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1. Introduction

This document contains some initial proposals and thoughts about the possible met-
hodological paths which we can follow for our tasks during the SGA-2. From these pro-
posals and thoughts we can even begin composing an agenda for our physical meeting
in Madrid in next June. These proposals are preliminary and are on-going work run-
ning in parallel to the compilation of the detailed description of both input data and
statistical output which we agreed in our Internal Document No. 1. These are still high-
level ideas in which detailed contents and developments (after a common agreement
within the WP) must be worked out.

As a general principle for our methodological research, accounting for one of the li-
mitations of Big Data analytics [1], we propose to avoid the so-called file drawer problem,
i.e. avoid publishing exclusively those positive or successful results which we reach in
our research, but to make public also those negative findings (e.g. estimation methods
tested by ourselves not leading to accurate results, etc.).

By and large, once the detailed description of every data set and of the statistical
outputs we are pursuing in each case is fully compiled and prepared, the idea is to
investigate as many methodological possibilities as possible to go from the input data
to the statistical outputs assessing diverse aspects (like unbiasedness, accuracy, needs
of auxiliary information, . . . ).

2. Preliminary context

The use of Big Data and of mobile phone data in particular in official statistical pro-
duction must be given this very framework, i.e. how this new data source is related to
the traditional and on-going production process at our statistical offices. In this sense,
with almost no practical loss of generality, the mathematical problem solved by official
statistical production is the estimation problem in a finite population.

Our first proposal is to adopt a formal definition for this (there are several alter-
natives in the literature; in a recent work [2] we indeed proposed a very detailed and
rigorous one). Then we can discuss whether our concrete problems with our mobile
phone datasets are indeed estimation problems in a finite population or another type
of mathematical problem.

This may seem artificial or too theoretical but in our view it is central in how an
NSI produces official statistics. The best explanation we have found is contained in
the book by Deming [3], which we simplify as follows. Imagine an industrial machine
producing bolts with certain specifications (weight, hardness, resistance, . . . ). Bolts pro-
duced by this machine are assigned in lots (say, boxes) of 10000 units each, which are
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to be distributed to retail stores. As owners of this machine and businessmen we can
formulate two questions:

1. We want to know the proportion of bolts in each box satisfying the set of specifi-
cations.

2. We want to know the proportions of bolts produced by the machine satisfying the
set of specifications.

The difference, although subtle, is mathematically fundamental. In the first case, the-
re is nothing random in the formulation of the problem. We have 10000 bolts and we
want to know how many of them have been correctly produced. There is no random-
ness in the question itself: each bolt has been already produced and either it is correct or
not. On the other hand, inquiring about the proportion of bolts produced by the machi-
ne amounts to recognizing the existence of a random phenomenon in the mechanism of
production (otherwise, all of them will be exactly equal). Thus this mechanism and the
production of correct bolts will be essentially described by a probability distribution,
whose parameters are indeed the interest of our second question. In the first case, we
are facing an estimation problem in a finite population. In the second case, we have a
classical inference problem.

It is extremely important not to confuse the formulation of the problem with the
strategy for its solution. In both cases, probability theory (and the concept of random-
ness) enters into play, but the difference is in the formulation of the problem, not in the
solution. More technically, this difference clearly appears in the definition of population
in both problems. In a finite population, this concept reduces to a given set of identifia-
ble statistical units. Nothing random in this definition (see e.g. [?]). In the second case,
the definition of population contains the notion of a probability distribution [5]. Regret-
fully, the same word for two very different mathematical concepts.

Now, just change bolts for unemployed people and the machine for a national eco-
nomy. Which one is the problem an NSI tries to solve when producing a Labour Force
Survey? Are we NSIs trying to disentangle the underlying mechanism of the economy
by which the unemployment rate is what it is or, in the contrary, we are just measuring
the unemployment rate in each reference time period (out lots)? Which definition of
population are we using?

In our view, to discern whether the use of mobile phone data in our very concrete
examples in the WP5 is to solve one or the other problem deserves some attention. This
would cleanly place this new data source within the general map of production in a
statistical office.

Once the formulation of the problem is clear from the mathematical and conceptual
point of view, we must begin considering the solution strategy. A priori, our intuition
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is that whatever the method we choose, probability sampling will be useless (or only
tangentially useful). More formally: if the problem is that of a finite population, we ha-
ve to decide between probability and non-probability sampling. With high probability,
sampling designs will be discarded (although this must be deduced from our very con-
crete datasets and desired outputs). If we are ineludibly forced to use non-probability
sampling by the very nature of the problem and the data, a full range of methods awaits
to be explored (see below). If the problem is that of a classical inference problem, again
probability sampling is discarded by definition and this full range of methods still waits
for us.

3. Some initial proposals and generic strategies

Following the philosophy of the whole ESSnet, we must stick to the bottom-up ap-
proach and we should try to avoid too theoretical work not using our concrete datasets
and goals. Although so far we have not compiled each of these goals (statistical out-
puts) for each country member, it is our perception that from a methodological point of
view there exist common points that we should tackle in all cases:

As a first approach, it seems that we are interesting in estimating population and
population domain sizes (number of commuters, number of tourists, . . . ).

Although an extremely difficult problem, as official statistics producers, our goal
must be a given target population. Thus the connection between our datasets and
this target population in each case must be clarified. In other words, we must
tackle the representativity problem.

Recently, we have been aware of some works in the literature [6] clearly stating
the relevance of the interrelationship between the origin of the data within the
mobile phone network (CDRs, or data from VLRs, . . . ), the tesellation of the geo-
graphical territory for analysis (Voronoi, based on network cells and LAs, . . . ) and
the accuracy of the estimations. We guess that this will be present also in our pro-
blems and deserves attention.

Our first generic proposal is to focus on these aspects in each case of study within
the WP5.

As generic strategies to approach these issues, our preliminary literature review
allows us to suggest the following paths. Again, these are general lines of thoughts and
probably some methods and ideas from one avenue will be useful in another.

Ecological sampling.
There is a wealth of methods to estimate species abundance (basically popula-
tion size) not using probability sampling traditionally used in ecology. Indeed, as
an extremely simple illustration, let us argue how some rigour can be brought
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to the very estimation carried by Marc and colleagues using the mobile phone
data of Proximus to estimate Belgian population size [7] (there is some guessing
in this statement because we could not find exact details about the estimation
method). Just consider that each person (statistical unit in the target population)
has a probability p of being detected by our dataset [8]. Then the number of peo-
ple detected by the network (hence by our dataset) can be modelled as binomial
Nm ≃ B(N, p), where N is population size. Since E[Nm] = Np, we can define the
estimator N̂ = Nm

p
for the population size. In some sense in our common jargon

(that we request to avoid), we are elevating the number of mobile phones to the
target population. This detection parameter p is assumed to be the market share
of the company.

Obviously this is a very simple example, but it can be sophisticated in many ways
and it can be considered the seed for more interesting and realistic models. The-
re exist many more methods in ecological sampling and we propose to make a
careful selection of them and test each of one using our datasets (see e.g. [9]).

Machine learning techniques.

Geostatistics.

Administrative register-based statistics.
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