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Complexity in nature can be defined and 
quantified  
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complexity is always 
found  “in-between” 

phases 
( a mix of order-disorder)

a.k.a “critical” 
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Same simple laws originate simplicity and complexity, 
No need for “complex” laws for complexity 
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Our lab study the complexity of “life at the edge” 
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Brains

Nature Physics 6 (10), 744-750 (2010)

Our lab study the complexity of “life at the edge” 
 

Brain fMRI dynamics  
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some other systems we study with the same approach
 Dynamic of plants 
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Ants swarms how humans movePapers in Physics, vol. 7, art. 070017 (2015) / D. Chialvo et al.

determined mostly by the temporal correlations of
the process and its nonlinearities [13].

In the present work, long time series of human
motor activity are analyzed, recorded via wrist-
watch accelerometer, lasting approximately one
month. We establish first the presence of truncated
scale-invariance in the distribution of the durations
of the events as well as in its power spectral den-
sity, as described previously in similar type of data.
Afterwards, we uncover the average shape of the
bursts of activity and derive the scaling function
and its associated exponents. Finally, we discuss
the origins of such scaling and some possible appli-
cations.

II. Materials and methods

The recordings analyzed were part of a larger study
and included six healthy, non-smokers, drug-free
volunteers (mean age 50.1 years, S.D. = 6.8). The
study was approved by the Bioethics Commission
of the University of Isles Baleares (Spain). Par-
ticipants were informed about the procedures and
goals of the study, and provided their written con-
sent. After determining their handedness, each
subject was provided with a wristwatch-sized activ-
ity recorder (Actiwatch from Mini- Mitter Co., OR,
USA) measuring acceleration changes in the fore-
arm in any plane. Each data point of activity corre-
sponded to the number of zero crossings in acceler-
ation larger than 0.01 G (sampled at 32 Hz and in-
tegrated over a 30-second window length). Records
of several thousands of data points were kept in the
device’s internal memory until being downloaded to
a personal computer every week. Subjects wore the
device in their non-dominant arm continuously for
up to several weeks (mean 28.1 days, S.D.= 4.). Af-
ter careful visual inspection of the data to exclude
sets with gaps (due to subject non-compliance), a
combined total of 280 days of data was available
for further analysis.

III. Results

For ease of presentation, we will use recordings from
a single subject to describe the main results. Nev-
ertheless, results are robust as well as similar for
the entire group of subjects in the study. A typical
recording is presented in Fig. 1. Panel A shows
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Figure 1: Example data set, distribution of suc-
cessive increments and their spectral power. Panel
A: Time series of activity x(n) recorded continu-
ously from a subject during a month. Individual
traces correspond to consecutive days. The top
subpanel depicts daily activity averaged over the
entire month. Panel B: Time series of successive
increments I(n) = x(n+ 1)� x(n) (normalized by
its SD) for the same data. Panel C: Probability
density distribution of the time series of succes-
sive increments I(n) (continuous line), exhibiting
exponential tails (compare with the dotted line, a
Gaussian of the same variance). Panel D: Power
spectral density (black line) of the time series of
successive increments I(n) of panel B. This is scale
invariant S(f) ⇠ f

� with � = 0.9 (dashed line). In
contrast, for the randomly shu✏ed increments, the
serial correlations vanish and a flat spectral density
is obtained (red).

a full month of continuously recorded activity from
this subject, who is particularly regular in her daily
routines. The subject wakes up with the alarm
clock at 6:45 a.m. on week days and has lunch fol-
lowed by a short nap each day (between 2:00 p.m.
and 4:00 p.m. Panel B displays the time series of
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