Big Data Approaches to Human Chronobiology
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Abstract

Human chronobiology studies are either done in laboratories or have to rely on volunteers
reporting their activities using questionnaires such as the Munich ChronoType Questionnaire
(MCTQ). Despite their success, both approaches have limitations, particularly in terms of their
ability to handle very large sample sizes. The idea of a large-scale “human sleep project” that
would rely, in part, on data being automatically acquired from a large number of participants
through ad-hoc devices is very tempting but equally challenging. As a proof-of-concept for
such an initiative, we looked at existing Big Data repositories and tried to analyse them in a
chronobiology context. Even though the data was not optimised for such a study and mostly
contains information on road traffic, telecommunications and electricity usage, we were able to
extract relevant information. This is an encouraging first step, just as sleep-specific apps and

devices are being released.
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1 Background

It has previously been established that social con-
straints lead individuals to constantly switch be-
tween two ‘time zones’ corresponding to their work
schedule and own biological clock, respectively.
This ‘social jet-lag’ has for instance been associ-
ated with obesity [1] and depression [2]. It was
recently argued that, to better understand the role
and mechanisms of sleep in humans, a large-scale
project involving millions of participants is neces-
sary [3]. These participants would fill online ques-
tionnaires, and some would wear ad-hoc devices to
monitor their activity. As a proof-of-concept, and
a complement to such initiatives, we have obtained
non-biological datasets, to try to analyse them in
a chronobiology context and extract relevant pat-
terns of activity.

2 Overview

Most of the datasets were obtained as part of the
Telecom Italia Big Data challenge [4]. These corre-
spond to measurements (road traffic, telecommu-
nications, electricity consumption, etc.) acquired
over November and December 2013, in Trento and
Milan (Italy). Even though the data was not op-
timised for such a study and mostly contains indi-
rect information on human activity levels, we were
able to extract relevant information. Crucially,
we show that there is good agreement across data

types. This means it is possible to use a single data
type when necessary. We therefore also looked at
the electricity consumption in France between 1996
and 2013 [5], and in Japan between 2008 and 2013
(e.g. [6] for Kanto), to investigate seasonal effects
and the impact of Daylight Saving Time.
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