrum) to an unprecedented level of accuracy. But if
the universe began in equilibrium, why is it now in disequilibrium, when the second law of
thermodynamics demands the opposite trend?
The answer lies with the nature of gravitation [2]. Let us return to the box of gas example.
Imagine that the initial state consists of high-temperature hydrogen gas concentrated in a
blob near the centre of the box. This low-entropy, ordered state soon disappears as the
gas explodes outwards into the vacuum around it and fills the box at uniform density and
maximum entropy. In accordance with the second law of thermodynamics we would not
expect to encounter a box of gas uniformly filled in which the gas suddenly and spontaneously
imploded to the middle. Now imagine that this set-up is scaled up to astronomical dimensions,
so that the gravitational effects of the gas cannot be neglected. Our expectations are now
very different. It would be no surprise to observe that a large distended cloud of gas shrinks
towards the middle of the cloud. In fact, that is precisely our understanding of how stars
form from giant molecular clouds distributed around the galaxy. Thus, whereas uniformity
characterizes high-entropy states when gravitation is negligible, heterogeneity, or clumpiness,
is the high-entropy state of gravitating systems. Viewed in this light the early universe,
with its smooth distribution of matter and radiation, was a high entropy state of the matter
and radiation degrees of freedom, but a low-entropy (close to minimum in fact) state of
the gravitational degrees of freedom. As the universe expanded and cooled, the degree of
clumpiness across the universe became amplified, elevating the gravitational entropy and
complexifying the structure of the gravitational field, but at the same time driving the matter
and radiation out of equilibrium. We now find ourselves in a typical cosmic location, living
close to a concentrated gravitationally-bound ball of hot gas surrounded by cold empty space:
the sun and its environs sits at a less-than-maximum matter/radiation entropy state as a
trade-off for the less-than-minimum entropy of the solar system’s gravitational configuration.
(This trade-off is not, however, a zero sum game. Overall, the entropy has gone up.)
The sun’s gravitational entropy is not, however, anywhere close to its maximum. Stars avoid
further shrinkage under their gravitational self-attraction only by virtue of their internal
heat, a situation sustained by the thermonuclear energy generation in their cores. When the
fuel runs out the stars shrink, either slowly, or sometimes catastrophically. The ultimate end
state of this process is a black hole, corresponding to a totally imploded object. If a black
hole were totally black, i.e. possessing zero temperature, then its entropy would be infinite
(one measure of entropy is heat energy divided by temperature). However, in 1975 Stephen
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Hawking, drawing on earlier work by Jacob Bekenstein, showed how quantum mechanics
bestows a finite temperature on black holes, enabling a precise value to be assigned to the
entropy of a black hole of given mass, electric charge and angular momentum [14, 15]. In the
case of a solar mass black hole this entropy is about 1018 times greater than the entropy of
the sun, which dramatically illustrates how far the sun’s gravitational configuration is from
its maximum entropy state.
Using the Bekenstein-Hawking formula for the entropy of a black hole, Roger Penrose estimated how far the gravitational state of the early universe is from the maximum value [16].
The current entropy is about 10100 kB (where kB , the units of entropy, is known as Boltzmann’s constant). At the epoch (about four hundred thousand years after the Big Bang) to
which the measurements of the Planck satellite pertain, the entropy was much lower – about
1090 kB . But the maximum possible entropy of the universe is about 10123 kB . So the entropy
at the current epoch, despite its enormous growth in the last 13 billion years, nevertheless
remains exceedingly small (10−23 ) relative to the maximum value [17].

4. The origin of the arrow
We are thus left with a straightforward explanation for the arrow of time. The universe started
out in a low-entropy gravitational state and a high-entropy matter/radiation state. As the
universe evolved, the entropy of the gravitational field rose, and in return a thermodynamic
disequilibrium was established in the matter and radiation degrees of freedom. The latter
disequilibrium, exemplified by the heat gradient around the sun, drives most of the familiar
everyday entropy-generating, arrow-of-time-manifesting processes we observe on and near
Earth. This process has a long way to run before the universe reaches the modern equivalent
of the nineteenth century heat death (maximum entropy). But this simple summary glosses
over many details, such as:

1. The ultimate fate of the universe is by no means certain. Current evidence favors a
universe dominated by “dark energy” – a type of vacuum energy that anti-gravitates,
and so, unlike normal gravitational attraction that pulls matter into clumps, it pushes
matter out towards less inhomogeneous states. Eventually the smoothing out may
dominate the pulling in.
2. There is no general definition of the entropy of the gravitational field that incorporates
black holes, dark energy and various states of matter, so the foregoing account in terms
of gravitational entropy must be regarded as informal and non-rigorous.
3. The story of the universe from 400,000 years onward, which I have sketched, leaves out
the complexities of the entropy story in the period from the moment of the Big Bang
up to 400,000 years. This includes interactions with other players, such as neutrinos
and supermassive particles that may have dominated the state of the universe before
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10–34 s. The “entropy story” of the universe during the first split second is a work in
progress, but certainly involved at least one epoch of non-equilibrium, during which
the (small) asymmetry between matter and antimatter was established.

The main item of unfinished business is the origin of the gravitationally smooth, low-entropy
state of the early universe. To explain the arrow of time I have appealed to very special
cosmological initial conditions; how does one explain those initial conditions?
There is no agreed answer to the question of why, or how, the universe we know emerged
from the Big Bang in a gravitationally low-entropy state. I shall mention just three possible
answers. The first is to simply accept the initial conditions as a brute fact, in much the
same way that most physicists accept the laws of physics as brute facts; they do not seek
an explanation. The second answer is to appeal to a physical process known as inflation,
which is the current standard account of the very early universe. According to the inflation
theory, just after the Big Bang the universe leapt in size (“inflated”) by a stupendous factor,
driven by a huge pulse of “antigravity” – or dark energy, as mentioned above, but overwhelmingly greater in strength, with the universe doubling in size in about 10–34 s. During
this inflationary phase, any prior irregularities in the distribution of matter and energy were
“stretched to oblivion”, ensuring that, when the universe exited this brief episode of frenetic
and accelerating expansion, it was rendered exceedingly smooth, a bit like a crinkly balloon
gets smoothed out as it is blown up. (For a popular account of the very early universe, see,
for example, Ref. [18].)
Inflation goes some way to explaining the low-entropy state of the early universe but it shifts
the question of the ultimate origin of the arrow of time back a step. Inflation is not an
episode of magic, but a physical mechanism that itself requires certain initial conditions.
(The details need not concern us.) So one may still ask why the universe began with the
inflationary mechanism primed for action. A possible way around this issue involves extending
the theory to what is known as eternal inflation [19]. In this picture a god’s-eye-view would
reveal inflation as having no beginning or end; it is the natural permanent state of cosmic
affairs. What happens is that “bubbles” of expanding, but non-inflating, space pop out of
this inflating superstructure randomly, each new bubble representing a Big Bang. Thus the
Big Bang that initiated our universe is just one of an infinite number of big bangs scattered
throughout ever-inflating space and time, each automatically smoothed by the preceding
inflation. It is then but a small step to time-reversing this entire story and imagining an
epoch in the arbitrarily far past in which the overall superstructure was contracting and
universes were blinking out in tiny bubbles instead of appearing. Overall, there is time
symmetry (as the symmetry of the underlying laws suggests), but any given bubble universe
has an arrow of time pointing away from its small bubble phase, with those at late times
pointing to what we call the future, those in the (very!) far past pointing toward what we call
the past. Universes are thus guaranteed to possess an arrow of time (and to start small and
55

Volume 7

The arrow of time

Summer 2014

grow bigger), but the direction of that arrow can be either way relative to other universes.
A different approach is to appeal to quantum cosmology, a subject created by John Wheeler
and Bryce DeWitt [20], and further developed by James Hartle and Stephen Hawking [21].
In applying quantum mechanics to the universe as a whole, one assigns a wave function to
represent the state of everything, including the gravitational field. In quantum mechanics
the wave function generally consists of a superposition of an infinite number of branches,
each branch representing a possible reality. Most quantum cosmologists accept the manyuniverses interpretation [22] according to which every branch possesses equal ontological
status, and so represents a complete cosmic history in its own right. Quantum cosmology
thus presents us with a description in which (generally infinitely) many universes co-exist
and develop alternative histories in parallel reality. Applying this description to the arrow
of time problem, it is simplest to restrict attention to universes that expand from a big
bang, attain a maximum size, and then re-contract to a big crunch. In this picture, the
wave function describing the entire ensemble of branches, or universe histories, evolves in a
unitary manner. That is a technical way of saying that there is no preferred time direction,
no change in entropy overall. However, within any particular branch the story is different.
Some branches will represent universes that start out in a low-entropy state at the Big Bang
and end up at a high entropy state at the big crunch (in the same branch), while others
will do the reverse – low entropy at the big crunch and high entropy at the Big Bang –
except that the arbitrary labels “bang” and “crunch” can readily be reversed to conform to
the convention that the arrow of time should always point away from the low entropy end
which one designates as the Big Bang. Any conscious beings, whose brain processes would be
embedded in the general directionality of the entropy increase, would perceive “the past” to
be the direction of the Big Bang. Yet overall, considering the entire assemblage of branches
(universes) there is no preferred directionality. It is also curious to consider that some very
rare branches would have low entropy at both ends (bang and crunch). In these universes
the arrow of time would reverse at some stage. Occasionally it is claimed that our universe
could be like this, but it seems likely that if it was we would notice [23].
The explanations for the origin of the arrow of time briefly described here are predicated on
the standard model of cosmology, with all its hidden assumptions about the nature of space,
time, gravitation, matter and immutable laws. It is entirely possible that this over-arching
conceptual framework will one day be replaced by something radically different (e.g. timedependent laws, spacetime as emergent), in which case the origin of the arrow of time would
need to be sought in an entirely different manner [18].

5. Summary
States of the physical world evolve in time in a distinctive directional manner, familiar from
everyday experience. The most embracing description of this directionality is provided by
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the second law of thermodynamics, which defines a quantity called entropy that (in a closed
system) may go up, but not down, as a function of time. Entropy is very roughly a measure
of disorder in a physical system. One may therefore attach an “arrow of time” to physical
processes pointing in the direction of increasing entropy. The arrow describes a property of
the world, namely the asymmetric evolution of states, in relation to time, not a property of
time itself. Many commentators conflate the arrow of time with the popular notion of a flow,
or passage, of time – the psychological impression (many would say illusion) that time itself
is moving. This notion is at best incoherent, at worst just plain wrong. (A dissenting view is
taken by George Ellis: see paper in this volume.) In any case, there is no known instrument
that can detect the flow of time. (Clocks measure time intervals between events, not the
movement of time.) The position favoured by many is that the flow of time does not exist,
but this conclusion must not be taken as a statement that time does not exist. Time does
exist.
The time asymmetry of the world based on the second law of thermodynamics at first seems
paradoxical, because the laws of physics (with a minor exception not relevant to this essay)
are symmetric in time. The resolution of the paradox came with the understanding that
the second law is statistical in nature and merely predicts with a very high probability, not
certainty, that entropy will rise. The high probability comes about because of the special
initial conditions that pertain to systems displaying an arrow of time. Roughly speaking, if
a (closed) system starts out in an improbable, low-entropy, state then, with high probability,
the entropy of the system will increase.
An interesting scientific question is the ultimate origin of the low-entropy initial state. As
all systems examined by science form part of larger systems in a hierarchy terminating in
the universe as a whole, it is natural that the origin of the arrow of time should be sought
in the subject of cosmology. Physicists have known for 150 years that the universe is on a
one-way slide from more ordered (low-entropy) states to less ordered (higher-entropy) states,
perhaps culminating in a final “heat death” when thermodynamic equilibrium is attained.
Thus an explanation for the arrow of time must focus on the origin of the universe and why
the state of the universe that emerged from the Big Bang was one of low entropy. Here
another apparent paradox emerges, because observations suggest that the early universe was
actually in a state very close to thermodynamic equilibrium (maximum entropy). However,
while this is true for matter and radiation, it is not true for the gravitational field. The highly
ordered, near-uniform, distribution of matter and energy just after the Big Bang corresponds
to a low-entropy state of the gravitational field. As the universe evolves by expansion and the
gravitational aggregation of matter, a thermodynamic disequilibrium opens up in the matter/radiation component, but at the same time the gravitational field becomes less ordered,
so its entropy rises. Overall, the total entropy increases with time, in accordance with the
second law of thermodynamics. The end state of this gravitational clumping and disordering
is a black hole, which has very high entropy.
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There is no agreed explanation for why the universe was born in a near-uniform low-gravitational-entropy state, although a popular theory, called inflation, leads naturally to such a
state after a very brief period of hyper-expansion. But inflation in turn requires special initial
conditions, thus shifting the origin of the arrow of time back one step, so not providing an
ultimate explanation. A tempting solution of this conundrum is to posit a more elaborate
cosmological model, using quantum mechanics applied to the universe as a whole, in which
there is not one universe but many (normally an infinite number), some of which have an
arrow pointing this way, others pointing that way. Overall there is no favored directionality
to the arrows, but within almost all universes the arrow points consistently only one way
during its (possibly infinite) lifetime. Exceedingly rarely a universe may possess an arrow of
time which then reverses. Given astronomical and physical observations, it is far from clear
that our own universe could belong to this exceptional class.
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Abstract
Whereas a great deal of research has examined the perception of elapsed time (time that has passed),
little is currently known about how people perceive future durations (time that will pass). The current
article discusses our findings on judgments of future durations that have important ramifications
in understanding individuals’ inter-temporal decisions. Our work demonstrates that people do not
perceive future durations accurately, but rather subjectively scale them non-linearly (i.e., they show
diminishing sensitivity to longer durations), consistent with classic psychophysical processes. We
show that this property of non-linear scaling explains hyperbolic discounting, or why the tendency to
prefer smaller-sooner rewards over larger later rewards becomes disproportionately stronger when the
sooner rewards is available immediately. Our works further show that judgment of future durations
is susceptible to a range of contextual influences, including as time-space interdependence, sexually
arousing imagines, and tempo, which in turn then influence their valuation for delayed outcomes.

1. Introduction
When time passes, the length of the same duration is often judged differently across different
situations or people. This subjective nature of duration judgment has been extensively documented in psychology literature. Researchers have proposed various theories and mechanisms
to explain how and why durations are perceived [1, 2, 3], and factors such as emotional states
or physiological activation have been identified to influence duration perception (see Ref. [4]
for a review).
Such investigations of duration judgments involve time that has actually has passed, that
is, durations that people have already experienced, as they are unfolding or looking back.
But many decisions people make often involve judgment of durations of a different type;
judgments of a time period that is set in the future, or anticipated future durations. Future
duration is a key component for decisions involving outcomes at different points in time, often
referred to as inter-temporal decisions. For instance, when there will be a price promotion
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next month, people decide whether they want to purchase a product at a full price today or
purchase it at a discounted price next month. In making such decisions, people’s subjective
judgment of future durations might be an important determinant. For instance, those who
perceive the one-month wait to be long are more likely to opt for the immediate purchase
than those who perceive it to be short, who are more likely to wait to get the price discount.
Future duration is also an important attribute when determining the values of various types
of goods. For experiential goods like vacation packages, price is generally higher the longer
the experience is. For goods with service contract periods like gym membership, monthly
prices are lower as the contract term becomes longer. For these goods, people’s subjective
judgment of experience durations or service periods would influence perceived value of these
goods.
Although judgment of future durations are frequent in numerous situations, compared to the
extensive study of judgments of durations that have passed (elapsed duration), investigations
on the judgment of anticipated future durations are still very scant. The current paper
aims to introduce recent empirical findings about judgments of future durations. We focus
on one particular property of future duration judgment that has important ramifications in
understanding inter-temporal decisions: the non-linearity of judged future durations. We
further discuss two contextual factors that influence judgment of future durations.

2. Non-linearity in future duration judgment
Traditional research on psychophysics investigates how the objective magnitude of external
stimulus is internally scaled or translated into subjective magnitude. To use vision as an
example, researchers present participants with stimuli in different luminance and measure
how bright they subjectively feel the stimuli to be. That is, they study the relationship
between objective luminance and its perceived brightness. For many stimuli that are subject
to human perception or sensation, researchers found that internal scaling of external stimuli
is non-linear (e.g., Weber-Fechner Law or Steven’s Power Law).
Zauberman and colleagues tested whether judgment of anticipated future durations are also
non-linearly scaled (Kim & Zauberman, 2009; Zauberman, Kim, Malkoc, & Bettman, 2009).
They presented participants various lengths of future durations (e.g., duration from today to
a day in 3 months) and asked them to indicate how short or long they considered the duration
to be. In line with findings in psychophysics, they found that subjective judgment of future
durations is also non-linearly scaled. In particular, they found that when future durations
become longer, the subjective judgment of future durations does not grow proportionally.
That is, subjective future duration does not grow linearly on a 1:1 scale, but rather is better
described using a power function, where the relationship between future duration and its
subjective judgment can be described by a power exponent less than 1.

62

Volume 7

Judgments of anticipated future duration

Summer 2014

Such non-linear scaling in judgment of future durations has important implications for our
understanding of how people think of future durations and then how they use this information
in their decisions. We argue that it is important to study future durations in the context
of these decisions, because it provides a context in which the perceptual process can be
studied, as well as demonstrates its implications. The inter-temporal choice literature has
a well-documented phenomenon often labeled as hyperbolic discounting. This phenomenon
depicts a pattern of behavior that people’s tendency to prefer sooner but smaller rewards
over larger later rewards becomes stronger as the sooner rewards are more immediately
available. In other words, when people have to delay immediately available rewards they
are very impatient, but when they have to delay rewards that are already set in the future
they tend to be much less impatient. This means that devaluation over a given future delay
depends on when this delay occurs. Although this phenomenon has instigated numerous
empirical studies and has been demonstrated for different species (both human and animals),
for different types of rewards, and for various individual difference factors (i.e., people in
different age, education level, or health-related conditions), not much is known about the
underlying processes (see Ref. [5] for a review). The non-linear scaling we propose in future
duration judgment provides an explanation for the phenomenon [6, 7]. The non-linearity in
future duration judgment implies that the same length of delay will be judged subjectively
longer when it is a delay from an earlier time point than from a later time point. Therefore,
they would also perceive the same waiting time subjectively longer when they contemplate
delaying immediate rewards rather than delaying rewards already in the future.
In the next sections, we discuss two contextual factors that influence judgment of future
durations. In particular, we review one cognitive (i.e., space-time dependency) and one
affective (i.e., sexual arousal) process that influence judgment of future durations, and their
role in time-related decisions.

3. Cognitive influence: spatial representation of time and future
duration judgments
In this section we will probe the dependency between judgments of spatial distance and
judgment of (future) temporal distance. The literature on embodied cognition and cognitive
linguistics suggests that when people conceive abstract notions that they cannot directly
experience, they rely on experiences in more concrete domains [8, 9, 10]. For instance, people
often rely on the visual image of a horizontal line and depict the temporal relation of events
along the line, or describe the duration of an event by its length (e.g., a long vacation [11]).
Such reliance on a spatial line to conceive duration implies that people’s judgment of future
durations may be influenced by the spatial distance information that is associated with these
durations. Suppose, for example, that someone is in New York today but will be in San
Francisco in three months. If the person conceives the three month duration as a line,
the person’s judgment of duration may be influenced by the spatial distance information
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associated with the duration (e.g., distance between New York and San Francisco) and thus
may influence the judgment of this three month duration. For instance, the same three
months may be judged longer when they are associated with longer distances (e.g., New
York and San Francisco) than with shorter distances (New York and Philadelphia).
Kim, Zauberman, and Bettman [12] tested this dependency on spatial distance information
in future duration judgment. They showed participants a map where the spatial distance
between two locations is varied by conditions. For instance, some participants were given
a map where the distance between a post office and a bookstore was longer while others
received a map where it was shorter. They then imaged visiting these locations at two
different points in the future. They found that participants who imagined visiting places
placed larger apart judged the duration between two time points to be longer than those
who imagined visiting places proximal to each other. These results indicate that judgment of
anticipated future durations is susceptible to spatial distance cues. They also conducted other
experiments using actual maps, and using mental elaborations. Combined, they show robust
evidence that longer spatial distance leads to longer judgments of future durations associated
with these spatial distances. They further show that these effects on the judgment of future
durations lead to changes in the inter-temporal decisions relevant to these durations. In
short, longer spatial distance leads to longer perceived durations, and so also leads to greater
devaluation over time.

4. Affective influence: arousal and future duration judgments
We now discuss an affective factor that influences judgment of future durations. Multiple
studies on elapsed duration judgment have demonstrated that tempo (i.e., repeated stimulation in audition, vision, or bodily sensation) influenced judgment of elapsed time. For
instance, participants who listened to fast auditory tempo (e.g., tones repeated at a fast rate)
judged the same elapsed duration to be longer than those who listened to slow tempo [18].
Because fast tempo is physiologically arousing [19, 20], grounded on similar reasoning described above about the role of arousal on narrow temporal attention, fast auditory tempo
may influence future duration judgment. Kim and Zauberman tested this possibility [21].
They played participants either a fast or slow tempo music piece and asked them to judge
various future durations. Similar to the effects of tempo on future duration judgment, they
found that participants who were listening to the fast tempo music piece judged the same
future duration to be longer than those who were listening to the slow tempo music piece.
We argue that sexual cues influence future duration judgment for a similar reason (i.e.,
arousal-based process). Studies in inter-temporal decisions have demonstrated that heterosexual male participants who were exposed to sexual cues (e.g., photograph of women in
lingerie) discounted the value of delayed rewards more heavily than those who were exposed
to neutral stimuli or exposed to photographs of unattractive women [13, 14]. As discounting
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delayed rewards involve judgment of future durations (i.e., waiting time to receive delayed
rewards), this effect may also be explained by the subjective nature of future duration judgment. To test this possibility, Kim and Zauberman [15] showed male heterosexual participants photographs of either sexual cues (e.g., women in lingerie) or neutral objects, then
asked them to judge various future durations. They found that those participants who were
exposed to sexual cues judged the same future durations to be longer than those with neutral
cues. That is, the participants who were exposed to sexual cues perceived the same future
temporal distance to be farther away than those not exposed to sexual cues. Consequently,
those exposed to sexual cues and perceived a given future duration to be longer also devalued future monetary rewards compared to present rewards. This again demonstrates the
contextual dependency of future duration judgment and its effects in decisions.
Kim and Zauberman [15] suggested that such effects they observed on future duration judgment may be due to the arousing nature of sexual cues. Physiological arousal has been
shown to induce narrow visual attention [16, 17]. Likewise, Kim and Zauberman [15] proposed arousal may also induce narrow temporal attention. For organisms’ survival in the
environment, focusing on the present moment would be critical for their survival as much as
focusing on the central information in the visual field. That is, when individuals are aroused,
they will be likely to focus on the present moment and to disregard the future (as much as
they focus on the central information in the visual field), thus the same future date will seem
farther away.

5. Future research
We discussed one important property of future duration judgment (i.e., non-linear scaling)
and two contextual factors influencing future duration judgment such as spatial representation of time and sexual arousal. These effects all point to the psychological nature of future
duration judgment. We now discuss venues for future research.
First, future research may investigate specific factors influencing non-linearity in future duration judgment. Non-linearity in duration judgment involves relativity between judgment
of near durations and far durations. In other words, non-linearity concerns how much near
durations are perceived to be longer than far durations. The factors we discussed in this
paper that influence future duration judgment alters the magnitude of judged future durations rather than their relativity (i.e., curvature). That is, these factors make judged future
durations to be perceived as longer or shorter in general. Because relativity in future duration judgment has direct implication on inter-temporal decisions —in particular, hyperbolic
discounting— investigating such factors would be very valuable with important practical
ramifications.
Second, future research may investigate the relationship between judgments of elapsed (past)
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durations and that of future durations. Judgments of elapsed durations involve experiences of
actual time passage and many researchers of time perception assume that time experiences are
processed by a sort of an internal clock. Because future durations are time that has not been
experienced, a mechanism based on an internal clock would not be relevant to the judgment
of future durations. There is, however, a reason to believe that these judgments could be
related. Future durations are in their nature abstract information that does not have direct
bodily experiences. Because elapsed durations are more concrete (i.e., directly experienced),
people may use their perception of durations currently passing to judge anticipated future
durations. Then, those who feel that a duration they just experienced is long (i.e., time is
passing slowly) may project their feelings and judge future durations to be long. For instance,
when individuals are physiologically aroused, they feel that time is passing slowly and, as a
result, feel that the future is farther away (i.e., the future is approaching slowly). Future
research may systematically investigate this possible link.
Third, methodologies of precisely measuring future duration judgment would be necessary.
For the judgments of elapsed durations, there are a variety of ways to measure time perception
such as duration production, duration reproduction, or duration comparison. In addition,
researchers used different paradigms such as prospective paradigms, where participants know
that they are going to judge elapsed durations, and retrospective paradigms, where they do
not anticipate to judge elapsed durations but do so only retrospectively. But for the judgment
of future durations, methodological development is still very limited. Researchers mostly use
a standard Likert-type scale or its variant (e.g., a continuous line scale) to measure judged
future durations. Future research may develop more precise scales and paradigms that allow
researchers to measure and judged future durations both more accurately and easily.

6. Conclusion
Future durations are as important to many important decisions people make as are elapsed
durations, yet much less research has examined judgments of future durations. The current
paper notes two important aspects of future durations. First, although future duration is
often considered as objective information, its judgment is inherently subjective. People judge
future durations non linearly and future durations of the same length are perceived to be
subjectively longer or shorter across individuals and situations. Second, judgments of future
durations are sensitive to various contextual factors. We discussed a few of these factors
such as spatial distance, sexual cue, and tempo. But there would be many other factors
in the environment that influence people’s judgment of future durations even without their
awareness. Investigating these factors would enlighten our understanding of the intriguing
nature of future duration judgment as well as help people to make better decisions for various
time-related outcomes.
�
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Abstract
It was in the Upper Paleolithic, or late stone age (50,000 – 10,000 B.C.), that an articulate confrontation with time first became a reality. The general cultural context was that of art and language:
they both show how humans could begin to relate to their own brain functions as reified items, through
which perception acquired an existence of its own. But the most specific evidence of this wholly new
mental process, and the one that is most directly linked to our topic, is found in documents from
the same general period that offer explicit notations of time sequences on bone and stone.
Building on this documentary evidence, and on that of the more complex calendrical and astronomical
texts of early Mesopotamia, I will argue for a fundamental transformation in human mental templates
that occurred in those early periods, templates that have remained with us ever since, with profound
epistemic implications: the institutionalization of a scalar dimension in perception; the growth of a
far-reaching sense of control, based on the predictability of recurrent patterns; the “transcendentality”
effect whereby the “invented” time frame came to be seen as ontological time; the definition of a
homeostatic system based on a totally self-referential evolutionary scheme. The coherence of time
came to be seen as the coherence of the mental frame, the coherence of being as the coherence of
thought. Against this background there emerged a contrasting proposal, one aiming for transcendence
as opposed to transcendentality.
It was the fragile biblical proposal, fragile in its inception because it was not nurtured by the same
rich intellectual tradition of Mesopotamia, and fragile in its contextualization, because it remained
obstinately consistent in adhering to an ontology that was intrinsically not derivative. The “view
from Eden” proposes therefore an altogether different conceptualization of time in terms of its
beginning and its becoming. In this perspective, the coherence of time came to be seen as posited
from outside the sequence, the coherence of being as independent from the overlaid categorization
system. A radical new dimension was ushered in by Christianity. The “Christian” notion of time is
a true cultural novelty, that will come as a suprise that can best be appreciated against the background
of the previous two “inventions”.

1. Introduction
Oceanici silenzi…

This is the memorable verse of the poem that opens Ungaretti’s Sentimento del tempo. Both
the verse and the title come to mind when we bend back over our common human trajectory
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and reach back to the beginning of human or hominid time, some three million years ago.
The making of our species does not seem to fall within a human measure. For what can be
our perception of three million human years?
It goes without saying that they had no perception at all of the “fuggitivo tremito”, as
Ungaretti defines “time” in another poem from the same collection. Nor did they – and this
is perhaps even more astounding – need to have such a perception. They had, in fact, very
little, if anything, that they could measure, in the way of the passing of time. Changes were
so infinitesimally small, that these our ancestors had no scalar dimension at all within which
to frame any possible temporal perception. For three million years, time was, indeed, but a
“fugitive tremor”. There was no awareness of time, no “sentimento del tempo”.
It is against these “oceanic silences” that the clarion call of perceived time suddenly sounds.
Within the scale of millions, sixty thousand years ago can indeed be qualified by the adverb
“suddenly”. Such suddenness is marked, documented and explainable. It will be the starting
point of my presentation.

2. Trascendentality: from prehistory to Mesopotamia
2.1 Invention
It is at around 60,000 years ago that we may place the introduction of truly articulate
language.1 It marked the beginning of a momentous transformation, a first axial epoch
in human development, which led to the establishment of totally new associative bonds,
culminating in the city and the state, in the fourth millennium B.C. It has been called the
“tectonic” age, in the sense that, from this time on, the basic changes in human life derive
from cultural “construction” (hence, tectonic) rather than from genetic mutation, see [6].
Here I wish to underline one particular dimension of this change, that is intimately linked to
language, but reflects a deeper stance toward the external world. In my understanding, humans had developed, even before language, a peculiar attitude that I call “meta-perception”.2
It is the faculty of bracketing two distinct perceptions, even without a formal rationalization
of the process entailed. What has been termed “spatial competence”3 is indicative of this
development: the manufacturing of complex lithic artifacts requires the linking of perceptions
that develop into a regular chaîne opératoire, based on a type of planning that depends on
the awareness of sequential stages. This is then also one of the earliest indicators of human
1

A much earlier date is also proposed, for instance up to 1.9 million years ago [1]: language is seen as
constitutive of even the early hominids. But it is important to distinguish between an earlier a-syntactical
type of linguistic communication (“beads-on-a-string” model) to a hierarchical, fully syntactical system: the
former has been described as proto-language, akin to a pidgin language, see [2]. For the importance of syntax
in defining a human person see, from two different points of view, see [3, 4, 5]. It is such a fully articulate
and syntactical type of language that I am considering here.
2
See on this my book Alle origini della politica [7].
3
See the important monograph by Thomas G. Wynn, The evolution of spatial competence [8].
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time awareness, dating back to earlier paleolithic times.
But it is in the upper, or late, paleolithic age, i.e., the tectonic age beginning around 60,000
years ago, that with the introduction of language the phenomenon of meta-perception makes
a radical jump forward. I do not necessarily associate this with formal rational reflection, nor
with the assignment of symbolic values.4 In a more rudimentary, but very powerful, manner,
language made it possible to project perceptions onto an extra-somatic level, and thus to
much more readily bracket them than it had been possible in a pre-linguistic stage. Homo
loquens brought to its natural issue the mental processes of homo faber. That this affected
the perception of time,5 and time intervals, is documented in the archaeological record –
through some of the most astonishing pieces of evidence.
By 40,000 year ago, there are notations on bone and stone from the Near East and Europe
that have been interpreted as recording observations of lunar appearances, see [10, 11, 12].
An important clue in the interpretive process is the fact that, under the microscope, the
individual incision appear to have been made with different tools: this indicates that they
were the result of mere doodling or decorative intents. The great significance this has for our
topic is that it shows a syntactical awareness that stretches over time: the observations are
patterned in such a way that the pattern precedes the single observation, and this pattern
brackets in a graphically explicit manner the linkages of the components, while highlighting
at the same time the unity of the whole.6

2.2 Institutionalization
Time came thus to be imprinted with the human sense of pattern. These are remarkable
documents, because of the insight they give us on mental development in these early humans.
It was language that had made this possible. If language reflected the extra-somatic extension
of perception through an audio channel, the graphic embodiment takes this one step forward:
it gives it, in fact, an extra-somatic embodiment that is no longer dependent on audio contact
between speaker and listener, but has an autonomous physical existence of its own. In this
respect, these calendrical notations are the first true antecedents of writing – not in the
technical sense of serving as precursors of the individual graphs as they eventually emerged
in cuneiform and hieroglyphics, but in the sense of the syntactical link among components.
4

The etymology of the term “symbol” (from Greek syn-ballein “to throw together”) refers to the same process I have in mind when speaking of “meta-perception”. However, symbolism entails a more developed stage
whereby it is not two concrete perceptions that are bracketed, but rather a perception and an abstraction.
In this perspective I would not consider as specifically “symbolic” those signs that have been so interpreted
for the earlier periods, since they cannot be correlated to abstraction as such.
5
On this and on what follows, see my article [9].
6
This may be seen as an anticipation of what I will argue below (section 4) about transcendentality, with
direct reference to Kant: one of the points he stresses is precisely the unity of the whole within which the
individual categories fit.
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This syntactical aspect is of great significance and leads us to the next moment in our analysis,
the institutionalization of the time frame. The relevance of the syntactical dimension of the
archaic calendars lies in this: the validity of the interpreted message was not confined to
the specificity of the target, but had a more universal range. This is different from the
largest portion of the earliest cuneiform texts, which are of administrative nature and relay
information that was expected on an ad hoc basis by the receiver.7 Calendars do not exclude,
of course, an ad hoc purpose and use (in the first place by the same person who progressively
added notations to the same document), but in addition they retain a value that goes well
beyond the immediacy of the occasion. In this respect, it does lead from meta-perception to
full conceptual rationalization, and institutionalization.
By the latter I mean that the clustered observations of individual lunar appearances came
to acquire a value that went well beyond the level of the individual, to a point where it
became a fully inter-generational enterprise. This helps explaining the remarkable growth
of astronomy in Mesopotamia, based as it was on records gathered over the centuries. On
the one hand, this consolidated the calendar in ways that were received as canonical from
the very earliest time of urban life.8 On the other, it linked in a very deliberate way to the
analysis of astronomical phenomena that were seen especially in their patterned, hence time
bound, recurrence, see [17, 18].
There is a Sumerian text of particular interest for our purposes. Dating to a little before
2000 B.C., it describes in great detail the sequence of steps one must take for an effective
cultivation of the fields.9 Known as the Mesopotamian Georgica, it bears no similarity to
Vergil’s poetry, because it is an exclusively practical text, describing the agricultural cycle
month by month, beginning with preparatory irrigation in July and ending with winnowing
in June. The question arises as to the audience for which it was intended. Not the farmers,
who could not read but especially did not need to be told what they could already master
in an intuitive and concrete manner. It reflects, therefore, the scribal concern for recording
procedures that pertained to the organization of society in all its ramifications. The Georgica
are particularly relevant for our topic because they represent the canonization of perceptions
of time sequences that had been critical for the early developments of meta-perception: the
link between the seed and the plant is at the basis of the agricultural revolution and may be
seen as the classical example of the meta-perceptual phenomenon.
7

Not all early cuneiform documents belong to this category. Lexical lists (much less numerous) are different
and, in this respect, similar to Marshack’s calendar notations.
8
The classical edition of the Mesopotamian calendar goes back to 1915 [13]. Two volumes that appeared
some sixty years later follow very closely in its wake [14, 15]. See also [16].
9
See Miguel Civil,The Farmer’s Instructions. A Sumerian Agricultural Manual [19]. For a lucid presentation of the text within the framework of an extensive cultural and archaeological overview see [20].
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2.3 Control
Underlying this early “invention” of time and its institutionalization, from late prehistory
to the early historic times in Mesopotamia, there is an all important dimension of human
development in general, deriving from the aim at achieving a greater degree of control over
reality. I have briefly referred to a temporal framing that shows how awareness of time had
crystallized in firm descriptive modules. They afforded control in two major ways.
In the first place they served as predictability mechanisms, because they identified sequential patterns that were expected to be repetitive, hence, precisely predictable. The newly
established temporal frame identified a regularity that was, indeed, given in nature, but was
codified, “invented”, through human conceptual channels. The month of June, to give an
example, was, in its temporal framing, an exquisitely human construct. The recognition that
it should be the beginning of a given agricultural cycle was also due to human ingenuity,
even if the convergence of facts that made the cycle possible was not of human making. Indeed, agriculture was not, as such, a given. It was produced through the human exploitation,
hence control, of the natural environment. It was the understanding of the conditions that
allowed humans to go beyond the conditions themselves, to achieve a very gratifying measure
of control.
This rested on the basic assumption of a profound coherence of reality. Predictability worked
because reality behaved accordingly. Hence – and this is the second all important corollary –
the presumption of causality was justified. The seed sown in September was the cause of the
barley being harvested in April. The Georgica tell us this in purely sequential terms, but the
causal implication lies at the core. Patterned recurrence may have been a given of nature,
but until it was integrated in a conceptual framework of awareness it was as if it did not
exist. The pattern exists qua pattern because it is framed in terms and concepts that build
on perception and meta-perception. Hence the supreme sense of control that emerges within
the human psyche as it defines the temporal dimension of limits and conditions within which
it operates.

2.4 From meta-perception to transcendentality
If with some trepidation, I would like to define the mental process I have been describing
as “transcendental”, harking back to Kant,10 but giving the term an idiosyncratic valence. I
would namely like to see scalarity11 as the backbone of transcendentality. Let me state this
briefly, and then indicate what I see to be the relevance for our topic.
10

I will refer to the original text as published in the following editions: Critica della ragion pura, a cura di
Costantino Esposito, (original cited as per the second edition of 1787; cited as KrV) [21]; Critica della ragion
pratica, a cura di Vittorio Mathieu, (cited as KpV) [22]; Critica del giudizio, a cura di Massimo Marassi,
(cited as KUk) [23].
11
“Scalarity” is a term current in linguistics, where it implies a value based sequential range. I take it here
to have a value neutral meaning, referring, that is, to the bracketing of non-contiguous elements.
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It seems to me that an underlying theme of the Critiques is the bracketing of discrete elements, discrete not only because distinct, but especially because hailing from different realms.
It is a human power or faculty (Kraft und Vermögen) that brackets them, thereby infusing
meaning. While structural analysis (Analytik) describes the components in their subdivision,12 a syntactical analysis (Dialektik) describes the dynamic nature of their relationships.
The proper, step-like or “scalar” nature of the interaction is described by Kant with the image of “stepping up” (steigen, KrV B119), whereas the improper bracketing is “curvilinear”
(krummlinig) or “diagonal” (KrV B351), i.e., not directly step-like.
What is the bearing on our topic? We may put it in the form of a question: could we
interpret meta-perception and language13 as being at the origin of the a priori dimension of
human thought?14 In other words, is it possible to posit in this distant human prehistory
the process of formation and growth of transcendentals? Does homo sapiens (and loquens)
reflect the stage when the modernity of thought really sets in? If that was the case, then we
can appreciate even more the momentous consequences of this first “invention” of time.15
Scalarity may be seen as the essential presupposition of causality. Bracketing two points in
time underscores the fact that the very process of “categorization” is a human feat. Two
moments in time may indeed be in a step-like (“scalar”) relationship of their own, but the
calibration of the two moments within the larger scheme of things, within “time” as a whole,
i.e., their “calendarization”, is the result of the human “power of judgment” (Urteilskraft).
A “power” that justifies the notion of “invention” in the fullest sense of the term.
12

Zergliederung (KrV B90), not in a rhapsodic fashion (KrV B106).
Antonio Rosmini has some enlightening pages on the role language has in “entifying” reality, as he puts
it. He speaks of it as a “second creation”, and says that “coll’aggiungere l’essere a tali segni la mente
sostantiva quello che non ha sostanza”, producing “una molteplicità formale che diciamo di sostantivazione”:
for references and for a full treatment of the subject see the important work by Roberto Roffi [24].
14
A passage in the Critique of Pure Reason would seem to ask, if implicitly, the same question: “Nur so
viel scheint zur Einleitung oder Vorerinnerung nötig zu sein, daß es zwei Stämme der menschlichen Erkenntnis gebe, die vielleicht aus einer gemeinschaftlichen, aber uns unbekannten Wurzel entspringen, nämlich,
Sinnlichkeit und Verstand, durch deren ersteren uns Gegenstände gegeben, durch den zweiten aber gedacht
werden” (KrV B29). Indirectly this seems to appear also in this passage of the Critique of the Power of
Judgment: “so ist andrerseits die entdeckte Vereinbarkeit zweier oder mehrerer empirischen heterogenen
Naturgesetze unter einem sie beide befassenden Prinzip der Grund einer sehr merklichen Lust, oft sogar einer
Bewunderung, selbst einer solchen, die nicht aufhört, ob man schon mit dem Gegenstande derselben genug
bekannt ist” (KUk p. XL). The question is about the common roots of sensibility and intellect, which, he
says, remain unknown to us. If the concept of “roots” is meant temporally, and not only structurally, then
the immense insights we have gained into prehistory since Kant’s times may be seen to have indeed a positive
answer to contribute, along the lines I have suggested here.
15
While arguing in favor of the possibility to popularize philosophical doctrine — “eine jede philosophische
Lehre müsse, wenn der Lehrer nicht selbst in den Verdacht der Dunkelheit seiner Begriffe kommen soll – zur
Popularität (einer zur allgemeinen Mittheilung hinreichenden Versinnlichung) gebracht werden können”—
Kant maintains that this is not possible for critical philosophy — “mit Ausnahme des Systems einer Kritik
des Vernunftvermögens selbst und alles dessen, was nur durch dieser ihre Bestimmung beurkundet werden
kann“—, while at the same time admitting that its results might be made evident to a healthy reasoning
faculty — “obgleich ihre Resultate für die gesunde Vernunft (eines Metaphysikers, ohne es zu wissen) ganz
einleuchtend gemacht werden können” [25].
13
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3. Transcendence: the biblical perception
3.1 A recalibration
Ungaretti’s “silenzi oceanici” brings to mind Leopardi’s “sovrumani silenzi” (1818-19) but
also Kant’s earlier (1788) “unansehnlich Große mit Welten über Welten“ and “grenzenlose
Zeiten“ in his famous conclusion of the second Critique.16 Leopardi writes:
…interminati
Spazi di là da quella, e sovrumani
Silenzi, e profondissima quiete,
Io nel pensier mi fingo, ove per poco
Il cor non si spaura,
Io nel pensier mi fingo…

The human construction of time, the “fingere” in the sense of “shaping” reflects admirably
the long process of “invention” from prehistory down into Mesopotamian times. It is an
awesome process, one that almost induces fear —“ove per poco il cor non si spaura”—, given
the magnitude of the implications.
It is out of the same Syro-Mesopotamian matrix that an altogether different sense of awe
emerges — one that derives not from the awareness of the human feat, but rather from the
sense that there is a larger reality. Behind the framing of time there is, de facto, the reality
of time. It is the biblical perception.
The Mesopotamian formulation, issued from the late prehistoric experience, was so powerful
and self-contained that it would easily lead to a sort of conceptual solipsism. The human
time-frame would thus rise to an ontological status: simplistically put, time is the calendar.17
The biblical recalibration is profound. As in every other respect, the biblical view asserts the
priority of a beyond that conditions humans at the very moment that they seek to condition,
and control, reality. There is no denying the fundamental importance of human intellectual
constructs. But they are seen as only frames placed on a reality that is autonomous, that
has a validity of its own. One must yield at the same time that one frames. The “invention”
is in this case more the “discovery” than the “shaping”.
16

Giacomo Leopardi, L’infinito, in which we may in turn see an echo of the famous first paragraph of the
conclusion of Kant’s Critique of Practical Reason: ”der bestirnte Himmel …fängt von dem Platze an, den ich
in der äußeren Sinnenwelt einnehme, und erweitert die Verknüpfung, darin ich stehe, ins unansehnlich Große
mit Welten über Welten und Systemen von Systemen, überdem noch in grenzenlose Zeiten ihrer periodischen
Bewegung, deren Anfang und Fortdauer” (KpV p. 288).
17
This is the implication in Kant’s conclusion: “…und daß, wenn wir unser Subjekt oder auch nur die
subjektive Beschaffenheit der Sinne überhaupt aufheben, alle die Beschaffenheit, alle Verhältnisse der Objekte
im Raum und Zeit, ja selbst Raum und Zeit verschwinden würden, und als Erscheinungen nicht an sich selbst,
sondern nur in uns existieren können“ (KrV p. B59).
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It is the creation ethos,18 that permeates the entire biblical tradition, with a multitude of
different nuances. And it is especially as it concerns our topic, time, that this ethos emerges
with the utmost clarity. The hallmark of the new vision is the emphasis on the week as a
frame that is calendrical in a wholly different sense from what had prevailed in Mesopotamia.
For it is the frame itself that has its origin beyond the human ken. It is not transcendentally
posited, it is a transcendent gift.
3.2 The homeostatic box
When on high the heavens
remained unidentified
and down below firm ground
was yet without a name
when only the primeval water,
the progenitor,
and the goddess of the sea,
the universal mother,
did blend their waters
into one,
ungirdled as to meadows,
undefined by marsh reeds,
when no god at all
was manifest as yet
none identified by name,
determined as to personality,
out of within their midst
the gods were then created
the swamp gods first
came to be identified by name…

The Mesopotamian beginning is not really a beginning, nor does the text mention the word.
We are presented with a formless mass that takes shape. This is something the original
language expresses in ways that cannot easily be translated. I have sought to do so in the
translation by stressing the static dimension that in Babylonian is expressed by predicates
of condition (“remained unidentified”, “without a name”, “ungirdled”, “undefined”, “not
manifest”, “not determined”). This is the formless matter that has no beginning.
Just as there is no beginning, thus there is also no becoming in the proper sense of the
word. There is differentiation out of undifferentiation. Significantly, in the original the
verbal dimension changes to one of action: “were then created”, “came to be identified by
name”. The rest of the long poem goes on to describe in full detail this progression of an
ever greater differentiation, and the pinnacle of the process comes at the end, when the new
supreme god, Marduk, is not just “determined by name”, but determined by fifty names. His
apotheosis is the semantic, we may really say the semiotic, echo of the “beginning” we just
saw.
18

For this, too, I would like to refer to my book, Quando in alto i cieli… [26]

76

Volume 7

The threefold “invention” of time

Summer 2014

The point about there being many gods is much more subtle than it appears. It means that
reality can be fragmented. The gods are icons of elements of the natural order (power, knowledge, justice, etc.) that reflect the human ability to dissect and analyze. Fragmentation is
ultimately a means of intellectual control, to which the whole process of the urban revolution
had lead, founded on the development of the meta-percepual abilities.
Our viewing the multiplicity of gods with a sense of superiority is misguided. Multiplicity
means control of the parts, and the real contrast with monotheism is not the many vs. the one,
but the many, the enumerables vs. the innummerable. This numerability of the fragments
is encased in a matrix out of which the differentiation emerges. It is fate or destiny. This is
the absolute seen as the sum total of the parts, the genetic code of reality, so to speak. It is
totally self-contained, hence homeostatic, a box impervious to any external interference. It
is within it that differentiation unfolds, of its own inertia.

3.3 Beginning and becoming
How does this differ from the biblical narrative?
At that starting point when God
created heaven and earth,
the earth was unshaped and deserted,
darkness covering the deep,
the spirit of God
hovering over the water –
so God said: “Let there be light”
and the light came into being
and God saw that
the light was good…

There is a stark beginning, outside the box. Differentiation is set in motion from outside its
own domain, it is not homeostatically enclosed and predictable. The world might not have
been created!19
The leitmotif is the creation, but, within it, it is the creation of time, time in its cultural
particularity, the intra-monthly frame, the week, which, leading to the sabbath, proclaims the
beginning (God said), the interval (it was good) and the end (he rested). The Mesopotamian
outlook is so focused on the recognition of patterns20 that it does not, in truth, develop a
19

An important point developed by R. Sokolowski [27].
Recognition of patterns is central to modern historiography, and one can see it already proposed in Kant’s
Idee zu einer allgemeinen Geschichte in weltbürgerlicher Absicht (1984). In the introduction, for instance,
he regrets that “die Menschen in ihren Bestrebungen nicht bloß instinctmäßig wie Thiere und doch auch
nicht wie vernünftige Weltbürger nach einem verabredeten Plane im Ganzen verfahren, so scheint auch keine
planmäßige Geschichte (wie etwa von den Bienen oder den Bibern) von ihnen möglich zu sein”. After the
model of Kepler and Newton, the philosopher can only seek to find order where there is otherwise but a human
20
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vision of history as a goal oriented process. Not that it ignores the weight and significance of
memory, of history in the sense of an account. Not that it does not omit to blend ideology
and process (the growth of imperial ideology is an eminent example of that). But it does
not operate with the notion of a becoming that moves on to the next surprise, the only
predictable element being the expectation of, precisely being surprise by radical innovation.
Conversely, the biblical outlook does not avoid the notion of evolution in the sense of progressive differentiation: there is a great stress on the coherence of the human group that is
the carrier of its own perceived tradition. It does not eschew the conditioning inherent in the
reality of patterns: the biblical notion of week is indeed a pattern, one that comes to mold
more and more deeply the ethos of the people who of that tradition are the carriers (obsessively so, we might say, with the culmination of the week in the sabbath). But becoming, in
the biblical perception, is always laced with transformative moments, where the continuity
of evolution is jump started by the startling surprise of the unexpected.
The biblical recalibration of the notion of time is thus shaped by the recurrent ethos of
creation, that pervades a century long experience and rests on what may be called the notion
of an “absolute event”.21 It is the paradox (mystery) of an agency that is absolute (hence
unconditioned and outside of time) and yet is event-bound (hence conditioned by the very
flow of time with which it interacts).

3.4 A view from Eden
I cannot develop here the notion of time and history in the Bible,22 but I wish to refer to
another portion of Genesis, which we can read as a parable: it is indirectly related to our
subject, because it talks to the same epistemic presuppositions and it is enlightening in terms
of the general import of the biblical perception.
It is, as I see it, a parable of the intellectual encounter between the two traditions, biblical
and Mesopotamian. Which was, I must stress, unidirectional. The Mesopotamians had no
inkling whatsoever of the profound spiritual travail that had taken place within their puny
neighbor to the west. Israel and Judah were, in their eyes, no more than petty kingdoms, of
no importance whatever, politically or culturally as it might be. But the biblical tradition
did confront, openly, assiduously, even tormentedly, the powerful intellectual achievement of
the great urban culture of the “Four River Banks”, as the Mesopotamians called themselves.
I would like to read in this vein, namely as a critical assessment of Mesopotamia, or of
mess resulting from “Thorheit, kindischer Eitelkeit, oft auch aus kindischer Bosheit und Zerstörungssucht”.
The philosopher‘s goal, then is “daß, da er bei Menschen und ihrem Spiele im Großen gar keine vernünftige
eigene Absicht voraussetzen kann, er versuche, ob er nicht eine Naturabsicht in diesem widersinnigen Gange
menschlicher Dinge entdecken könne”.
21
I have developed this concept in [26, 28].
22
For some additional remarks in this regard see below, 3.4.
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polytheism in general, the narrative of the original sin.
In the garden of Eden, God enjoined man not to “eat from the tree of the knowledge of
good and evil” otherwise he would “surely die” (Gen. 2.17). The tempter gives a different
explanation: they would not die, rather, he says, “your eyes will be opened, and you will
become like gods, knowers of good and evil” (Gen 3:5). So she does: “the woman saw that
the tree was good to eat and pleasing to the eye, and that it was desirable for the knowledge it
could give. So she took some of its fruit and ate it”. (Gen 3:6) And what happens? Nothing.
She doe not die. The fruit is not poisoned. No fire and brimstone. Rather, a warm and
positive human gesture – she shares it: “She gave some also to her husband who was with
her, and he ate it” (Gen 3:6): a lovely picnic in the garden…As a result, the narrative says,
their eyes are opened, and they take on the trappings of civilization, with a gesture that the
Mesopotamians had long since associated with becoming civilized – they clothe themselves.
It is the discovery of civilization: experimentation and control of natural phenomena (eating
the fruit), the enrichment of human dimension (sharing), the sharpening of analytical powers
(distinction between good and evil), the refinement of social living (clothing). The great loss,
the death that had been announced, is the face to face relationship with the absolute, who
cannot be so fragmented. The original sin is, we might say, the invention of polytheism: the
pretense to extend fragmentation to the absolute.
This throws light on our topic. The calendrical fragmentation of time in and of itself is good
– and in fact the biblical calendar accepts the Mesopotamian months’ names. But it should
not be clamped on the absolute. Hence the week is reserved to God’s initiative: time is of
divine origin, and the powerful notion is introduced of an interval, the sabbath, that splits
time down the line reserving the interval for God’s presence. God himself sets the intervals:
“the first day, the second day, etc”. – a beautiful stylistic trait through which the text of
Genesis punctuates the sequence. After that, humans are to proceed with their own naming
of time, as they are called to do with “the cattle, the birds, the fish” (Gen. 2:20).

4. Trans-temporality: the Christian horizon
4.1 The Christian “invention”
If the early civilizational invention of time had put a frame on time that asserted the human
power of categorization and thus of control; and if the view from Eden had recalibrated
perception by asserting the autonomous value of the reality behind the frame; a wholly new
claim is lodged by Christianity: the claim that there is a trans-temporal dimension to time
that pertains directly to history while not being within it. It is a perception that, it seems
to me, has not been adequately assessed: this may emerge more clearly in the light of the
two perspectives I have outlined so far. It is thus a most fitting conclusion to our trajectory.
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The “invention” of time had been, we have seen, the transposition of a perceived reality onto
a mental framework that could account for it through the spoken medium, one that was
projecting an outward tangible dimension onto the flow. It was a very effective means of
control. By breaking up the continuum into conceptual fragments, humans were encasing an
external condition into a categorization system that made it possible to articulate its sinews
and define its nodes.
What Christianity proposes is, we might say, an “apo-theosis”. While the initial invention had
been the conceptualization of time, Christian thought announces its exact converse. Time,
not as a concept, but as a perceived reality, is now seen as being wholly encased within a
non-time dimension, the dimension called “eternity”.
The term used for this is “the fullness of time”. “Fullness” here is not contrasted to “emptiness”. It is rather opposed to “brokenness”, to the state of fragmentation that derives, necessarily, from the conceptualization history that I have traced from its very earliest beginnings,
from its, and ours, prehistory.

4.2 A reverse incarnation
The Christian invention of time is proclaimed by the Ascension. Understood as an event, it
speaks to a moment, in our time, when Jesus was not sitting at the right hand of God.
But the Ascension is also seen, more subtly, as a condition, a state of being. It is expressed
by saying that Jesus “is sitting at the right hand of the Father”. Herein lies the “fullness of
time”. Time is presented as having pierced eternity. It was the image offered by Jesus to the
Sanhedrin. It was the cause for the stoning of Stephen.
The two condemnations are understandable, from a Jewish perspective, because they denounce what is perceived as a blasphemy. How could it be that the shekinah, eternal, be so
soiled as to accept finitude and temporality within its core? But the condemnations are also
understandable from the point of view of the original invention of time. In that perspective,
humans could not surrender “their” time to non-time. They had labored hard, for some fifty
millennia, to encase time within manageable, controllable, categories. How could it possibly
be that we, humans, could now be deprived of this control?
It was, we may well say, an incarnation in reverse. The claim that God had become man is
now compounded by the claim that humanness, in its full bodily reality, was now perceived
to be within the absolute. It is an extraordinary claim, another dimension of the Christian
scandal.
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4.3 The historical dimension of the Ascension
The Ascension, then, proclaims the historicity of the eternal. This Christian scandal is,
in effect, very much rooted within the larger biblical scandal of creation. Creation has
already “soiled” the eternal, because it entails an interaction based on reciprocal freedom,
and correlative risk. The incarnation of Jesus may perhaps be seen as more in line with the
type of “contamination” that we associate with creation. Less so with the Ascension. Here
the contamination goes to the very heart of the trinitarian absolute: the “returning” Logos
is the son-of-man, he remains a very concrete, very temporal, Jesus. Herein the scandal.
In the Christian perception, our invented time is indeed ours, i.e., human, but so that it can
be transferred to a higher realm. Far from robbing us of our culture, the Ascension claims
to glorify it, to “apo-theosize” it. The Jesus who sits at the right hand of the father is seen
as neither a-somatic (for he remains the son of Mary) nor a-cultural (for he remains the son
of David). The human invention has not been lost. It has rather reached its fullness.
The crucial nexus, for Christians, lies in the “event” of the Ascension. It is historical in
the specific sense that it has a historiographical dimension (one that cannot be claimed, for
instance, for the Assumption of Mary). One may of course dispute the nature and validity
of the record, as for any other historical fact; but the Christian conclusion is reached with a
historiographical method that, in terms of the Christian self-perception, is emphatically not
mythical.
A far-reaching consequence for the Christian experience lies in the sense of agency that the
ascended son-of-man retains. In the Christian mindset, human perception of the agency
of Jesus-the-Logos, now “sitting” within non-time, differs greatly from the perception of
trinitarian agency. The “absolute event” (see above) is now a relative absolute event. It is
so after the Ascension. Because Jesus was not sitting at the right hand of the Father before
the Ascension.
When Christians speak of a relationship with Jesus, and really mean it, they are not intellectualizing. When really referring to the “presence” of Jesus, they do not mean it in a vague
sentimental vein, the way one often has in mind when referring to the memory of someone
who has died. The Christian claim is, to be sure, rooted in memory, the memory of events
perceived as factual, as having happened once and having been consigned to the witness of
active memory.
But the deeper Christian claim goes well beyond that. It is the claimed perception of a
live relationship, firmly clamped onto the sacramental dimension, whereby the Ascension
is understood as the celebration of the link between the eternal and the physical, and the
Eucharist, in particular, emerges as the threshold to the parousia. The Christian invention
of time must cope with the problem posed by the doctrine of the real presence: the “reverse
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incarnation” proclaimed by the Ascension claims, at the same time, that the temporality of
this consecrated host, hic et nunc, is anchored in the eternity of the Logos.

4.4 The trans-temporal claim
Thus it is that the “historical Jesus” question goes well beyond the notion of a mere Biblical
querelle. It is the much more far-reaching claim for such a thing as the existence of a transtemporal time. A “trans-temporal” history.
In the Christian perception, the Resurrection, which is the condition of the Ascension, is a
historical event. It is, one might say, the only real miracle, in the sense that its effect goes
properly against nature. The other miracles affect reality only inasmuch as they rearrange in
time the configuration of reality’s elements. It is not against nature to be healed: the healed,
even the resuscitated, person, is not different in nature from what he or she was before. Not
so with the resurrection. Benedict XVI describes it as 23
la più grande “mutazione”, il salto assolutamente più decisivo verso una dimensione
totalmente nuova, che nella lunga storia della vita e dei suoi sviluppi mai si sia avuta: un
salto in un ordine completamente nuovo, che riguarda noi e concerne tutta la storia; …una
nuova dimensione dell’essere, della vita; …un salto di qualità nella storia dell’“evoluzione”
e della vita in genere verso una nuova vita futura, verso un mondo nuovo.

In the enlightening final chapters of Being and Time, Heidegger stresses the relationship
between historicity and temporality. Historicity is rooted in time: it is, he goes on to say,
innerzeitig.24 But one particular aspect of this is its orientation toward the future: destiny,
Heidegger says, is the constitutive element of the original historicity of “being” taken concretely.25 History is, in fact, so intrinsically rooted in the future26 that death, as the terminal
point of the tension of being, becomes the “hidden ground of historicity”.27
This highlights, in a spectacular way, the dimension proposed by the Christian view of things.
If taken seriously, it says that time exists beyond time. The notion of the ascension as a
state proposes that the very temporal dimension of concrete human existence, of Dasein,
is not abrogated by death. The claim is that being is not towards death (Sein zum Tode,
§53 and passim). Rather, the Christian perspective interprets the word “end” as in “being
toward the end”, (Sein zum Ende, p.373) as trans-temporal time. Not therefore as (we
might say) außerzeitig as if in contrast with innerzeitig. Rather, again to mimic Heidegger’s
23

Veglia pasquale nella notte santa, Omelia di Sua Santità Benedetto XVI, Basilica Vati- cana, Sabato
Santo, 15 aprile 2006; text cited after http://www.vatican.va/holy_father/benedict_xvi/homilies/
2006/documents/hf_ben-xvi_hom_20060415_veglia-pasquale_it.html.
24
ibidem.
25
“Wenn aber Schicksal die ursprüngliche Geschichtlichkeit des Dasein konstituiert…”. §74, p. 386.
26
“Die Geschichte hat als Seinsweise des Daseins ihre Wurzel so wesenhaft in der Zukunft.”.., ibidem.
27
“Das eigentliche Sein zum Tode, das heißt die Endlichkeit der Zeitlichkeit, ist der verborgene Grund der
Geschichtlichkeit des Daseins”. ibidem.
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terminology, uberzeitig. Ascended existence is still within time, meaning that the human
being who is sitting at the right hand of the Father remains tied to the temporal dimension.
But a temporality that has reached its fullness, by being inserted, unequivocally, within
the Trinity. To exist is therefore to be towards the fullness of time, not towards death (as
Heidegger would have it). Ascension as a state proposes temporal existence within non-time
(eternity), a non-time that is laced with time, a Sein that is laced with Dasein. It is a wholly
different conclusion to the one proposed in Being and Time, except for its orientation towards
the future: but it is a future of life, not of death. Heidegger urged us to bring out the full
impact of Dilthey’s proposals.28 Analogously, we should also bring our the full impact of the
Christian proposal of the Ascension.
And yet, the clarity of Heidegger’s position brings us full circle. He articulates with extreme
lucidity the transcendental position [29] adumbrated in the first fifty or so millennia of homo
loquens. Like a diamond, it sheds a brilliant light on the alternative position, that of a
transcendence that firmly embeds time within non-time. It was a transcendence so much at
odds with the initial biblical notion that it cost Jesus his life on earth, as it did Stephen. One
may or may not accept this perspective. But it should be faced, not disregarded or timidly
eschewed.
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Abstract
In Andrei Tarkovsky’s opinion, the birth of cinema was not merely the beginning of a new form of
artistic expression, but it also brought the invention of a new aesthetic principle. In fact, for the
first time in human history, time could be kept and preserved inside a “metal box”, it could be dealt
with and contemplated as though it did not vanish. Time had become a “material” substance; it
had acquired physical traits; it had assumed “the form of fact”. Cinema establishes a very specific
and intimate relationship with reality. Panofsky stressed that [1] the medium of movies is “physical
reality as such” and Bazin stated [2] that “cinema is committed to communicate only by way of
what is real”. Following an identical line of thought, Pasolini underlined that cinema expresses
reality through reality itself, and in this sense, it is not a language, it is the language of reality,
reality being in itself temporal and dynamic. For Tarkovsky, cinema allows a direct, emotional,
sensuous perception of the work of the artist (contrarily to literature, which can only be received
through symbols and concepts, thus depending always on the reader’s selection and laws of his own
imagination). Tarkovsky maintained that “cinema uses the materials given by nature itself, by the
passage of time, manifested within space, that we observe about us and in which we live”, but in his
opinion time is above all a state, the “condition for the existence of our ’I’”, “the flame in which
there lives the salamander of the human soul”. In this essay I intend to address the question of
temporality in movies by contrasting Tarkovsky’s notions with the thinking of St. Augustine and
other authors. Whilst placing an emphasis on three basic dimensions of the cinema: the presentness,
the narrativity and the iconicity of film, I will draw upon examples which will hopefully throw some
light on the cultural implications of this phenomenon. One of my principal aims will be to discuss
whether film actually responds with particular competence to a specific need of modern man, afflicted
by what the Russian filmmaker calls modern man’s “time deficiency”.

Time present and time past
Are both perhaps present in time future,
And time future contained in time past.
If all time is eternally present
All time is unredeemable.
What might have been is an abstraction
Remaining a perpetual possibility
Only in a world of speculation.
What might have been and what has been
Point to one end, which is always present.
(T.S. Elliot,“Four Quartets”)
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In his seminal book, The World Viewed [3], Stanley Cavell starts by comparing the importance
of art forms such as music, painting, sculpting or poetry —which he says are not generally
important, in terms of the “average man”, except primarily to the men and women devoting
to creating them— with the importance of movies: “rich and poor, those who care about
no (other) art and those who live on the promise of art, those whose pride is education and
those whose pride is power or practicality — all care about movies, await them, respond to
them, are grateful for some of them”. And he adds that “its highest and its most ordinary
instances attract (more or less) the same audience”, whereas “people who attend to serious
music do not attend to light dinner music, say, or movie music”. Developing his idea about
the puzzling phenomenon of popularity in films, Cavell points out: “there are, of course, in
literature a few instances of very great artists who are at the same time popular. But my
claim is that in the case of films, it is generally true that you do not really like the highest
instances unless you also like typical ones”.
What is there, then, I ask, that makes film so distinctive in this particular sense? Many
say, as Cavell recalls, that “film is the modern art, the one to which modern man naturally
responds”. But even this acknowledgement must lead us to one of two conclusions: either film
responds to a need or a desire that previous forms of art have not been able to do, or some
specific social and anthropological characteristics of modernity find in movies a particularly
pertinent “answer”. In either case we cannot avoid asking ourselves what kind of “thing” or
form of art film is, if it has such an impact in present day society.
In his equally famous work,Sculpting in Time [4] Andrei Tarkovsky states, in referring to the
very first movies by the Lumière brothers that “a new aesthetic principle was born”. I should
like to point out in passing that the English, Portuguese, Italian and French translations of
the Russian filmmaker’s book Sculpting in Time —“Esculpir o tempo”,“Scolpire il tempo”,“Le
temps scellé”— do not do proper justice to the original work’s title. During his trip to Lisbon
in 2011, Tarkovsky’s son Andrei explained that although his father had used that image he
had not meant to establish a direct analogy with the art of sculpture stricto sensu, but that
he merely wished to emphasize film’s ability to “capture” time, to “imprint it” by giving it
a precise, fixed shape, and in this sense the French version is perhaps somehow closer to his
central idea. To quote Tarkovsky, the filmmaker [4]
For the first time in the history of the arts, in the history of culture, man found the means
to take an impression of time. And simultaneously the possibilities of reproducing that
time on screen as often as he wanted, to repeat it and go back to it. He acquired a matrix
for actual time. Once seen and recorded, time could now be preserved in metal boxes over
a long period (theoretically for ever).

We know that Tarkovsky was not the first one to establish the theoretical relationship between
temporality and film, or, to put it more rigorously, to underline film’s specific ability to deal
with the inexorable passage of time, which is to say, man’s inner desire to fight against death.
It is enough to recall the beginning of André Bazin’s book, Qu’est-ce que le cinéma? [2], in
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which the critic refers to film as the “mummy of change”, (“la momie du changement”) —
recalling its photographic source and comparing it to early Egyptian religion, which was a sort
of rebellious system against death, thus responding to a “human psychological fundamental
need to defend itself against time” — a notion born together with the first reflections upon the
ontology of photographic and filmic imagery. It is a fundamental aspect, previously referred
to, directly or by implication, by other important film critics and filmmakers, including
Eisenstein, Griffith and Kracauer. And it is no coincidence that in his The World Viewed,
Cavell indicates right from the start that his way of studying movies is essentially based on the
way he remembers them, thus establishing a parallel between our memory —the instrument
of recall, bringing back to life things past— and the experience of watching a film as a way
of having access to a world brought from death to life, to movement and action.
It is important to understand that in Tarkovsky this notion about the specific value of film
art, which he so well summarized in the famous expression “time in the form of fact”, is taken
to the level of a very acute and profound understanding. He is not speaking of time in terms
of sequentiality or linear causality; he is not merely addressing the question of duration either,
the durée that André Bazin was very much interested in, both in a chronological sense and as
historical value. For the Russian filmmaker, history and evolution are not strictly speaking
temporal elements, they are the natural consequence of this phenomenon we call “time”.
Time is not for him an objective datum, neither has it a merely psychological dimension:
its nature is essentially spiritual, and consequently, in this sense —only as a consequence—
is it personal and subjective. The precious potential of cinema is, for Andrei Tarkovsky,
the possibility of printing that phenomenon on celluloid, in a very specific and “literal”,
“effective” way: “In what form does cinema print time? Let us define it as factual. […] Time,
printed in its factual forms and manifestations: such is the supreme idea of cinema as an
art”.
Pasolini used to say that cinema expresses reality through reality itself, through its exterior
aspect, its visible and perceptible “marks”. In this sense, it is not a language, it is the language
of reality, reality being in itself temporal and dynamic. Gilles Deleuze [5], when explaining
the concept of “movement-image” —which is the kind of image characterizing classical and
realist cinema, where time is an indirect consequence caused by montage and not implied
in the image itself, as happens in modern film “time-image”—, also says that “movementimage is matter itself, as Bergson has showed. It is a semiotical and non-linguistically formed
matter, constituting the first dimension of semiotics”. As Pasolini explains in an interview
with Giuseppe Cardillo [6], referring to his 1967 essay Osservazioni sul piano-sequenza [7],
“the semiology of the cinema corresponds to the semiology of reality”, since reality can be
seen as
an infinite sequence-shot. From the moment we are born to the moment we die there passes
in front of us an infinite sequence-shot. Cinema is nothing more than an ideal camera
put before this sequence-shot, this continuous development of events which passes before
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our eyes from birth to death. Therefore, cinema is, actually, a hypothetical, impossible,
infinite sequence-shot, as infinite as the reality passing before our eyes.

In this sense, Pasolini adds, montage may be compared to death, since it is the final stop we
artificially add to a continuous flux of time, the reduction of this infinite line to a limited
segment. Sokurov’s experiment in The Russian Ark (2002), a film made of a single 96-minute
sequence-shot, pays homage to this idea.
Film is a deeply iconical medium, rendering the physical aspects of reality in a “direct” way,
thus capturing the mutable nature of things as we can perceive them in real life, with the
advantage of being able to offer that vision repeatedly, as if those portions of past time could
come to life over and over again. Panofsky also said that “the medium of movies is physical
reality as such” and Bazin stated that “cinema is committed to communicate only by way of
what is real […] the cinema (is) of its essence a dramaturgy of nature”.
Neither of these critics is radically denying the representational dimension of cinema or
confusing the artistic medium and its creative meaning with reality itself; they are above
all stressing what is simultaneously cinema’s strength and its weakness, its poverty, namely
that it cannot escape the appearance of things, the images of reality, since “its medium
is photographic and its subject reality”. As Stanley Cavell puts it, film is “a succession of
automatic world projections”, the nature of which is inescapably temporal. Many filmmakers
have tried to stress this specific potential of the Seventh Art by showing that, as St Augustine
demonstrated, time cannot be defined by movement. Zviagintsev’s Elena (2011), a disturbing
movie about life and death and about social tension in a society where money has come to
be the fundamental distinguishing factor, displays a signifying shot of a bird resting still on
a tree while time passes from dawn to morning and morning to full day.
Yet St Augustine also spoke about the difficulty, or maybe even impossibility, of defining
time:
For what is time? Who can readily and briefly explain this? Who can even in thought
comprehend it, so as to utter a word about it? But what in discourse do we mention
more familiarly and knowingly, than time? And, we understand, when we speak of it; we
understand also, when we hear it spoken of by another. What then is time? If no one
asks me, I know: if I wish to explain it to one that asked, I know not.

Time is both a mystery and an everyday concept, referred to and implied in every aspect of
our life. We cannot fully grasp it but neither can we avoid its permanent presence and its
obvious consequences.
In his Interviews [8] Tarkovsky says:
I am convinced that time is no objective category since time cannot exist without man.
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Certain scientific discoveries tend to reach the same conclusion. We do not live in the
‘now’. The ’now’ has not space, it is so short, so close to zero without being zero, that we
have no way of perceiving it. The moment we call ‘now’ immediately becomes past, and
what we call future becomes present and then at once it becomes past.

This mysterious “place”, so difficult to define, Tarkovsky calls an abyss, or —as he does in
Stalker (1979)— the “zone”, this “impossible” point of existence we all share: life. He saw
time as a state, the “condition for the existence of our ‘I’” [4]:
Time is necessary to man, so that, made flesh, he may be able to realize himself as
a personality. But I am not thinking of linear time, meaning the possibility of getting
something done, performing some action. The action is a result, and what I am considering
is the cause which makes man incarnate in a moral sense. History is still not Time; nor
is evolution. They are both consequences. Time is a state: the flame in which there lives
the salamander of the human soul.

For the filmmaker, the goal of all art is to help man understand what he lives for, what the
meaning of his own existence might be, and cinema contributes to that aim by somehow
mastering time, thus “winning” over its natural irreversibility and offering man a renewed
experience of his own existential situation. Art therefore accomplishes a generous gift to
mankind: the gift of awakening in man his most intimate and spiritual need, the need to
grow in the knowledge of truth.
This brings us to the question raised at the beginning: what is it that makes film so important
for the modern man? If we consider that only the present has enough power to confront man
with his own existence, since the present is where the dynamics of life takes place, in the
form of events, then the potential of film can be seen in a different light.
Let us observe three different aspects:

1. The presentness of film
St Augustine considered the three basic dimensions of time —present, past, future— in order
to discover whether and how we can measure them. The most complex, mysterious and hard
to define of the three is obviously the notion of present. But it is also, paradoxically, the
one most vital to us, and St Augustine takes its existence as the only possible basis upon
which he can define each temporal dimension. It is worth recalling his famous reasoning in
the Book XI of his“Confessions” [1],
Nor is it properly said, ’there be three times, past, present, and to come’: yet perhaps it
might be properly said, ’there be three times; a present of things past, a present of things
present, and a present of things future.’ For these three do exist in some sort, in the
soul, but other where do I not see them; present of things past, memory; present of things
present, sight; present of things future, expectation.
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Nothing therefore can be said to exist unless it is present, unless its presence is somehow
reachable, acknowledged, now.
Contrary to photography (which, as Bazin said, “embalms time” and the reality of which, as
Cavell put it, “is present to me while I am not present to it; and a world I know, and see, but
to which I am nevertheless not present is a world past”) and as distinct from literature (the
narrative procedure of which is based on the value of the past, the principle of “once upon a
time”), film transforms its past content into a contemporaneous event, its duration moving
according to the same laws as our own temporality. Film cannot escape a temporal logic
—chronology— even if it can strongly subvert its order and manipulate its duration. In the
case of drama, apart from several important aspects connected with the “direct” (and not
“mediated”) relationship between actors and audience (whose decisive implications cannot
be dealt with now), its nuclear strength lies in dramatic collision, concentrating our attention
in each scene, instead of relying essentially in sequential action, in the creation of a “possible
world”, a world in permanent change.
Once the image is projected on the screen, we spectators are led to participate in its temporal
flux, thus re-living those past facts in an isochronic way. In this sense, film allows a very
specific kind of experience, one closer to that of “communion” than to that of mere “communication”. The same kind of phenomenon can be said to occur with music, but whereas
in music the material dimension of life is reduced to the limit of its complete dissolution,
in cinema the concrete details of physical reality are offered to the viewer in their temporal
dimension. This gives film a very particular sort of persuasiveness, one intimately connected
with the phenomenon of dreams, since in both cases we viewers are, as María Zambrano [9]
puts it, “victims” of time: “underneath dreams, underneath time, man does not dispose of
himself. He therefore suffers his own reality”. That is why dreams are always experienced
with some kind of anxiety, even happy dreams, says Zambrano: “Hence the anxiety subjacent
to dreams, even happy ones. Because dreams ask for reality”. Suffering time in a condition of
impossibility of choice —which is both the case of dreams and, up to a certain point, the case
of cinematographic experience— is, paradoxically, a powerful means of awakening in us the
urge to reality, the need to make sense of time, the absolute necessity of consciousness and
freedom. When watching a film we suffer the influence and weight of time, not having the
possibility of interfering in its course through the use of freedom. Yet, differently from the
experience of dreaming, watching a movie allows us (in different degrees, depending on the
characteristics of the movie and on our qualities as spectators) the possibility of judgment,
which can liberate us from film’s eventual “tyranny” (a tyranny too often used by commercial filmmakers, well conscious of cinema’s strong capacity to create passive response and
alienation).
Deleuze [5] argues that we should not conclude that the film image is necessarily present, since
the “movement-image” engenders an image of time (through montage) which distinguishes
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itself from the present as empirical course. “Time as unity or totality is dependent upon
montage, which relates it to movement or to the succession of shots”. But he also admits
that a specific kind of optical image is possible: “time-image”, typical of modern cinema, one
where time is “seen” inside the shot, through the way its distinct, autonomous features relate
themselves, not depending exclusively upon the indirect temporality caused by montage.
What cinema has achieved is something very specific —something Baudelaire had referred
to and explicitly longed for— simultaneity of presence and absence. The events are not
happening now, but our own experience of them is present: it is as if they were taking place
precisely at the same moment we are seeing them. This, we may say, is as close to the
experience of private, personal, real life as any other kind of expression could be. A world
is taking place before us, a past world, and we have the chance not only of contemplating
it, but also of experiencing it by sharing the same duration, by accompanying the process
of transformation that time is operating (has operated) in that world, as it is operating in
ourselves.
Cinema is therefore a potent vehicle for transforming memories into visible, concrete facts,
thus somehow changing those past events into present experiences. In his work on time and
narrative, Temps et Récit [10] Paul Ricoeur states that “remembering is having an image
of the past”, and in this way the French philosopher clearly connects memory with vision,
as St Augustine does. St Augustine claims that the possibility we have of measuring things
past is due to the fact that those things have left some kind of “trace”, a sort of vestige or
mark within us, and it is that trace, that sort of “image” that can be looked at through
memory [11]
when past facts are related, there are drawn out of the memory, not the things themselves
which are past, but words which, conceived by the images of the things, they, in passing,
have through the senses left as traces in the mind. Thus my childhood, which now is not,
is in time past, which now is not: but now when I recall its image, and tell of it, I behold
it in the present, because it is still in my memory.

Memory is therefore a way of beholding now something that has happened before.Tarkovsky [4]
underlines the fact that, by its own nature, the present always escapes us: it runs away and
“slips through our fingers like sand, it has no material weight unless through memory”. For
the Russian filmmaker, the value of the traces retained by memory is, as has been said, of a
moral nature for the part they play in how a human being judges himself and becomes aware
of what he is and what he wishes to be: “The time in which a person lives gives him the
opportunity of knowing himself as a moral being, engaged in the search for the truth […]”.
In this sense, human consciousness needs this kind of temporality, this “present of things
past”: the possibility, offered by the trace of events imprinted in memory, of acquiring new
knowledge, thus deepening one’s awareness of oneself. Loss of memory is always dramatic,
since it might carry with it the loss of the possibility for self awareness. The objective value
of the person is not at risk, but its subjective identity may eventually be lost and with it one
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also loses the possibility of distinguishing reality from fiction and becomes incapable of using
one’s own freedom.
This should indeed be, for Andrei Tarkovsky [4], the function of every form of art: “all artistic
work relies on memory, and is a means of crystallizing it”: a means of putting us in front
of what has happened by “artificially” creating the necessary “distance” which allows us to
judge, both emotionally and critically. Cinema not onyl crystallizes memory, it also offers us
its dynamism, its temporal quality, thus helping us (by literally giving us time) to participate
in its essence and thus to acquire a deeper and more vital knowledge of ourselves.

2. The narrativity of film
Cinema is, precisely due to its temporal nature, a narrative form of art. It presents us
with a series of situations in a successive, sequential form, by placing them in a space-time
frame and ordering them in some kind of chronology. As the narratologist Seymour Chatman
explains [12]
what makes Narrative unique […] is its ‘chrono-logic’, its doubly temporal logic. Narrative
entails movement not only ‘externally’ (the duration of the presentation of the novel, film,
play) but also ‘internally’ (the duration of the sequence of events that constitute the plot).
The first operates in that dimension of narrative called Discourse (or récit or syuzhet),
the second in that called Story (histoire or fabula).

Chatman proceeds to distinguish narrative from other kinds of non-temporal texts (arguments and descriptions), implying what Paul Ricoeur[10] so well discussed: narrativity and
temporality are deeply linked and can be looked at from opposite, complementary perspectives — not only is human experience unable to escape temporal contingency (therefore all
forms of artistic expression representing temporality and change are inherently narrative) but
narrative expression is also only efficiently recognized by man in so far as it reproduces that
aspect of reality which is subject to the inevitability of time. The French philosopher underlines the narrative dimension of human experience of temporality, maintaining that if human
experience of time were not, in some way, pre-narrative, we wouldn’t be able to understand
any form of narrative whatsoever. In his opinion, “time becomes human in so far as it is
articulated in a narrative manner; the narrative is significant in so far as it depicts the aspects
of temporal experience”. And he repeatedly explains: “To tell and to follow a story is already
to reflect upon events in order to encompass them in successive wholes”. Through montage
film creates a sequential continuum, thus manifesting the permanent interaction between
each particular action and the world around it (before and after it), in this way attesting the
importance of Hegel’s concept of “totality of objects” for its definition. Film indeed suggests
a “possible world”, a “world in action”, whereas drama is defined by what Hegel calls “total
movement”: its totality is concentrated round a firm center, round the dramatic collision.
Context is therefore a fundamental dimension in film (as in every form of narrative art) and
wishfully a dispensable element in drama, the power of which is to evidence that struggle is
94

Film temporality — a new form of experience?

Volume 7
Summer 2014

the condition of human existence. As Bazin maintained, it is as if the main force working in
narrative forms were of centrifugal nature (with an outward direction) whereas in drama it
is essentially a centripetal action, concentrating everything in the scene itself.
Walter Benjamin spoke about the loss of narration as being the consequence of the loss of
experience, characteristic of modernity. Modern society´s deficiency of experience is reflected
in some filmmakers’ refusal to admit film’s intrinsic narrativity, since to accept it also means to
acknowledge the significant and meaningful potential of temporality, instead of ideologically
defending its senseless development. Refuting cinema narrativity seems precisely to be a sign
of present day difficulty in dealing with meaning itself — an evident proof of today’s critical
moment, in need of urgent reflection about the value of temporality. In Zambrano’s words [9],
“Time is a path not only to be walked upon but also to acquire knowledge in it, to acquire
self-knowledge in it. Key time”.
As Irena Zlawinska well demonstrated in her work, Le théâtre dans la pensée contemporaine [13], the absence of meaning implies the absence of time and vice-versa, as Hochkeppel’s formula synthetically expresses: “Sinnlosigkeit ist Zeitlosigkeit” (“the loss of meaning
is the loss of time”). Cinema wishes to recapture time, to fix it, so that its meaning can be
fully grasped. Far from being a mere strategy, narrative is a cognitive “tool”: it manifests
a specific apprehension of reality, and is therefore the sign of a particular way of knowledge
(according to its Sanskrit root, gnâ). Quoting Edward Branigan, Monika Fludernik —who
emphasises the experiential dimension of narrative— underlines [14]
Narrative organizes spatial and temporal data into a cause-effect chain of events that
embodies a judgement about the nature of events as well as demonstrates how it is possible
to know, and hence to narrate, the events. It therefore represents and explains experience.

Narrative basic structure is dependent on “events” — they are the fundamental mechanism
in any kind of story, represented either verbally, visually or audio-visually. This is what
allows us to avert the intrinsically concrete nature of narrative. As Flannery O’Connor [15]
so clearly put it when referring to literature: “fiction is so very much an incarnational art”,
since each story is “an experience, not an abstraction”, it is the ’carnal’ representation of
human experience. The fact that in any kind of story something “has to happen” and the
fact that any kind of event is, up to a certain degree, a surprise, something not fully prepared
or manipulated by us (Bötius used the expression “inopinatum eventum”) tells us about the
inner nature of narrative: the visibility of transformation through the unexpectedness and
surprise of concrete events.
For the French philosopher Alain Finkielkraut “we are condemned to events”, because “the
unexpected is our law”: things happen, even if we don’t plan or foresee them and there is
nothing we can do to stop or control it; we can only take part in that reality. This is precisely
what film does in a more “literal” way than any other form of art — it makes us participate
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in the tissue of temporality, in that mysterious and unstoppable flux of chronological events
of which life is made. As spectators we await precisely what we need and cannot do without
— the possibility of being surprised and therefore moved, transformed by facts that somehow
shock us and therefore also change us.
Robert Bresson was very much aware of cinema’s artistic potential, of its intrinsic narrative
nature. In his famous, Notes sur le Cinématographe [16], he advised filmmakers on the value
of waiting, and added his suggestion: “to create expectation is the better way to fully satisfy
it”. Narrative (either fiction or film) works by constantly creating anticipation, its mechanism
depends upon surprise and expectation, upon hope. In this sense, it relies on the permanent
creation of a “present of things future”.

3. The iconicity of film
Paul Ricoeur speaks of the “iconical increase of reality” produced by such forms of art as
painting or writing in so far as they can reveal the essence of reality, “a more real reality than
everyday reality”. These forms of representation do not simply replicate reality, they rather
produce an aesthetical metamorphosis which shows the nature of reality. To write is, in this
sense, to re-write reality in an aesthetical way, which reveals its essence. Both the verbal
sign and the film image have this iconical value, although they work in different degrees,
implying different types of reception. The narratologist Brian McFarlane explains [14] that
the difference is not to be found in the distinction between the concrete nature of film image
and the abstract dimension of the verbal sign but rather in the opposition between conceptual
and perceptual dimensions:
The verbal sign, with its low iconicity and high symbolic function, works conceptually,
whereas the cinematic sign, with its high iconicity and uncertain symbolic function, works
directly, sensuously, perceptually.

This high iconicity gives film a very particular kind of impact by displaying to the spectator
the concreteness and factual dimensions of real life. Thus film, a very specific form of “vision”,
brings us close —maybe closer and more intimately than any other form of art— to the
experience of “sight”, the chance of contemplating the “present of things present”.
If we accept that what cinema does is to capture what is happening by recording it and
imprinting precisely the process of transformation itself, thus giving visibility to change,
to the visible consequences of the passage of time in a highly iconical way, then we must
admit that cinema has brought to the history of mankind, for the first time, the possibility
of achieving the “impossible”, which is to keep and faithfully reenact someone’s memory
or imagination as a specific physical trace of events, thus favoring the conscious way the
spectator may freely deal with them.
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Film responds with particular competence to a specific need of modern man. Walter Benjamin
spoke about the loss of the capacity to narrate; for Tarkovsky that loss is intimately connected
with what he calls modern man’s “time deficiency”. In his opinion [4],
[…] as he buys his ticket, it’s as if the cinema-goer were seeking to make up for the gaps in
his own experience, throwing himself into a search for ’lost time’. In other words, he seeks
to fill that spiritual vacuum which has formed as a result of the specific conditions of his
modern existence: constant activity, curtailment of human contact, and the materialist
bend of modern education.

And he adds,
people go to the movies in search of a life experience, because the cinematographer, like
no other form of art, enlarges, enriches and concentrates the effective experience of man,
and thus not only increases it but also renders it, so to say, decisively longer. Here lies the
effective strength of cinema. Not in ’stars’, in stereotyped individuals or in entertainment.

Film has a special ability to put us into a permanent state of waiting and longing. It can
either be a major form of illusion and alienation or a great possibility of self-knowledge. The
greatest filmmakers are those who count upon people as persons, not mere “audiences”, and
they generally do it by offering people time and space and by expecting a free and an active
response from them. Perhaps some examples might be of use before concluding.
We cannot fail to notice that characters in a movie are not, strictly speaking, real flesh
and blood people, although they are “human” — “neither flesh nor fleshless”, Eliot would
say. That is why Manoel de Oliveira calls them “ghosts”: they are the recorded images, the
moving images of real persons, separated from us by the sort of barrier that the screen is.
They move on the other side of the mirror, reflecting their image on us, the spectators, who
see reality “as through a mirror, not yet face to face”, in St Paul’s words.
It is precisely this idea that Tarkovsky wished to convey when he made his famous film Mirror,
from 1975. His movie is an allegory of film itself: it portrays the way cinema frames and
keeps time, thus offering us the renewed possibility of watching events from a new, privileged
perspective, allowing the spectator to widen and deepen his own consciousness by recovering
memory and dreams gone by, as does a mirror in reflecting his own image, offering him the
possibility of contemplating himself from a different angle (both spatial and temporal) and
therefore of being able to see what is usually concealed from him: his own eyes, his ears,
the effect of his movements… The whole movie has to do with this new possibility of having
access to a past experience, kept in memory and dreams, and reflected on the screen. In this
particular case it is the memory of someone who recalls his own life with some bitterness
and wishes to pay a debt of love. Tarkovsky wants to use cinema as a very special kind of
mirror: the nostalgic and magical mirror which reflects the irretrievable time of childhood
and youth from different perspectives, multiplying these memories and thus offering others a
new vision of their own lives, contributing in this way to the attainment of a moral judgment
97

Film temporality — a new form of experience?

Volume 7
Summer 2014

about oneself and our place on earth.
In one of the film’s scenes (the structure of which is discontinuous, non chronological and
deeply emotional) we hear the commentary of an adult man, Alexei, remembering his past
as a time of possibility and hope; a second shot shows us his son, waiting in a room while the
mother (who is separated from her husband) talks to a woman neighbour. The child looks at
his own image in the mirror — as if the father, through his son’s thoughts, could see his own
faults and retrieve lost memories (the dripping milk of his childhood, depicted in the image)
in the process of his son’s becoming adult.
A very different kind of example may be seen in the beautiful movie by Gabriel Axel, Babette’s
Feast, released in 1987 and based on the story by Karen Blixen (Isak Dinesen) — the first
Danish movie to win the Academy award for best foreign language film. In a very puritan
and small community in 19th century Denmark, a French Chef de cuisine, Babette, a victim
of the French revolution, is given refuge by two kind sisters, Martine and Philippa (whose
father never allowed them to marry, although both had had eligible suitors). After fourteen
years on the Danish island, working as housekeeper and living modestly, but never explaining
what her former occupation was, Babette is shocked to learn that she has won a lottery. She
decides to spend the prize by herself preparing a marvelous dinner for the small, puritan
community. The beauty of the story lies in the impressive event which occurs when an
unexpected guest, Lorens, a famous general and man of the world, former Attaché in Paris
and once Martine’s young lover, astonishingly praises the extraordinary quality of the meal
to the austere group, who had promised not to indulge in the pleasures of the flesh, but little
by little yield to the irresistible pleasure of the delectable dishes. The longest part of the film
lies precisely in the duration of this meal, during which a profound and very significant event
takes place: the transformation of each of the guests and of their relationships with each
another through the acceptance of the artistic beauty of the meal. This produces a sort of
mystical redemption, both physical and spiritual. Little by little, their stiff silence is broken,
they start recalling past events with joy, their pale cheeks gain colour and the pleasure of the
meal becomes evident. The final scenes are crucial, because through the dialogue between
Martine and Lorens the full meaning of what has just happened is caught: it is as if time
has not passed, or as if its passage did not win over them — through this dinner and this
renewed encounter, Martine and Lorens understand that their love had not been wasted, that
it was alive and had been mysteriously fruitful and true during all those years. Thus the
spectator is given the possibility of sharing and being able to reflect upon a situation during
which a crucial, existential change takes place, by somehow isocronically participating in the
duration of a synthetic, decisive event (through the contemplation of its exterior, iconical
marks), which gives meaning to the entire life of the characters involved. He is given the
possibility of seeing “time in the form of fact”.
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A third example might be given using Manoel de Oliveira’s 2010 film entitled O estranho
caso de Angélica (The strange case of Angelica). In this film the still active 105-year-old
Portuguese filmmaker tells the story of a photographer, Isaac, who is called on to take the last
photographs of a young bride who has suddenly died. While positioning the camera in front of
the young and beautiful corpse, Isaac experiences a strange and terrifying phenomenon, which
will haunt him for the rest of his life: the girl seems to come alive and smile at him — and
therefore also at us. Isaac will consequently fall in love with the dead girl, Angélica. Through
the photographic image made dynamic in the film, we all become witnesses of the miracle of
“overcoming” death through cinema, or of the power of film to bestow on us, in a considerably
persuasive way, the thing we most desire — life. Oliveira wanted to use the phenomenon
of film viewing to demonstrate how close life and death are, how intimately physical reality
and transcendental life touch themselves, in this sense approaching Tarkovsky’s vision, who
used to say he did not believe in death. But it might also be of use to recall Carl Dreyer’s
1955 movie The Word (Ordet) —where a young mother is miraculously brought from death
to life— to confirm how film art aims at offering the ultimate experience: the possibility not
only of seeing the invisible but also of participating in its mysterious, dynamic presence. We
“see” it in such a “literal” way and with such iconic simultaneity that these past, impossible
things become possible and seem to be happening now: their absence becomes present to
each one of us.
The “ghosts” behind the frame share our own experience: what has happened to them is
re-enacted and becomes ours as well, by surprising us and persuading us, thus offering us
the most precious gift: the iconicity of time, its pressure, its presentness, its sense. When
watching a movie (especially if it’s a good movie, one which is not meant to manipulate
the audience) we are offered a piece of real time, the most valuable item in modern society:
time to “see”, time to “remember”, time to “hope”, to enter deeper in the most important
quality of the “here and now”, of time itself - surprise, awareness, the meaningful and valuable
quality of events. “What might have been” has actually (and fictionally) taken place, a place
that has become present and “points to one end”. Therefore I close my paper with Robert
Bresson’s beautiful and profound advice to filmmakers [16]:
…to provoke the unexpected. To wait for it, (since) to film is to set up a meeting. Nothing
unexpected that you have not been secretly waiting for.
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Abstract
What is the meaning of the notion of progress? For some, the word seems to suggest continual
movement from worse to better. According to Kant, this movement is inevitable, because “the human
race has always been in progress toward the better and will continue to be so henceforth”. However,
this Enlightenment optimism has run aground. As George Grant shows, following Nietzsche, the
failure of progress is paradoxically rooted precisely in the project of the expansion of human freedom:
once man has emancipated himself from every god and from every nature, he no longer knows
what to will. Is there a way out of this impasse? The second part of this paper explores a few
possibilities. I will propose that a more helpful word than “progress” is “maturity”. Maturity has to
do with development within a given order, and thus provides a clue to thinking freedom and nature
as complementary and not antagonistic. A seed develops into a tree, maturing into what it “really”
is over time. Two further examples open this intuition to its fully human dimensions.

1. Introduction
In many sectors of the modern world, there is a noticeable tension between the two concepts
of “nature” and “freedom”.
A first level of the question can be seen in the title of this journal, which means “discovery”.
This title could express the view that science has to do with the discovery of nature. Nature
could be understood as something stable but hidden, which can be discovered if looked at
in the right way. To exaggerate in the service of clarity: in this view, nature is an absolute
which human freedom cannot change.
There are other widespread ways to think about the task of science, for instance the less
ambitious idea that science produces more or less approximate mathematical models which
can be used to predict and manipulate physical reality. This technological harnessing seems
to some the expression of a more modest approach to knowledge, in that it does not claim
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to know reality in itself, but is concerned with “what works”. That power may then be used
to further the purposes that human freedom assigns to it: one thinks of medical use, food
production, transport, and the like. In this reading (again, exaggerating), nature is basic raw
material which can be harnessed and used as far as human freedom’s ingenuity is capable of
doing.
In practice, both of these views often implicitly coexist in the researcher. She may feel most
fulfilled when “discovering” something new in an experiment; and she may often justify her
work to others by describing possible useful applications of it. It is my concern simply to put
in evidence that the affirmation by some of a nature seems to curtail the freedom of others
who would like to extend their freedom even further: any limit seems to negate freedom and
stop progress. This tension between freedom and variations on the theme of “nature” can be
found in many other aspects of contemporary society, from jurisprudence to medical ethics
to ecology to art.
In the present article I will explore this tension. The immense questions in play cannot be
treated exhaustively in a short space, but I hope at least to provoke further thought on the
matter. In keeping with the interdisciplinary character of Euresis Journal, I will attempt
to present my reasoning in a way that is accessible to specialists of other fields. While
this endeavor will lead me to use rather broad strokes in treating the themes in this paper,
my hope is nonetheless to trace an itinerary across several fundamental philosophical and
theological questions of general interest and relevance.
I will approach the question first through a clarification of the interplay between the terms
“freedom” and “nature”, and then by considering their interaction in time.

2. Freedom and nature
At the beginning of George Grant’s commentary on Nietzsche in his Massey lectures published
as “Time as History” [1], a link is proposed between the concepts of nature and freedom:
[…]two languages are used together in the sermons preached by our journalists about the
achievement of landing on the moon. These events are called another upward step in the
march of evolution, one of the countless steps since life came out of the sea. Man and
nature are seen together. On the other hand, in the same sermons there is talk of man in
his freedom conquering nature, indeed transcending himself. In as archetypal an event for
technological man as the space programme, it is right that the two languages should come
together in the hymning of the achievement. The two languages come together as man is
seen not only as a part of evolution, but as its spearhead who can consciously direct the
very process from which he came forth. In such speaking, man is either conceived as the
creator, who arose from an accidental evolution, or if evolution is itself conceived within a
terminology about the divine, man is then viewed as a co-operator, a co-creator with God.
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Let us not be led astray by the last sentence in the quotation. Instead, let us concentrate on
the first part of the text, in which freedom is side by side with nature. Nature is a complex
concept which in Grant’s context brings us to think of the physical world; of evolution,
and therefore of a movement of development determined by material causes. But on closer
examination of this and other passages in his text, Grant seems to be referring first of all to
the related philosophical concept, “essence”. It is primarily in this sense that I will use his
word “nature” in what follows.1
Freedom on the other hand speaks of novelty, uniqueness, unrepeatability, unpredictability.
Human freedom is capable of actions which are not determined by material causes, so much
so that its operation can “conquer nature”, “transcend itself”, and generate progress.2 Grant
reminds us that the believers in the Enlightenment who gave form to North American society
“conceived time as that in which human accomplishments would be unfolded; that is, in the
language of their ideology, as progress”. It is worth briefly looking at that “ideology” as
expressed by one of its principal sources, Immanuel Kant, in order to better understand
Grant’s reasoning.
In his late work “Whether the Human Race is Continually Advancing Toward the Better”3
Kant examines three possibilities; namely, that history is in decline, that it is in progress
toward the better, or that things are stable:
In three cases one could make predictions. The human race exists either in continual
retrogression toward wickedness, or in perpetual progression toward improvement in its
moral destination, or in eternal stagnation in its present stage of moral worth among
creatures (a stagnation with which eternal rotation in orbit around the same point is one
and the same).

The first of these possibilities is quickly eliminated: “Decline into wickedness cannot be
incessant in the human race, for at a certain stage of disintegration it would destroy itself”.
This reasoning seems to have something childish about it when observed from the hither
side of the twentieth century. Perhaps Kant could believe it impossible that the human
race destroy itself; precisely that specter has been an important part of social thought after
Hiroshima.
1

Even a brief treatment of this group of concepts would bring us too far afield for the present paper.
Therefore, I will simply continue to use Grant’s word in what follows, and avoid entering the complex debate
about the meaning of each of these concepts.
2
I am not concerned with confuting the thesis that freedom is mere illusion. Josef Pieper’s affirmation in
“The End of Time” [2], rings true:
history is not simply the “unfolding” of something previously given that was not yet unfolded,
because it is not simply “development”—for this reason, in the sphere of history the concretely
future cannot be calculated in advance, neither by the stars nor by statistics.
3

The essay was not immediately published. It saw the light in 1798 as part of Ref. [3]. For the following
reflections on Kant I am indebted to Josef Pieper’s work [2].
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Kant also believed that a “stagnant” situation in human history would be another impossible
outcome, and so rejected the idea that history is an eternal oscillation without genuine
progress. His reasons for this would be interesting to develop further, but would take us too
far afield in the present paper.4 In the end, he proposes that [3]
there must be some experience in the human race which, as an event, points to the
disposition and capacity of the human race to be the cause of its own advance toward the
better, and (since this should be the act of a being endowed with freedom), toward the
human race as being the author of this advance.

What sort of event5 could be this indicator? Kant proposes that the “universal sympathy”
with which the French revolution was welcomed is the sort of event which indicates progress
toward the better as the form of history. Not the revolution itself, but rather
simply the mode of thinking of the spectators which reveals itself publicly in this game
of great revolutions, and manifests such a universal yet disinterested sympathy for the
players on one side against those on the other, even at the risk that this partiality could
become very disadvantageous for them if discovered. Owing to its universality, this mode
of thinking demonstrates a character of the human race at large and all at once; owing
to its disinterestedness, a moral character of humanity, at least in its predisposition, a
character which not only permits people to hope for progress toward the better but is already
itself progress in so far as its capacity is sufficient for the present.

Kant has perhaps excessive faith in his prediction, and goes on to assert that he has demonstrated in the most rigorous way possible, “in spite of all skeptics”, that the “human race
has always been in progress toward the better and will continue to be so henceforth.” He
concludes his reasoning with a sort of prophetic vision of the end result of this intra-worldly
progress:
Gradually violence on the part of the powers will diminish and obedience to the laws
will increase. There will arise in the body politic perhaps more charity and less strife in
lawsuits, more reliability in keeping one’s word, etc., partly out of love of honor, partly
out of well-understood self-interest.

It is beyond the scope of this article to evaluate further Kant’s ideas, but at least we can
see that to speak of progress, in the terms of the “believers in the Enlightenment”, means
to speak of a forward-thinking, future-oriented mentality which is deeply convinced of its
capability to effect the change “toward the better” that it desires.
4
One of these reasons can be found in his eighth thesis from the “Idea for a Universal History from a
Cosmopolitan Point of View” [4]:

The history of mankind can be seen, in the large, as the realization of Nature’s secret plan to bring
forth a perfectly constituted state as the only condition in which the capacities of mankind can be
fully developed, and also bring forth that external relation among states which is perfectly adequate
to this end.
Kant has a prior commitment to progress which does not permit him to adequately entertain the idea of
“circular” time.
5
It would be interesting to connect this theme with some later thinkers who make frequent use of the
same term (Heidegger, Giussani).
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There are those who turn their nostalgic yearning toward the “golden age” or see time as an
endless circle, but in general our Enlightenment-influenced culture looks to the future.6 This
being-projected-toward-the-future often has an anxious character. The present seems unsatisfactory because it is fleeting and empty. Many find that the past seems dusty, inadequate
or quaint. There may have been great thinkers in the past, but as they did not know the
present time it seems that they cannot have much to say to it. Only the future seems to hold
promise and hope.
In Grant’s words [1]: “To enucleate the conception of time as history must then be to think
our orientation to the future together with the will to mastery.” That is to say, the choice of
the founders of American society falls squarely on the side of freedom, against nature. These
founders and their heirs are brought to seek “mastery” in order to give form to the future.
They think of human freedom as the key to dominating “nature” and giving it a new and
improved form. The desire for mastery and this emphasis on the future and on the exercise
of human freedom has an immense consequence
In the modern call, human wills are summoned to a […] staggering challenge. It is our
destiny to bring about something novel; to conquer an indifferent nature and make it good
[emphasis mine] for us. […] All else in nature is indifferent to good. Our wills alone
are able, through doing, to actualize moral good in the indifferent world. It is here that
history as a dimension of reality, distinguished from nature, comes to be thought. History
is that dimension in which men in their freedom have tried to “create” greater and greater
goodness in the morally indifferent world they inhabit.

Here we begin to see the further consequences of the tension between freedom and nature:
the very goodness of things seems to depend upon freedom. The human project thereby
assumes promethean dimensions, and in order to live his “mission”, man must be strong and
resolute.7 When everything depends upon the will, that will must not waver.
Not only this, man also must accept that all the “ideals” that have given meaning to action
until now are in fact a human creation, and do not reflect any given order at all. The logic
is pitiless. Nietzsche’s critique has shown that all ideals, which he terms “horizons”, are
relative, created by men. If both terms are understood as absolutes, in choosing freedom
over nature, man chooses to drift in an infinite, shoreless sea without any guiding star. And
6

As westerners found their hope in an imaginable future, they turned more and more to mastery; their
concentration on mastery eliminated from their minds any partaking in time other than as future.” Grant,
Time as History, 24.
7
As Grant [1] notes,
The challenge of the will is endless to the resolute, because there is always more “creation” to
be carried out. Our freedom can even start to make over our own species. As Hegel so clearly
expounded, doing is in some sense always negation. It is the determination that what is present
shall not be; some other state shall. But it is positive in the sense that in its negating of what is,
it strives to bring forth its own novel creations. In this sense the burden of creation itself is placed
upon us. Resoluteness for that task becomes the key virtue for the history makers—a resoluteness
which finds the sources of novelty in their own “values”. They assert that meaning is not found in
what is actually now present for us, but in that which we can yet bring to be.
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this is tragic:
Nietzsche affirms that once we know that horizons are relative and man-made, their power
to sustain us is blighted. Once we know them to be relative, they no longer horizon us.
We cannot live in an horizon when we know it to be one.

Once one has realized that values are man-made, even those that one had been willing to die
for, they are no longer capable of sustaining sacrifice, and the “resolute drive to mastery”
finds itself suddenly without direction. Many of our contemporaries wish to “create a better
society”, to “improve the state of the world”. These desires are at the heart of the scientific
endeavor as it relates to technology, and are also deeply ingrained in the drive to affirm the
rights I alluded to in the introduction. Yet, as Grant continues [1],
To say that man has a history and therefore cannot be defined is to say that we can know
nothing about what we are fitted for. We make ourselves as we go along. This is what
Nietzsche means when he says that we are at the end of the era of rational man. We
must live in the knowledge that our purposes are simply creations of human will and not
ingrained in the nature of things. But what a burden falls upon the will when the horizons
of definition are gone. […] We have been taught to recognize as illusion the old belief that
our purposes are ingrained and sustained in the nature of things. Mastery comes at the
same time as the recognition that horizons are only horizons. Most men when they face
that their purposes are not cosmically sustained, find that a darkness falls upon their wills.
This is the crisis of the modern world to Nietzsche.

Progress cannot be wholly determined by God or by nature without eliminating the human
element; and progress cannot be wholly the fruit of man’s action without running into the
contradiction that once man has emancipated himself from every god and from every nature,
he no longer knows what to will.
This is truly a paradoxical result. In affirming freedom over nature, it is freedom which ends
up emptied of significance. Precisely the immense critique which brought about mastery and
the emancipation from “nature” finishes by freezing men’s wills, like self-conscious actors
suddenly unable to remember their lines. Even the most enthusiastic and apparently obvious
crusades for human rights and emancipation, which are a sort of contemporary mirroring of
the Enlightenment mentality, are susceptible to the same chilling critique Nietzsche turned
on the traditional “horizons” he had in mind. At most, according to him, there is a “will to
power” which seeks to affirm some arbitrary “value” upon the world. This activity is deemed
“progress” by those who believe in the values proposed; but Nietzsche sees deeper, and shows
that belief in those values is arbitrary. Is there a way out of this impasse?
Two questions open up at this point which exceed Grant’s affirmations. The first is the
question regarding nature. Is it really true that there is no nature, no prior order to give
direction to willing and mastery?8 Second, one of the strongest reasons for denying the
8

To face this question, among other things we would need to examine the fact that science proceeds by
looking for correspondences, often called “laws”. The mathematical description of reality, the comprehensi-
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existence of nature9 is the idea that to affirm nature would be tantamount to renouncing
freedom. Freedom is so dear that many would prefer anything to becoming slaves.10 This is
to beg the question, however. Is it really the case that true freedom is incompatible with the
existence of nature?

3. Time and maturity
A complete treatment of these two questions would require much more than an article. A
possible resolution can begin to be seen, however, by situating the interplay of freedom and
nature in time.
Perhaps a different word can clarify what we have heretofore denominated by “progress”.
The word “maturity” might help. What matures remains itself, yet is enriched. Something
remains stable (“nature”) and yet there is also a newness which could be thought of as a
first approximation of freedom. A seed becomes a seedling, that becomes a tree, capable
of producing new, overabundant seed. A tree is “better” than a seed in the sense that it
is the fulfillment of the nature of the seed. It can be seen then that “maturity” does not
refer to something static, opposed to freedom and movement, as some are tempted to think
of “nature” being. Nor still is it something in random motion, purely relative, without any
stability.
The example of the development of a seed to a mature tree leaves freedom too far in the
background, however, to be an adequate solution to the problems we have seen. A more
complete example of maturation of the relationship between nature and freedom could be
found in the experience of a close friendship, whose “progress” together is an adventure of
discovery, a deepening of truths already partially known, a movement forward in depth and
intensity, more than in quantity or variety.
The movement in friendship is not toward someone else, as tragically shown in Mozart’s Don
Giovanni. Nor yet is it toward a static nature which could have been described fully at the
beginning of the relationship. As friends live, their nature changes. Or better, they mature.
If they do not, the friendship quickly grows stale and shallow: a friendship which stops
growing ceases to exist as friendship in the full sense. This growth requires a constantly
new adherence11 of freedom, which among other forms takes the shape of renewed selfbility of reality, is a potent indication that some sort of stable natural order, some “logos”, exists in reality.
It would also be interesting to look in depth at what Grant thought about these questions, which certainly
did not escape him, but which seem incomplete in his writings.
9
Recall Nietzsche’s “man is the as yet undetermined animal”.
10
When we think about it, we are inclined to vigorously condemn Dostoevskij’s Grand Inquisitor, who
promises comfort and peace at the price of renouncing freedom. Although when we don’t think about it, we
are just as likely to embrace the mediocrity of panem et circenses.
11
The word is perhaps unusual. I take it from L. Giussani’s thought, and use it to mean, roughly, “choice”.
There is an overtone of the asymmetry between freedom and nature: nature is in some sense stable, while
freedom moves, changes, and “adheres” to it. More importantly, “to adhere” (in Giussani’s original Italian)
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communication and forgiveness. Progress in a friendship means to move toward the full
nature of one’s self and of the other.
Particularly in its beginning and in the crucial moments of growth, the progress in a friendship
has the quality of wonder and surprise, freely given affection for that which is. Each person
adheres to the other, as he or she is now and is becoming. In friendship, newness is not
sought elsewhere or otherwise, but rather within. It is a positive, gratuitous discovery. As it
matures, this discovery takes the form of free self-giving in joy to affirm the other person.
Each of these moments is like what T. S. Eliot described as the “still point of the turning
world”, a paradoxical expression which I borrow to express the moments in which time is
lived as an event, ever renewed and ever itself. In that point, one’s limited capacity for giving
and receiving is filled and expanded, made capable of receiving and giving more. It is an
event of increasing freedom within the continuity of nature.12
In speaking of events, we are again reminded of Kant. He thought that if one could find
a truly unrepeatable and positive event, it would be strong evidence for the existence of
progress toward the better.13 We also find this affirmation in the Jewish people, and not as a
theory but rather as a statement of fact. The belief in creation, in prophecy, and the awaiting
of a Messiah who would end the time of injustice and usher in an age of peace and goodwill,
expresses the particular view of time which we call history. For the Jews, certain exceptional
events later called magnalia Dei, “great works of God”, signaled new beginnings: Abraham’s
call out of his homeland, the exodus out of Egypt, the Babylonian exile and the return and
rebuilding of the temple. These were not mere occurrences, like lightning striking. These
were events, creative acts of God’s sovereign freedom, moments which signaled a before and
an after, in which something new and irrevocable had happened. This is part of the meaning
of the Covenant, a free act stipulated between two parties. After God made a pact with
Noah, with Abraham, and with Moses, a new situation arose.14
The Christian continuation of this reading deepened and complicated the picture. Christian
sacramental theology affirms that the great actions of God, like the creation and the liberation
contains reference to an affectionate, positive stance—not a dry, neutral “choice”. One “adheres” to a proposal
made by another person.
12
It is quite probably the case that society “advances toward the better” as a result of many such friendships
within it forming and maturing. Within those relationships, the disinterested event Kant spoke of is a present
reality and generates true progress. The related question, whether it is the case that macroscopic progress
in society can also be the result of the free decisions made by governments or by powerful individuals, is not
my concern here.
13
The character of being “events” is tied to the freedom of the person who causes the event. Out of
sovereign freedom, ex nihilo, not out of necessity, God “created the heavens and the earth”. Out of sovereign
freedom he chose Abraham, freed the slaves from Egypt, and gave the Law. His action comes from nothing,
it is not possible to deduce it from prior causes.
14
Many questions arise at this point about freedom, God’s action, and the historical value of the Jewish
scriptures. For the purposes of this article, it suffices to observe that this interpretation of facts led to a
typological interpretation of history.
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out of Egypt, continue in life of Jesus and in the sacraments. These magnalia Dei too are to
be considered absolute beginnings within time. The Jewish people interpreted the crossing
of the Red Sea in terms similar to those used in speaking of the Flood, and of the creation
of the world itself; Christian interpretation of the Scriptures includes Christ’s baptism and
each Christian’s baptism in the same line. This leads to a concept of history which proceeds
by discontinuous events, yet is united by an overarching project which is gradually revealed,
and which can be partially discerned in each of the specific events involved.
In the light of these ideas, the question of progress can be seen in a deeper way. According to
the Judeo-Christian reading of history, it is first of all God’s action that generates a movement
“from worse to better”, to borrow Kant’s formulation. This is crucial, because one of the
main reasons for the impasse we reached above was the tacit assumption that human freedom
is either absolute or it does not truly exist. But only divine freedom could be unfettered; the
freedom of a creature cannot have this characteristic. Created freedom is never absolute, it
is always in a relationship both with its creator and with the other creatures that surround
it. This relationship is not necessarily a prison, however. In friendship, the freedom of each
person obeys the nature of the other, and in time may reach ever greater fulfillment of itself
both as freedom and as nature.
In speaking of friendship, I am attempting to speak to all my readers. However, I believe that
an even more intense and complete experience of this kind can be found in the Eucharist.
Although this affirmation places itself outside the experience of some of my readers, it may
still be helpful to describe briefly its close correspondence with the relationship between
freedom and nature in time that we have seen.
The Eucharist can be described in a way which is again reminiscent of Eliot’s poem [5]:
And do not call it fixity,
Where past and future are gathered.
Neither movement from nor towards,
Neither ascent nor decline.
Except for the point, the still point,
There would be no dance, and there is only the dance.

In the Eucharist truly “past and future are gathered.” In the words of the Catechism [6], it is
the memorial of a past event, the physically and temporally localized presence of the Lord,
and it is an anticipation of the future, “pledge of the glory to come”. It is the “new and
eternal covenant”. In the Eucharist, time may be experienced as the contemplated presence
of the eternal. In that contemplation, the human person is brought to ever-greater likeness
to the Image contemplated.
As we noted above, in Christian thought the sacraments are “new creations” in time which
extend and actualize the magnalia Dei of the past. In this sense they are events which
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generate “progress towards the better”. In the Eucharist, this progress is particularly clear.
The physical nature of the bread is raised to heights to which it could never have aspired: its
very substance changes. It becomes viaticum, food for the journey to eternal life. Yet this
movement of ascension does not abolish but rather completes the original nature. It is still
nourishment, albeit on an infinitely greater level.
The sacraments are also essentially the cooperation of man and God. In them we see divine
freedom and human freedom side by side, no longer antagonists. In the Eucharist, which is
the transubstantiation of bread offered as “fruit of the earth and work of human hands”, we
see that the Good which human freedom cannot bring about on its own nevertheless depends
upon human hands to come into being.
Grant’s and Nietzsche’s “darkness upon the will” does not plague human freedom lived
as creaturely obedience. In obedience and in sacramental cooperation, human freedom is
preserved precisely through the generosity and the humility of the hidden God. He does not
force anyone into anything. God freely “lets us be”, offering His gifts, and showing that the
fulfillment of creaturely freedom has the same form. This then is progress: in the free act of
receiving the gifts of the Creator and offering them back to Him, we and our world progress
toward maturity.
The tension between freedom and nature, then, is not so absolute as it seemed. If the proper
distinction is made between created and divine freedom, and the interplay between human
freedom and nature is observed in time, it is possible to understand both terms in their
beauty and richness without reduction, and it is not necessary to choose one over the other.

Bibliography
1

2
3
4
5
6

Grant,G. (2000). “Time as History”, in Collected works of George Grant, ed.
Arthur Davis (University of Toronto Press). Podcasts for these lectures is available online at http://www.cbc.ca/ideas/massey-archives/1969/11/07/masseylectures-1969-time-as-history/.
Pieper, J. (1999). The End of Time, Ignatius Press, San Francisco (1999).
Kant, I. (1979). Der Streit der Fakultaten, trans. Mary J. Gregor, The Conflict of the
Faculties (Abaris Books; New York), 145.
Kant, I. (1784). Idea for a Universal History from a Cosmopolitan Point of View. Translated by Lewis White Beck, “On History”, The Bobbs-Merrill Co. (1963).
Eliot, T.S. “Burnt Norton, II”, The Four Quartets.
Catechism of the Catholic Church, 1402-‐1405.

110

Music: a friendship between humans and time
Roberto Andreoni

Volume 7
Summer 2014
journal homepage

Conservatorio di Musica N. Piccinni, Via Cifarelli 26, 70124 Bari, Italy.
roberto.andreoni@unicatt.it

www.euresisjournal.org

Abstract
Thousands of years of philosophical debate as well as our direct experience, seem to confirm that
music in one of the fields of human expression that succeeds at managing time as a friendly platform.
Human beings of all cultures have always experienced the sounds of music as pleasant ordering
factors of many time-related aspects of their existence and activities. Yet, music seems to convey
such a simplifying power while revealing its own complex, multi-layered structures that ramify across
cognitive, psychological, physical and intellectual territories. The analysis and acquaintance with
these simultaneously interacting layers of complexity, despite all possible applications of modern
technologies, have not overcome an ultimate sense of mystery that remains within, about and around
the phenomenon of musical time. It is a friendly mystery, though, that exceeds the accounting of its
own components but still allows music to remain a trustworthy, healthy companion to each person’s
lifetime.

What is time? If no one asks me, I know what it is. If I wish to explain it, I do not know.
Time implies an irreversible sequence of “before” and “after.” My awareness of time is
supported by the sensory experience of touching and hearing. (St. Augustine)
Space and time are the framework within which the mind is constrained to construct its
experience of reality. (I. Kant)
Time is like an empty box inside which all events occur. (I. Newton)
Music celebrates a friendship between humans and time. (I. Stravinsky)

1. Music: a friendship between humans and time
The famous quotes above challenge me to clarify my own relationship with time: this is
a word that, as we see, seems to be loaded with very different existential implications at
different ages, places and conditions of human history. As a musician, I feel particularly
intrigued by the unexpected positive view of Stravinsky, who feels time not as a constraining
limitation, but as friendly partner with whom human beings can dance at the sound of music.
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Augustine’s amazing inner photography of how we concretely experience each instant of Time
is still very vivid in my daily perception, as well. I realize that also an approach to time
in terms of theoretical challenge and Newton’s architectural approach to time as a platform
available to be planned by human agendas are both very present in our life nowadays. In
the Italian language the word time (tempo) is charged with such a diversity of semantic
references that is sometimes confusing and insidious to deal with it, even for musicians. We
will therefore try to get acquainted with the many facets that identify some of the complex
meanings of such a simple word.
Rather than unifying definitions, we should search for some experiential minimum common
denominator of what “musical time” is. In order to do this, we must probably dig in our
infant, pre-verbal memories [1].
We probably start experiencing musical time already in our early infanthood, when our
parents or siblings invite us to clap along some simple exciting song. The viral video of an
Italian baby’s joy1 when listening to the sound of a rock song is a great example of that
precise experience: his attention, focus, recognition of timbre-related changes and phonemes
reaches a climax in the instinctive motion that allow him to beat his hands along with
the attack of the bongos. It is certainly a fairly universal, neurological-based reaction that
transcends culture, education and other contingent factors. We can say that our primordial
approach to musical time has to do with the motoric, pre-verbal recognition and fine-tuning
with a beat. In ancient Roman culture such a parameter was already familiar, and named
tactus. The etymology of this word carries within itself the “tactile” implication mentioned
by Augustine’s quote: somehow the beat could be defined as an instant of musical time that
arouses the physical impulse to touch the ground with a foot, or clap hands.
However, when a sequence of isochronous pulses proceeds with no difference of any sort
among beats, our perception of time is almost annulled, frozen, rather than driven by the
beat. Think for example of the monotonous tolling of a metronome2 : only the stress put
on certain beats can wake our attention up providing the beats sequence with the dignity of
interesting sound events. It is not only the dynamic stress of a stronger sound that can cause
this accentuated emphasis but also, for example, the longer duration of a sound, or its different
range (higher/lower). These psychoacoustic phenomena have been empirically well known
for centuries, but only recently studied in a systematic, scientific manner. Stressed beats, on
their turn, tend to sort the other neighboring beats hierarchically: our brain perceives them
as starters of the beats that follow.3 As it is in life, every important event acquires the value
of a new beginning. It is indeed thanks to the Gestalt Principles of Perception that our brain
tends to search for patterns, and to group events accordingly. For example, think of a waltz
1

Video available in this url: https://www.youtube.com/watch?v=qaRmg77Ud48.
See https://www.youtube.com/watch?v=Ihz1jZqz6uM for an illustration of how a metronome works.
3
It is the ”Grouping Law” that is explained by Diana Deutsch in “The Psychology of Music”. [quote
properly]
2
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beat and the next ones provides these with a further hierarchic value: we perceive them
as strong beats (the so-called downbeat), as a metric measurement unit4 . Such unit then
becomes the implicit, mental reference point for those who play, sing, conduct or merely read
music.
As it is for language, also in music meter implies the conquest of an advanced, structured level
of both morphology and syntax. In Western Music the predilection for a metrical approach
became progressively important, in proportion to the need of synchronizing the co-existence
of heterogeneous yet simultaneous events: that is why polyphonic music grew parallel to
the subordination of rhythmic chant to a metric frame of mind. In that way, the rhythmic
freedom of each voice could be “held together” to the rest thanks to a mental obedience to
the metric background.
What we exposed so far is somehow the summary of the concepts that the vast majority of
music theory manuals have been sharing as pivotal for about four hundred years. However,
I believe that as soon as we distance ourselves from keeping pulse as our minimum common
denominator, contradictions, ambiguity and arguments begin: between rhythm and duration, cyclic vs free accents, regularity vs irregularity, the triumph of metrics vs its complete
elimination.
Long before Riemann’s studies around the beginning of the 20th century [2], perhaps already since the Platonic approach conflicted with the Pythagorean one in ancient Greece,
all the way down to the post-serial standpoints, Western Music theorists have been debating as to whether rhythms and meters are quantitative phenomena rather than qualitative
4

The musical measure or bar is nothing but this.
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ones. Do they come from combinatorial calculations of durations, and as such they imply a
predilection for a proportional/mathematical approach?5 Do they rather relate to the physiological/neurological cycles of arsis/thesis, tension/relaxation; repetitive downbeat/upbeat
gestures typical of swimmers, walkers, bowmen, craftsmen; the inhaling/exhaling process;
the jumping/falling sequence, and so forth?
In my opinion I feel that this problem is unresolvable, like the dilemma of the chicken or the
egg, as rhythm and meter generate each other in perfect reciprocity. Quality and quantity
are two ever co-existing, yet apparently opposite faces of the same coin.
After all, even the problem of performance synchronization had been resolved since the
ancient times, through both the metrical recitation of Greek tragic choirs or, on the other
hand, the totally a-metric melisma of Christian Chants.6 Plainchant simply held tight to the
stressed syllables of each word in the sacred text to be sung.
Interlocked rhythmic patterns that are totally independent both from meters and lyrics create
spectacular polyphonic textures also in certain extra-European traditions, as we see in the
micro-fugato yoddle of the Baka Pygmies tribes.7 They generate poly-rhythm and a feeling of
“vertigo” even in the most educated western listener: such lack of stability is conveyed by the
absence of a unifying meter. Meter, in western music has indeed the function of a solid ground
for musical time to run and unfold, whereas the multiple simultaneous rhythms on which this
music is based turn out to be perceived as a sort of sliding ground to opposite directions.
Traditionally we can neither dance nor play together with others unless we mentally “count”
the beats that subdivide bars.8
This is a very intriguing frontier for the contemporary composer. Even the simplest polyrhythmic patterns bring such a variety of textures to life, that can stimulate and modify the
psychological time of our music listening as our attention is captured by the identification of
single patterns and their kaleidoscopic permutations.
Visual evidence comes at a glance if we look at the holes punched in the roll of a player piano:
the example in Fig. 2 is one of the famous polyrhythmic studies by American composer Conlon
Nancarrow.9 No traditional music notation could have ever been adequate to represent such
a complexity of time-curves, as it goes way beyond the organization of mere multiple/submultiple rhythmic values.
As we zoom out from miniature details, the research about our perception of musical time
5

Abstract? Symbolic?
https://www.youtube.com/watch?v=MDiADz1a8KI
7
https://www.youtube.com/watch?v=cATZe_jlc9g
8
“Metric thinking” is such a rooted practice in European tradition that it has become normal even for
jazz musicians…Measuring time must be that advantageous!…
9
https://www.youtube.com/watch?v=f2gVhBxwRqg
6
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Figure 2: Polyrhythmic studies by American composer Conlon Nancarrow.
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Otherwise, does it flow as an unpredictable wave, and all we can do is learn how to surf it
safely, playfully, with more or less skills and dexterity?11
Continuing with the analogy of time as a flowing current, we encounter a further musical
implication: it is expressed by tempo, an Italian word which means time, indeed.
The creative pioneers of Italian instrumental music since the beginning of the 17th Century
realized how insufficient to clarify a musical thought it was to notate it merely as a map
of variable proportions between different rhythmic values in reference to a fixed meter and
an abstract pulse. Scores could have been interpreted too arbitrarily fast or slow: it was
necessary to find a notational tool to suggest the right “pace” of the piece, and therefore
the exact speed of its pulse. Since the most familiar cyclical pulse in the daily experience of
human beings is indeed that of one’s own pace, they chose the human pace as a reference
parameter: it was sufficiently subjective but also universally easy to relate to its changing
speeds. Since then, a bunch of Italian words have merged the universal glossary of music
theory as expressions of agogics12 : they are a quick experiential reference for each performer or
conductor, who will pick the “right speed”, mood, or conduct of a certain piece by comparison
10

This seems to be the underlying mentality of contemporary structuralism in music as well as – paradoxically – that of commercial music.
11
This might rather be a good metaphor for the jazz/rock improvisational approach.
12
The Greek etymology of this word (αγωγη) means indeed “movement”.
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with the suggested pace: ADAGIO, representing forcefully slow steps, as one would walk in a
procession or a funeral; ANDANTE, representing one’s own natural, average walking steps;
ALLEGRETTO, for pretty quick steps; ALLEGRO, fast and hasty; PRESTO, for the speed
of running steps, and many more colorful terms.
Musical time, therefore is not mere pulse, stress, rhythm, meter, but also flow: time, in
our daily psychological perception of hours passing, can proceed along with a quick/slow
imaginary pulse, or rather accelerating/slowing through infinitely diverse curves. It can even
be rubato, an Italian word that means “stolen”: pulses stolen from the regularity of the set
tempo and returned to the irregular beat twisting, pausing, breathing, sighing or holding as
each performer may feel necessary in order to personalize the psychological feel of the music
flow.
Music history, which unfolds according to the changing of cultures and mentalities, shows how
the measurement parameters of music tempo moved gradually from being most connected
to human physiology (human steps) to a progressively automatic control tools: first it was
the invention of the metronome, all the way down to digital sequencers and software that
allow musicians to create, control, correct music within the frame of milliseconds. Inevitably,
digital music ended up sounding so unbearably non-human, that correcting plug-ins13 had to
be invented in order to ultimately randomize and humanize the digitally edited music tracks.
I find it quite hilarious that one of the most recognizably human attributes of musical time
is “imperfection”…
This said, it is important to add that the American philosopher Suzanne Langer underlines
that [3]
[…]our perception of musical speed is neither necessarily related to a fast agogic tempo, nor
to the emphasis placed upon small rhythmic subdivisions, but to the frequency of changing
events, instead…

For example, the frantic tempo changes in the music composed by Carl Stalling for the Warner
Bros cartoons in the ’40es and ’50es14 are directly driven by the previously edited images in the
film. Along with them, they must operate continue, rapid changes of style, harmony, tempo,
timbre, rhythm, dynamics and melody: such music actually sounds much “faster” than certain
minimalist compositions based on frantic, repetitive pulse subdivisions, yet poor of relevant
changes within the structures of music itself15 . Current studies in psychoacoustics [4] confirm
that a musical excerpt filled with non-repetitive events seems to run faster than an equally
long excerpt rich of quick yet repetitive notes, as the former somehow keeps our brain more
busy and alert, while repetition encourages either hypnotic or soothing annulments of the
time-flow.
13

https://www.youtube.com/watch?v=_SAljfVnc2Q
https://www.youtube.com/watch?v=kkQha4sKAVU&list=PL74AC8C0A9B09E0B5
15
https://www.youtube.com/watch?v=8zAcUBZ2yvc
14
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If we compare these categories to the concept of musical time as it was in 17th, 18th and
19th Century, we find no track of the fragmented accelerations that we just described, and
no track of repetitive loops, either. Western Classical music had rather found its own ideal
in the structural logics of human language and its complex structures, unfolding as shown in
Fig. 3:
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in mind when he described the flow of time in terms of “tactile” experience, along with the
dynamics of memory, expectation and surprise? To understand this we have to zoom out
towards an even larger scale.
While listening to music, we can easily notice that our memory is indeed in charge of keeping
a sort of real-time accounting of both the quantity and quality of musical events that occur.
It does so by instantly processing some sort of instinctive, quick analysis, thanks to which
our brain compares sound-events with the previously listened ones and sorts them according
to logical categories (this melody is identical, this rhythm is similar, this range is different,
this dynamics is quite the opposite, etc.). The focused listener’s memory can’t help but
keeping track of the unfolding musical section, screening and searching for all possible existing
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Figure 4: Uninterrupted dynamics of expectation versus surprise in musical time.
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advanced musical analysis?” Honestly I believe that beauty, truth and strength are out there
for us to grasp in all the arts, no matter what the level of our expertise is. One of the most
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Abstract
In this contribution, I shall focus on: 1) the necessity of always thinking of causality in terms of
time: both with respect to the natural causality and the causality inherent to free will. Here it is time
that “produces” causality; 2) the possibility of thinking of a causation without time. Here it causation
that produces time, namely the creation. In this perspective, we can distinguish two fundamental
types of time: the time as it is measured and the time of event; respectively, a quantitative and a
qualitative time. The question then is: do these two types of time flow parallel to each other or do
they intersect? This means to rethink the different meanings of the term “experience”. Included are
interesting suggestions by eminent thinkers such as Plato and Plotinus, Aristotle, Augustine and
Thomas Aquinas, Bergson and Heidegger.

Since its beginnings, the concept of Time in philosophy has been conceived as the history of
the generation of Being.
This History is called “Becoming”, and its very aim is to think about the absoluteness and
the immutability of Being (as Being is absolutely not Nothingness or is the Absolute One),
including its features of Movement and Change. Those features mark all the phenomena
that are objects of our sensible experience, and always imply a passage from Nothingness to
Being and from Being to Nothingness, as a mediation between identity and multiplicity or
diversity.
Seen as the history of the generation of Being, Time is tightly linked to the idea of Causality,
and this occurs at a “double level”:
• At the first level, Time raises the issue of something that begins to be which was not
before or was not already determined as it is. So, in the utter and determined sphere
of Being enters “the wound” of happening, the interaction between Being and Not
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Being, the possibility for our mind to accede to the manifestation or the “giving” of
phenomena. So, what is it that allows Being to “happen” in Time? If each and every
causation of phenomena always implies Time —since it marks a passage from what
was before toward what was afterwards— where does Time in itself come from? It is
certainly not possible that Time could exist even before time as it would be circularly
pre-supposed from itself.
• That leads us towards another level which is not only about the mere beginning of Being
of something that was not before, but more radically, it regards the very beginning of
Time itself. We are moving from the concept of Time inherent to the Cause, to the
problem regarding the cause of Time. We are dealing with the passage from the dynamics
of generation and corruption (as Aristotle named them in his Physics) to the production
of Being in itself: which is well known in the philosophical and theological field even
before the idea of the big bang, at least in the trajectory from the Islamic philosopher
Avicenna towards the Catholic theologian Thomas Aquinas.
The problem of Time, as it is conceived in its constitutive relationship with Causality, indicates the ineluctable relationship between the cause of phenomena and the cause of Being
itself. Indeed, the problem of Time is a physical and metaphysical matter at the same time.
It is worth briefly tracing some of the most significant analytical steps in order to better
understand the problem we are dealing with, i.e. that Time is a very difficult matter to
explain, not so much when we want to understand its way of working but much more when
we are dealing with its nature. Indeed the nature of Time is at the crossroad between dimensions and factors of reality and experience which cannot be isolated one from the other or
opposed: Being and Nothingness, Identity and Difference, Finite and Infinite, Eternity and
Contingency.
When Plato in the Timaeus describes the feature of the Demiurge, who imprints in the
sensible or material world the image of the eternal world of ideas – in the chòra intended as
the receptive space of every form – he actually talks about the causative power of Ideas. It
is not the Demiurge but the Ideas as principles that act as the cause of Being, and thanks to
this causative power Time is generated as “movable image of Eternity” [1].
And when the Father that engendered it perceived it in motion and alive, a thing of joy
to the eternal gods, He too rejoiced, and being well-pleased He designed to make it resemble its Model still more closely. Accordingly, seeing that that Model is an eternal Living
Creature, He set about making this Universe, so far as He could, of a like kind. But
inasmuch as the nature of the Living Creature was eternal, this quality it was impossible
to attach in its entirety to what is generated; wherefore He planned to make a movable
image of Eternity, and, as He set in order the Heaven, of that Eternity which abides in
unity He made an eternal image, moving according to number, which we have named Time.
For simultaneously with the construction of the Heaven He contrived the production of
days and nights and months and years, which existed not before the Heaven came into
being. And these are all portions of Time; even as “Was” and “Shall be” are generated
forms of Time, although we apply them wrongly, without noticing, to Eternal Being. For
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we say that it “is” or “was” or “will be,” whereas, in truth of speech, “is” alone is the
appropriate term; “was” and “will be,” on the other hand, are terms properly applicable to
the Becoming which proceeds in Time, since both of these are motions; but it belongs not to
that which is ever changeless in its uniformity to become either older or younger through
time, nor ever to have become so, nor to be so now, nor to be about to be so hereafter,
nor in general to be subject to any of the conditions which Becoming has attached to the
things which move in the world of Sense, these being generated forms of Time, which
imitate Eternity and circles around according to number. And besides these we make use
of the following expressions, – that what has become is become, and what is becoming is
becoming, and what is about to become is about to become, and what is non-existent is
non-existent; but none of these expressions is accurate.

That is to say, what properly is —the intelligent principles of things or Ideas— has an
eternal nature, such that in fact it richly and absolutely exists in the present. Ideas are, and
we cannot say that before they were and now they are not; or that they are not yet but
they will be in future. They are, but they are not becoming, insofar as they never happen
since they are eternal. It is only when they start to cause (it is noteworthy that we have
just said when so we have presupposed Time) that we become aware of them; therefore, it
will be better to say: only considered as causes of things, thanks to the mediation of the
Demiurge, Ideas generate Time along with Movement and Change. Eternity, completed in
an immovable present, generates the “becoming”, as its image or copy. But this image is in
accordance with the number: its numerability is, according to a Pythagorean inspiration, the
perfect translation of Eternity into Movement.
What attracts our attention here is the connection between Being and Eternity on the one
hand and Time and number on the other. It is not about an opposition but a chasm because
in the world of Becoming and Change what remains is the footprint of the ideal principle
as exercise of intelligence. We have pointed out that, according to Plato, Ideas are not
only perceived as objects of intelligence but also as active intelligence themselves (and so, as
Causes). That is why in the Platonic tradition —thinking about an emblematic author such
as Plotinus— the numerical measure of Time is the Soul, the third hypostasis descending
after the One and the Intellect. The first two hypostasis constitute the model of Eternity
and absolute and infinite perfection; the Soul, instead, has a life marked by a continuous
possibility of degradation. This life is marked by Time. More than the single individual soul,
here we are talking about the World Soul, taking into consideration the entire kingdom of
nature. This is an idea that has had great success beginning in the philosophy of the Italian
Renaissance (let us think about Giordano Bruno) through the contemporary new age visions
linking physical nature and spiritual one [2].
[To this end] we must go back to the state we affirmed of Eternity, unwavering Life,
undivided totality, limitless, knowing no divagation, at rest in unity and intent upon it.
Time was not yet: or at least it did not exist for the Eternal Being, though its being was
implicit in the Idea and Principle of progressive derivation.
But from the Divine Beings thus at rest within themselves, how did this Time first emerge?
[…] The engendered thing, Time, itself, can best tell us how it rose and became manifest;
something thus its story would run:
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Time at first —in reality before that “first” was produced by desire of succession— Time
lay, self-concentrated, at rest within the Authentic Existence: it was not yet Time; it was
merged in the Authentic and motionless with it. But there was an active principle there,
one set on governing itself and realizing itself [= the All-Soul], and it chose to aim at
something more than its present: it stirred from its rest, and Time stirred with it. And
we, stirring in a ceaseless succession, to a next, to the discrimination of identity and the
establishment of ever-new difference, traversed a portion of the outgoing path and produced
an image of Eternity, produced Time.
For the Soul contained an unquiet faculty, always desirous of translating elsewhere what
it saw in the Authentic Realm, and it could not bear to retain within itself all the dense
fullness of its possession. […]
To bring this Kosmos into being, the Soul first laid aside its eternity and clothed itself
with Time; this world of fashioning then gave over to be a servant of Time, making it at
every point a thing of Time, setting all its progressions within the boundary bournes of
Time. For the Kosmos moves only in Soul - the only Space within the range of the All
open to move in - and therefore its Movement has always been in the Time which inheres
in Soul. […]
Would it, then, be sound to define Time as the Life of the Soul in movement as it passes
from one stage of act or experience to another?
Yes; for Eternity, we have said, is Life in repose, unchanging, self-identical, always endlessly complete; and there is to be an image of Eternity —Time— such an image as this
lowers All presents of the Higher Sphere. Therefore over against that higher life there
must be another life, known by the same name as the more veritable life of the Soul. […]
Time, however, is not to be conceived as outside of Soul; Eternity is not outside of the
Authentic Existence: nor is it to be taken as a sequence or succession to Soul, any more
than Eternity is to the Divine. It is a thing seen upon Soul, inherent, coeval to it, as
Eternity to the Intellectual Realm.

Certainly Time is a loss of infinite richness of the eternal reality of Being; this loss is not a
simple abandonment of Eternity but a positive restlessness of Soul that generates the sensible
world as a temporal image of the eternal kingdom of One and Intellect. Time as life of the
Soul is that which allows entities (bodies) to come to life, dilating, expanding, and moving
the image of the immutable Eternity in the world of mutation.
Let us take a step back in order to dwell on the canonic definition of Time as it was given in
the ancient world by Aristotle, which is still unmatched, because it links in a paradigmatic
way its inherence with Movement and its reality into the Soul. More precisely, in order to
understand that Time inheres in the soul, we must consider Time’s objective non-existence.
In fact, according to Aristotle, Time seems to belong to the purview of non-being – it properly
does not exist [3]:
…First, does [Time] belong to the class of things that exist or to that of things that do not
exist? Then secondly, what is its nature?
To start, then: the following considerations would make one suspect that it either does not
exist at all or barely, and in an obscure way. One part of it has been and is not, while the
other is going to be and is not yet. Yet time —both infinite time and any time you like to
take— is made up of these. One would naturally suppose that what is made up of things
which do not exist could have no share in reality.
Further, if a divisible thing is to exist, it is necessary that, when it exists, all or some of
its parts must exist. But of time some parts have been, while others have to be, and no
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part of it is though it is divisible. For what is ‘now’ is not a part: a part is a measure of
the whole, which must be made up of parts. Time, on the other hand, is not held to be
made up of ‘nows’.
Again, the ‘now’ which seems to bind the past and the future – does it always remain one
and the same or is it always other and other? It is hard to say.

At this point of our discourse we are coming across a true aporia: by the passing of time,
each and every instant that previously existed must always have ceased-to-be. In that case
if the instant that passes remains one and the same that would mean it would continue to
exist in itself (so that it would not pass any more); on the other hand, if it ceased to be in
another instant, it would not be one and the same but it would be multiple and not-identical,
therefore it would not be subsisting at all. In short, time existing yet, would not exist. Does
it belong to the mere not-being?
Our natural and common experience though, shows us that the Being is in time and we easily
understand it by noticing that Being is always in movement. With regard to this, Aristotle
says that a fundamental disjunction occurs between Time and Movement and this disjunction
is likely to be of an ontological kind: Movement in fact does not exist in itself but it consists
only in what receives Movement, in what is moved. Out of what receives Movement it is
impossible to conceive the movement itself. Time, instead, “is present equally everywhere
and with all things”. There is also another difference between Time and Movement, since
“change is always faster or slower, whereas time is not: for ‘fast’ and ‘slow’ are defined by
time -– ‘fast’ is what moves much in a short time, ‘slow’ is what moves little in a long time;
but Time is not defined by time, by being either a certain amount or a certain kind of it”.
This leads Aristotle to reformulate his entire thought about Time: “Is it clear that time is
not Movement itself” or Change; but, on the other hand, is it also clear that “without the
existence of Change, the existence of Time would not be possible”.
As Aristotle says [3]:
[…] for when the state of our own minds does not change at all, or we have not noticed
its changing, we do not realize that time has elapsed […]. If, then, the non-realization of
the existence of time happens to us when we do not distinguish any change, but the soul
seems to stay in one indivisible state, and when we perceive and distinguish we say time
has elapsed, evidently time is not independent of movement and change

What does it exactly mean that Time is neither Movement nor independent of Movement?
More precisely, what does it mean that time is a necessary feature of movement?
Now we perceive movement and time together: for even when it is dark and we are not
being affected through the body, if any movement takes place in the mind we at once
suppose that some time also has elapsed; and not only that but also, when some time is
thought to have passed, some movement also seems to have taken place. [3].

The link and connection between Time and Movement is detected from Aristotle in “mag127
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nitude” (meghetos), which is the measurement of a continuous quantity of Movement of a
being from a point towards another point. Here there is a measureable passage between
two points, that from a precedent (proteron) towards a subsequent (hysteron). What is the
nature those elements? They partake of Movement as measured by magnitude. And insofar
as Time comes after mMvement, what is precedent and what is subsequent is also in Time.
But, as Aristotle cunningly points out, the precedent and the subsequent are different from
Movement. When we think about the passing of Time we do think about a sort of movement
and passage from an instant that was before to an instant which comes afterwards. But
here we are coming across a kind of circle: what comes first and what comes afterwards into
Movement is what properly allows us think about Time; but simultaneously, what comes
first and afterwards are elements properly thought of in terms of Time. In fact Time in itself
marks the passage from what comes first to what comes afterwards [3].
Now we mark them by judging that A and B are different, and that some third thing is
intermediate to them. When we think of the extremes as different from the middle and the
mind pronounces that the ‘nows’ are two, one before and one after, it is then that we say
that there is time, and this is what we say that time is. For what is bounded by the ‘now’
is thought to be time – we may assume this. When, therefore, we perceive the ‘now’ one,
and neither as before and after in a motion nor as an identity but in relation to a ‘before’
and an ‘after’, no time is thought to have elapsed, because there has been no motion either.
On the other hand, when we do perceive a ‘before’ and an ‘after’, then we say that there
is time. For time is just this – number of motion in respect to ‘before’ and ‘after’. Hence
time is not movement, but only movement in so far as it admits of enumeration.

Time is determined by instants of what comes first and what comes afterwards or, to be
more clear, it is the way in which Movement is numerated according to a certain continuous
quantity that runs between a before and an after; but the before and the after are instants
that exist only because they are numerable or measurable. In other words, time is not
composed by instants in themselves (since an instant itself does not have quantity) but it is
composed by the passing of instants. Time is what is measured (as passing of hours) and
what measures, it is what let us acknowledge what comes first and what afterwards.
What measures in Time is the Soul: [3]
Whether if soul did not exist time would exist or not, is a question that may be fairly asked;
for if there cannot be someone to count there cannot be anything that can be counted, so
that evidently there cannot be numbers; for the number is either what has been, or what
can be, counted. But if nothing but soul, or in soul reason, is qualified to count, there
would not be time unless there was the soul, but only that of which time is an attribute, i.e.
if movement can exist without soul, and the before and after are attributes of movement,
and time is these qua numerable.

The nature of Time have led us to hypothesize that it does not belong to the ambit of
existence but rather of not-being, since it consists in passing. On the other side this passing
is measurable/numerable as passage from what comes first and afterwards. But first and
afterwards belong to Movement only because they are measured by the Soul, which is why,
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as we have seen with Aristotle, the existence of Time obtains its specific profile only through
the existence of Soul.
Augustine further explicates these issues. His departing point is his comment to the first line
of the Book of Genesis (in Book XI of The Confessions): “At the very beginning God created
heaven and earth”. Augustine asks his God [4]:
But how did You make them? How, O God, did You make heaven and earth? Verily,
neither in the heaven, nor in the earth, did You make heaven and earth; nor in the air,
or waters, seeing these also belong to the heaven and the earth; nor in the whole world
did You make the whole world; because there was no place where to make it, before it was
made, that it might be. Nor did You hold anything in Your hands, whereof to make heaven
and earth. For whence should You have this, which You had not made, thereof to make
anything? For what is, but because You art? Therefore You spoke, and they were made,
and in Your Word You made them.

The word of God is the very beginning (principium as Origin and Cause), the “eternal
Reason” from which everything has been created; but this creation is not about the beginning
of Time (principium as Beginning) as though a divine act happened at a determined instant.
If it were true, one need to ask: “What was God doing before He made heaven and earth?”.
This question raises absurd and pointless problems – if God was doing nothing before creating
the world why would he want to create it afterwards? That would mean His will is unlike his
Being, eternal and immutable But if the divine will is immutable, the creature also should
be eternal, not coming to life or dying. What we really do not understand is how, into God
and by God who is the eternal present, things which pass could be created. Asking then
what God was doing before creating the world is a senseless question since it pre-supposes
that God was placed into such an order —the order of Time— that Himself has created by
creating the world.
Augustine ask a more radical question: Quid est tempus? [4].
For what is time? Who can readily and briefly explain this? Who can even in thought
comprehend it, so as to utter a word about it? But what in discourse do we mention
more familiarly and knowingly, than time? And, we understand, when we speak of it; we
understand also, when we hear it spoken of by another.
What then is time? If no one asks me, I know: if I wish to explain it to one that asks, I
know not: yet I say boldly that I know, that if nothing passed away, time past were not;
and if nothing were coming, a time to come were not; and if nothing were, time present
were not. Those two times then, past and to come, how are they, seeing that the past now
is not, and that to come is not yet? But the present, should it always be present, and
never pass into time past, verily it should not be time, but eternity. If time present (if it
is to be time) only comes into existence, because it passes into time past, how can we say
that either this is, whose cause of being is, that it shall not be; so, namely, that we cannot
truly say that time is, but because it is tending not to be?

The consequence is highly relevant: if past and future do not exist, neither can I measure
them, nor can I talk about times or intervals of Time, either short or long. I cannot say
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that a period has been short or it will be long only for the simple reason that it is not at all
(and so neither has been nor will be). Indeed, “what does not exist cannot be measured” [4].
What really exists (or seems to exist) is only present. But here comes the paradox of Time:
the present exists without any extension, since in the very moment I would like to localize
its duration on the line of time, it would have passed yet. Even its slightest duration will be
too much for the present!
How, then, do we perceive and measure the intervals of time? What we measure is the “passing” or the “passage” of time, but only due to the fact that we perceive it (“but we measure
times as they are passing, by perceiving them” [4]). From this point departs the brilliant
solution of Augustine about the matter of Time: what we measure are not past or future
times or their passing, but rather we measure, in the present, our way of perceiving them.
It does not mean though that time ceases to be “objective”, becoming merely “subjective”;
instead, we need to understand, according to Augustine,that Time is the original modality
of the structure of the world which enters the sphere of our experience.
Therefore, Augustine points out that the ontological consistency of the past is not to be
found in the past itself, but rather in the present; similarly, the consistency of the future is
to be found in the present. In the first case this consistency is manifested in memory, while
in the second case through foreboding or prediction [4]. We can say that the present is the
Time of Soul or, more descriptively, the Soul as room-of-Time, as an opening or stretching of
the human consciousness that allows us to embrace the continuity of Being or the happening
of reality [4]:
What now is clear and plain is, that neither things to come nor past are. Nor is it properly
said, “there be three times, past, present, and to come”: yet perchance it might be properly
said, “there be three times; a present of things past (praesens de praeteritis), a present
of things present (praesens de praesentibus), and a present of things future (praesens de
futuris).” For these three do exist in some sort, in the soul, but elsewhere I do not see
them; present of things past, memory; present of things present, sight; present of things
future, expectation. If thus we be permitted to speak, I see three times, and I confess there
are three. Let it be said too, “there be three times, past, present, and to come”: in our
incorrect way. See, I object not, nor gainsay, nor find fault, if what is so said be but
understood, that neither what is to be, now is, nor what is past is now in existence. For
but few things are there, which we speak properly, most things improperly; still the things
intended are understood.

To which conclusion does this discovery lead us regarding the nature of time? First, we reject
the hypothesis of Time as a bare cosmological phenomenon. Time cannot be thought of, in
its nature, as a mere movement of a body. It is obvious that I could measure the duration of
motion with Time, from its beginning to its end or, better, from when I start to see it until
when I finish seeing it. Even further, I can measure its rest. But Time is not the same as
Movement; so, what is Time? I measure Movement with Time, but I do not know yet how to
measure Time itself. One would say that Time is measured by Time, as seen with Aristotle.
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Is this a tautology or circular reasoning?
Augustine suggests that it is neither a tautology nor circular: it seems to be a peculiar phenomenon of our conscious experience. When we pronounce a verse or a phrase, we pronounce
the syllables that compose words, whether they are short or long. Each and every syllable
has its own length, and so it occupies its relative piece of time. But in the passage from one
syllable to another how can I measure the second one as a long one? This second syllable has
a double extension in comparison with the previous one which was short but as soon as I start
to measure the second, the first one has just ceased to be. This connection is possible only
because I do not measure syllables themselves for they are not any more, but I do measure
something in my memory, which there remains fixed. And so [4]:
“It is in you, my mind, that I measure times. Interrupt me not, that is, interrupt not
yourself with the tumults of your impressions. In you I measure times; the impression,
which things as they pass by cause in you, remains even when they are gone; this it is
which I measure in the present, not the things which pass by to make this impression.
This I measure, when I measure time”.

Time is then a distentio animi, “the stretching of mind”, the structure of human Soul that
stretches out from present to past and towards future: consciousness becomes in this way
memory (memoria) of what was and is not anymore and, at the same time, it waits for what is
not yet. So, present has the structure of adtentio, ”attention” in which awaiting realizes itself
in the present and from the present becomes memory. At this point, Time finally obtains its
ontological weight, its existence within consciousness and as consciousness itself [4]:
Who therefore denies, that things to come are not yet? And yet, there is in the mind an
expectation of things to come. And who denies past things to be now no longer? And yet
there is still in the mind a memory of things past. And who denies the present time hath no
space, because it passes away in a moment? And yet our attention is something constant
and enduring, and through it that which shall be present proceeds to become absent. It
is not then future time which is long, for as yet it is not: but a long future, is “a long
expectation of the future,” nor is it time past, which now is not, that is long; but a long
past, is “a long memory of the past”.

Everything which is caused occurs in Time, but the cause of Time is not Time itself. Ancient
as well as Christian thought calls this timeless cause “Eternity” (the ideal model of the world
according to Plato, the circular movement of the celestial spheres according to Aristotle, the
act of an intelligent and free Creator according to Augustine). The Platonic, Aristotelian
and Neo-Platonic canons are relied on to a great extent in the theological-metaphysical
perspective of historical Revelations.
It is not a coincidence that the Muslim Avicenna theorizes that God is the real Cause of
Being, producing it in the absolute sense, allowing it be rather than not. The creation
of Being from Nothingness has not been thought as though before there was Nothingness
and afterwards Being was created. The creatio ex nihilo means only that unless they were
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created all things are nothing at all. The creation takes place in terms of simultaneity, into
the horizon of the Eternal and immutable. In this way the relationship between Eternity
and Time coincides with the relation between the first and second causes of Becoming. As
to the second cause, something pre-existent produces something subsequent. As to the first
cause, we do not depart from something pre-existent but from the immediate establishment
of Being or from the position of Being itself.
Augustine posited a timeless but not Eternal creation because we could fall into the contradiction of thinking that what is created is Eternal and not contingent. Thomas Aquinas,
on the other hand, proposes a timeless and eternal creation. Eternity could be a feature of
the created world: the same world can be seen on the side of the difference among different
variety of time or on the side of eternal as absence of time. Eternity here indicates the fact
that God, as first Cause, puts in place Being and without His creation, things, everything,
simply would not be at all [5].
If, then, we consider the statement that something substantially distinct from God has
always existed, it cannot be described as impossible in itself as though it contained a contradiction in terms: because to be from another is not inconsistent with being from eternity,
as we have proved above; except when the one proceeds from the other by movement, of
which there can be no question in the procession of things from God. And when we add
substantially distinct, this again involves no contradiction absolutely speaking with the fact
of having always been.

Christian revelation certainly holds that creation did not happen simultaneously but in Time
(what was not before at a certain point was placed into Being) which,according to Aquinas,
must be affirmed by faith; in his opinion, though, conceiving of the eternity of the world is not
in opposition with faith. When Time appears in his discussion, he refers to the way in which
things are in the natural world, to their movement, generation and corruption, according to
the necessary laws of nature. Eternity implies instantaneity and simultaneity; Time implies
continuity and change.
One issue should be highlighted: Time is not only that which differs from eternity (as what
moves, becomes and changes differs from what is immovable and always present), but it
represents the possibility of glimpsing the continuity and discontinuity of the world in its
happening. In this sense, the present is the only time which effectively exists due to the
fact that it also allows past and future to exist. It bounds them together in the nexus of
continuity between waiting and memory which continuously come to our attention.
However, we are for this reason not faced with an attempt at balancing cosmological Time
with a psychological Time; the temporal dimension of consciousness traces the point of the
highest “objectivity” of Time since it encompasses one of the fundamental functions of our
experience and even further with the ontological structure of the “self”. It is enough to think
about the Kantian model of Time as pure intuition of the senses, with which human mind
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perceives the inner sense, as it glimpses the order of succession of its representations and,
as a result, phenomena which exist in reality and space, in the order of coexistence. Time
for Kant is a transcendental structure of the conscious subject that allows him/her to intuit
objects as phenomena of experience. It is a unifying function of data which is caused by the
synthetical unity of the ”thinking self” (“I think”).
Henri Bergson (1859-1941) insistently underlined the serious mistake (which apparently
started with Aristotle) of limiting the concept of Time to a measurable dimension, modeled on space and, at the end, reduced to spatiality. Measurable Time is only quantitative
Time (temps) or physical time, into which we measure the succession of a movement putting
its discrete periods to discrete places in space (for instance on a line), which are separated
from one another. Measurable Time renders this multiplicity homogeneously, beginning from
the separate position that all the different moments have, reciprocally and as to one another,
according to the order of succession.
Bergson states there is a more original Time which constitutes an immediate experience for
our consciousness, numerically not measurable, since it has rather a qualitative feature which
is lived: its name —”duration” (durèe)— expands the concept of time; it does no possess
spatial extension, but rather a conscious intensity in which states of awareness pervade one
another according to an unmistakable quality which lies between memory and expectation.
According to Bergson [3], it is exactly this experience of “duration” at the hidden source
of conscience which allows quantitative or measurable Time to be, as well: Time properly
results from an internal projection into external space. The self that feels the quality of
his/her own data is the hidden fundament of the self that measures the quantity of Time
inhering in external things [6].
Granted that inner duration, perceived by consciousness, is nothing else but the melting of
states of consciousness into one another, and the gradual growth of the ego, it will be said,
notwithstanding, that the time which the astronomer introduces into his formulae, the time
which our clocks divide into equal portions, this time, at least, is something different: it
must be a measurable and therefore homogeneous magnitude. It is nothing of the sort,
however, and a close examination will dispel this last illusion.

In a certain sense “duration” is about an inevitable phenomenon that grows as we live in
society using a common language. As “the current which carries our conscious states from
within outwards is strengthened; little by little these states are made into objects or things;
they break off not only from one another, but from ourselves”. If duration is real, Time,
measurable and quantitative time, is nothing but “its symbolic substitute”.
The issue of an original experience of Time and its usage as measure of motion was exhaustively investigated in the 20th century by Martin Heidegger (1889-1976). Unlike Bergson,
who relied on immediate data of consciousness, Heidegger, preserving the analysis of his
teacher Edmund Husserl (who studied the phenomenology of internal conscience of Time)
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identified the concept of “temporality” as a fundamental feature of the human “being”, which
“being” he called “Being-there” (Dasein). The man or the Being-there is not temporal only
because he/she was born, lives and dies in the passing of Time, but also because his/her own
being is temporal. According to Heidegger, unlike any other being man is not a being which
is ‘what it is’, since he/she is not determined by his/her characteristics and features. The
man is a being which has-to-be, a possibility that never totally realizes itself. If we realized
this possibility we would reduce ourselves as any other beings. The Being-there is not a
“present” being, it is rather an “existent” one. To exist means to be always generated by the
self but beyond the self, transcending the self. Temporality properly means this ontological
movement of existing, so that man is always open to his possibility (that is why he is in
rapport with the future or what-is-coming); but this possibility goes always back to what
man has-been yet, not in the sense of going back to facts or events which already happened
in the past, but in the sense of recalling the fundamental fact that we are finite beings and
we cannot realize ourselves in the same way as other beings. At the same time man is a
being-in-world that lives his present through a relationship with other beings and other men
that he encounters in the world.
This ontological-existential structure of temporality is also called “ecstatic” horizon, from the
greek ekstatikòn, which means “being out from the self”. The Being-there has this temporal
structure he can access in order to consider, use, count or even fix ordinary time. For instance,
it is only because of this temporal structure that we can consider and watch the movement
of a hand on the clock, counting the passing of time instant after instant and declare what
Time is in terms of the position of the hands [7].
Where does that time originate which we know first of all and which we know solely? […]
Even if what we are expecting may be some event, some occurrence, still our own Dasein
is always conjointly expected in the expecting of the occurrence itself. […] The Dasein,
expecting his/her ability to be, comes toward itself. In this coming-toward-itself, expectant
of a possibility, the Dasein is futural in an original sense. […] This existential concept of
the future is the presupposition for the common concept of the future in the sense of the
not-yet-now.

According to Heidegger [7], the same thing can be said regarding the past:
In comporting ourselves toward an entity as bygone, we retain it in a certain way or
we forget it. In retaining and forgetting, the Dasein is itself concomitantly retained. It
concomitantly retains its own self in what it already has been. That which the Dasein
has already been in each instance, its [past as] having-been-ness [Gewesenheit] belongs
concomitantly to its future. This having-been-ness, understood primarily, precisely does
not mean that the Dasein no longer in fact is; just the contrary, the Dasein is precisely
in fact what it was. […] I myself am my own having-been-ness. […] In one with the future
and the present, [the past as] having-been-ness first makes existence possible

And the present at last [7]:
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The present in the existential sense is not the same as presence or as extantness. The
Dasein, in existing, is always dwelling with extant beings, beings that are at hand. It has
such beings in its present. […] Attendant upon this is the fact that we are most frequently
lost in this present and it appears as though future and past as bygoneness or, more
precisely, the past as having-been-ness, were blacked out, as though the Dasein were at
every moment always leaping into the present.

The ordinary time we use/deal with (we gain, waste, count, prevent, ecc.) is formed of a
series of hour-points (the time of present, the not any more, as what was in the past, the not
yet, as the not yet in the future) but the same extension and continuity, the very passage of
those moments is possible because Time is meaningful as the result of Being-there as Beingin-the-world. At the end it is ourselves as beings that dwell in the world since we are “Time”.

1. Conclusion
We have reviewed a wide variety of meanings connected to Time in its relation with causality. We have discussed Time as measure of motion, as a stretching of Soul, as the life of
consciousness, and Time as existence, and we have likely not exhausted all the meanings
that have been proposed by those who have thought about the nature of Time.
To conclude, it is possible to syntesize all these different meanings into a concept of Time
viewed as “happening”. We can consider Time to be not only an event which marks the
passing of time by reference to a date on the calendar, and not only as a qualitative experience
of the conscious and existent self, but rather all of the proposed dimensions can be thought
of as originally unified. This is Time, then, that is neither cosmological nor psychological,
but rather historical. Historical Time allow us to understand that the thread of time is the
possibility for meaning.
It is worth clarifying that this conclusion is not about a particular meaning of Time (e.g. the
qualitative Time of history) as opposed to another meaning (e.g., the quantitative Time of
nature). We intend historical Time to mean the Time of the “happening” as a conceptual
matrix which precedes any other division between nature and history. What happens is the
meaning. Without it we could measure everything without ever perceiving and grasping the
rhythm of the essence of facts which belong to nature and the world. Through this matrix we
can understand Time as continuous Movement in its absolute sense (as it happens in normal
experience) and also referring to the various relative scientific systems (as it happens into
the scientific research and knowledge).
The causation of Time does not only coincide with the hypothesis of creation from Nothingness, but also with that particular kind of creation which is the very sense or meaning of
the happening of events, and especially with the happening of Significance. It is exactly for
this reason that we count our historical Time into precise periods and date, and why we can
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say that something occurred “before” or “after” a particular happening of Significance. This
“happening of Significance” may be a revealed Event, which does not spring from Time but
generates Time instead, which has become a paradigm and a sign of the enigmatic nature of
Time itself, through which something new might happen. Thomas Stearns Eliot expressed
it with amazing and powerful words [8]:
Then came, at a predetermined moment, as a moment in time and of time,
A moment not out of time, but in time, in what we call history: transecting, bisecting the
world of time, a moment in time but not like a moment of time,
A moment in time but time was made through that moment: for without the meaning
there is no time, and that moment of time gave the meaning.
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