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1. Introduction

The Generic Statistical Information Model GSIM (UNECE, 2013b) is a reference framework of
internationally agreed definitions, attributes and relationships that describe the pieces of information
that are used in the production of official statistics. It aims at modelling “information objects”, i.e.
data, metadata, as well as the rules and parameters needed for production processes to run (e.g. data
editing rules). In the current version GSIM identifies around 110 information objects, which are
grouped into four broad categories: Business, Exchange, Concepts and Structure. The information
objects are then used in order to describe the inputs and outputs of the statistical process phases, as
defined in the Generic Statistical Business Process Model (GSBPM, UNECE 2013a). Hence, GSIM
contains many concepts useful for describing the input and output of different phases from the
assessment of user needs to data dissemination.

These internationally agreed concepts have been used for the construction of the Sistema Unitario
dei Metadati, for the part devoted to structural metadata (SUM-MS, Signore et al, 2015, Scanu,
2015). This system contains metadata that define data in their data structures (i.e. micro data sets or
macro data tables and hypercubes). The SUM-MS aims at ensuring data retrieval and usability (by
associating proper meaning to data), allowing metadata reuse (in order to harmonize concepts),
documenting traceability (with the objective of statistical process transparency and process
automation) and performing integration (with the aim of making the different sectors within a
statistical institute speak with one voice and support standardization). The following sections will
show how GSIM has been used, and the enhancements that we put in practice in order to fulfil the
SUM-MS goals.

As shown in the figure below (see Figure 1), SUM-MS contains metadata describing data produced
only in some of the GSBPM phases, i.e. from collection process step to dissemination process step.
At the moment, in terms of input and output specifications, SUM-MS has a total coverage of the
output produced in the dissemination phase and partial coverage with respect to the input and the
output of the validation’s phase.
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Fig. 1.1 Metadata collected in SUM-MS relative to some phases of GSBPM

2. Concepts useful for identifying a data set

Lines 47-50 in the GSIM Specification document (UNECE, 2013b) declares that: “Each data is a
result of a Process step through the application of a Process method on the necessary Inputs”. This
is not something new. That sentence essentially describes in harmonized concepts the essential
statistical task of transforming a data input into an output. Tracing back to Fisher (1925), “Statistics
may be regarded i) as the study of populations, ii) as the study of variation, iii) as the study of
methods of the reduction of data” meaning that the statistician focuses her/his attention on a
population on which at least a variable is observed (input), studies the variation of the variable(s) of
interest by summarizing this variation into something easier to manage (the process method: e.g. a
cumulative distribution function, or some numbers that describe the cumulative distribution
function characteristics, as the mean, median, variance, Gini index, ...). Fisher was focusing only
on the production of statistics, essentially data as available in the dissemination phase. GSIM has
the merit of extending the same approach to the whole set of actions that characterize the statistical
production. That sentence has also another merit: it declares what are the essential concepts to take
into consideration in order to insert the data in an appropriate place in space (if the space considered
is that of all the statistical programs as available in an NSI) and time. Taking in mind that Process
Step and Process method are concepts to be used in a Statistical Program, the concepts that
characterize the position of data in space and time are:

a. Statistical Program and Statistical Program Cycle (e.g. the Labour Force Survey, first quarter
2014);

b. Process Step (i.e. phase, e.g. collection or dissemination);

c. Process Method (e.g. web questionnaire filled in by a sample selected according to a survey
design strategy in the collection phase, or an average in the dissemination case);

d. Input(s) (e.g. a questionnaire and a sample frame in the collection phase, or a numerical
variable and the (sub-)population of interest on a validated data set in the dissemination
phase).

If the a. and b. items are easy to include in this framework, the c. and d. items are less trivial. As a
matter of fact, a data producer in a Process Step of a specific Statistical Program cycle can produce
data sets with the same Data Structure (see Section 4) that differ for the Process Method or the
Input. For instance, in passing collected to validated data, a data producer can produce data
according to different check, edit and imputation procedures. The outputs are part of the same
Statistical Program, Statistical Program Cycle and Process Step, make use of the same Input,
consist of data structures of the same form (same population, same observed variables) but obtained
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through different methods, and this last element is the one that characterizes the different outputs as
different data. The same concepts described here will be the ones used for describing the Data
Content of macro data, see Section 3.4.

3. Concepts useful for describing statistical data

If the previous concepts place data in the correct space and time point, its content should be
explained by other concepts. These are essentially in the Concepts Group in GSIM. Anyway there
is an additional concept that Istat has implemented for describing macro data: the Data Content.
This is the overview of the concepts used in SUM.

3.1 Population

The concept of Population coincides with the collective of reference of the datum. As planned in
GSIM, the populations have a hierarchical relationship starting from the unit type concept. The
population is defined on the basis of a certain criteria, such as all units that have a particular mode
of a variable. For example the population of "Enterprise with more than 50 employees" is a subset
of the more general unit type "enterprises”.

The unit type is a more generic concept than that of the population, but extremely useful because it
allows to identify the different types of populations which refer to a specific unit type. For example
it is possible to investigate all types of populations related to women.

. d SISTEMA UNITARIO METADATI
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Elenco delle Unita statistiche

Fig. 1.2 Unit type section in SUM-MS

Fig. 1.3 Unit type section in SUM-MS

Up to now within the SUM-MS, about 549 reference populations have been identified. The system
is arranged in this way: each population has an ID code of identification, a definition that describes
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its properties (this feature is partially developed) and the possible hierarchical relationship with
another population. The hierarchical relationship is defined by the fact that there are more
populations related to the same unit type, and these populations, as illustrated above, are identified
based on the specific values of the variables associated with the unit type. Moreover, for each
population the system shows the (micro or macro) data sets that refer to them as well as the surveys
that produce data sets on them.

3.2 Variable

One of the main concepts on which GSIM has focused his attention and, consequently, also the
SUM-MS has given importance, is the concept of variable. In a statistical process each unit of a
population is associated with one or more characteristics. The association between the units of the
population and the concept is called variable. GSIM distinguishes between the conceptual and
representational levels of variables. At the conceptual level belongs the “Conceptual Domain” of
the variables and at the representational level belongs the “Value Domain™ of the variables. Among
the variables as defined in GSIM, the SUM-MS takes note of different elements:

- Statistical variable: it is a characteristic of interest associated to each unit of a population for
which a statistician is interested in representing its statistical distribution on the population,
or a peculiar term of a distribution (frequency, mean, etc), i.e. an aggregate value (i.e. macro
data, indicator, ...). SUM-MS further specifies those statistical variables that are numeric,
those that are textual (as the address, or those variables where it is possible to specify what
“other” means) from those that are categorical. The last ones are associated to
classifications. Note that only for categorical statistical variables it is possible to define
appropriate levels of a classification, as specified in GSIM in the classification chapter.

- Identification variables: this variables are typically available in micro data sets and describe
the association of each record to a unit in a population. It can be just one variable (e.g. a
personal identification number) or a set of identifying variables (as an identifier for the
household and a numeric value for each component). It is the primary source for linking
records from different files.

- Time variable: the reference time of a survey is not a statistical variable, it is not the object
of any statistical analysis. It is a specific element that allows to position data in time, as
described in the beginning of Section 3: for instance it is useful to appropriately show in
tables or figures aggregate data/indicators in time series.

- Operative variables: some macro data sets show explicitly how macro data have been
obtained, usually for comparison. This is the case of the Adjustment used in time series,
where data can be used as they were detected, or seasonally adjusted according to different
criteria. Other examples are the Edition for the national accounts, the kind of currency used
(current or in a specific year), the base year for index numbers.

- Indicator: again for macro data, this concept has usually a specific role as a dimension of a
table. This is true for those macro data tables that show different indicators for comparison
purposes. The name of that dimension will be clearly assessed in the Section on Data
Content.

Currently in SUM-MS we started collecting Represented Variables: therefore, for instance, SUM-
MS contains the terms "age of father" and "age of the mother" with respect to data on births,
postponing in a second time the establishment of the corresponding conceptual variable, Age.

SUM-MS dedicates to the statistical variables and concepts a part of the system, in conformity to
what describe before. As indicated with the figure below (see Figure 4) the concept “variable”
included in GSIM has been split in statistical numerical variables, statistical categorical variables,
statistical textual variables and other general concepts. The distinction between the categorical
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variables and other general concepts is governed by the possibility to associate the variable with a
statistical classification with one or more levels (for the categorical ones) or with a code list.
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Fig. 1.4 Types of variables section in SUM-MS

As arranged in GSIM, the “Represented Variable” has been associated with a “Value Domain” that
can be enumerable or descriptive.

e Enumerable value domain: the variable, called categorical variable, can assume a finite
number of different states on the population. These states correspond to the item of a
classification (male and female for the "sex" variable detected on individuals)

e Descriptive value domain: the variable can take values according to a rule (for example not
negative integers related to the variable "number of animals™ observed on surveys of farms).
These variables are typically numerical.

For the statistical variables with enumerable domain it is important to the management of
classifications (see Section 3.3).

Among the represented variables, a prominent part is occupied by "derived variable": this variable
is created in a step of the business process by applying one or more methods of transformation to
other variables belonging to a previous phase. For instance, the variable "Age"- traceable in the
dissemination phase - is constructed starting from the date of birth variable recorded in the
collection phase.

The features, not yet completely developed, will provide, as well as for statistical units, the textual
research of variable and concepts names, their definition, the possibility of study the number and
which are the sources of information involved and the export in different formats.

3.3 Classification

Classifications are a key component of a metadata system. They have mainly a twofold role: on the
first hand they are used in order to categorize in groups (or in other words “classify”’) the unit of a
reference population; on the other hand, they can be used in order to detail the outputs (macro data)
of a statistical process. The SUM-MS makes available classifications according to the international
standards, more precisely the Generic Statistical Information Model (hereinafter referred GSIM,
UNECE, 2012) and the Neuchétel Model (Netterstram, 2004).
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Fig. 1.5 Classification family section in SUM-MS

Each classification is embedded in a Classification Family, that groups classifications related to the
same general theme. Up to now, SUM-MS contains 16 different themes (from agriculture to
transportation, one of them is devoted to the “supporting classifications”, i.e. those related to time,
judgments, comparisons, that can be generally reused in different themes). For example, the Italian
version of the NACE (ATECO) is contained in the enterprise and national accounts theme.

In the SUM-MS, classifications are composed of a set of schemes/versions which contain mutually
exclusive and collectively exhaustive categories, which produce a partition of populations
(Statistical Classification in GSIM).

The presence of several versions of the same classification is due to various reasons. First of all
some classifications are related to a new version due to availability of different years related to each
version (for example the NACE exists as NACE2002 version and as NACE2007 version, each one
belonging to a specific reference year). It also considers the case in which more than one system of
data production and/or dissemination adopts different versions of a classification. It also includes
the case in which some changes occur in the items of the version (for a substantial modification or
for an addition of new items) and it becomes necessary an upgrade of the version that has added to
the previous one.

As far as versions are concerned, each one is characterized by two attributes: balanced (i.e.
categories are mutually exclusive), and universal (i.e. each unit of a population can be associated to
one category).

A version may have a linear structure or may be hierarchically structured, such that all categories at
lower levels are sub-categories of categories at the next level up.

Each version is related to one or several code lists. The code lists are created to meet particular
needs, that may be of statistical type or related to dissemination. Through the code lists, it is
possible to split or to regroup each category in order to provide additions or alternatives to the
reference standard version. Two types of code lists have been identified in SUM-MS, System code
lists and data Structure code lists:

a. System code lists, containing all the codes of a data system actually in use on that system
(e.g. all the NACE codes used by the Istat dissemination system, including groups of codes



that do not form a level); this code list is the one actually used to derive code lists for the
SDMX translation of a data structure.

b. Data structure code lists, containing only the items actually in use in a data structure (so that
it is possible to know the cross-cutting level detail of a Data Content in terms of a
classification variable).

SUM-MS introduces a new component in the classification system: simultaneous levels. These new
components meet Institute needs to describe specific output.

They provide one more tool than the standard GSIM. They are contained within the same
classification and share the same basic atomic level (atomic item). They are constituted by different
groupings of the atomic level which are not in a hierarchical relationship between them and so can
exist in parallel.

Simultaneous levels can describe the relationship between levels just in case the classification
categories are not necessarily organized in a hierarchical way.

As follows we are going to show a table containing the definitions used in the international
standards also adopted by SUM-MS. This table aims to make a comparison and, at the same time,
to underline both the differences in the nomenclature used by each system both the simultaneous
levels component integrated in the SUM-MS.

GSIM SUM-MS EXAMPLE
Classification family Classification family Classification on Enterprises
Classification series Classification Economic activity (NACE)
Statistical Classification scheme/Version Nace 2007
classification /Version

Nace 2002
Level Level Level composed by the first digit of

the NACE 2007 codes

(A — Agriculture)

Simultaneous levels Level 1a, Level Ib, ...

Atomic item in a territorial
classification: Municipalities

Simultaneous levels in a territorial
classification:

NUTS 1 and number of inhabitants
(atomic level: municipalities)

Currently, as provided by GSIM, SUM-MS is developing the object types that has still left out by
the system, i.e. classification index and classification index entry.
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Fig. 1.6 Structure of a classification with simultaneous level

3.4 An enhancement for macro data: the data content

The data content concept corresponds to the minimal but complete set of information on macro
data. It corresponds to the title of tabular data when data was printed on sheet, and tables could not
be too complex. Nowadays data hypercubes are very common, and they include the most diverse
data in content and meaning. In order to identify and retrieve easily data, Istat has organized this
minimal and complete set of information on the data as in Section 2 (with the exception of the
Statistical Program Cycle, usually described in a specific time dimension in Data Structures, see
Section 4). Hence, the Data Content is a structured concept and each Data Content item’s main
components are:

a. Statistical Program,

b. Process Step (although the phase is generally the dissemination one),

c. Process Method,

d. Inputs.
The data content is a code list, each item of this code list contains the description of the data
content. In order to be complete, this description should contain all the a.-d. items described before.
Example - For instance “Households average monthly income, in thousands of Euro (source:
SILC)” is a complete description of an output macro data: it contains the Statistical Program
(SILC) and the description of the Input in terms of the reference population (households), the
numerical variable (monthly income), the transformation method (average), the unit of measure
(Euro), the unit multiplier (in thousands).

Each code of the Data Content code list is also linked to the corresponding concepts that define the
a.-d. items. These links are the core for search tools and for data traceability. Any difference in one
of the a.-d. items define a new data content. As a rule, data contents that are identical on the a.-d.
items are the same, and should be fused in just one item.

Apart the a. and b. items that put the data in the correct point (in time and along a process) of a
Statistical Program, the c. and d. issues are the actual statistical content of the data. There are
essentially two types of data content.
1. A data content obtained as a direct analysis of a micro data set. In this case, the c. and d.
items are explained by:
a. The transformation method (mean, media, total, percentage, Gini index, variance,...)
b. The input data set, with details on which part of the micro data set has been used:

i. Reference population of the macrodata;

ii. Numerical variable on which it has been computed (up to now, Istat analyses
for output macrodata just one numerical variable — no correlations etc. In
case of only categorical variables, the numerical variable is the counting
variable);



ii. Conditional categorical variables (only  for  transformation
method=conditional percentages, e.g. for tables containing the percentage of
smokers given age class and region of residence, the conditional categorical
variable is “Smoker” and the only category of the classification that is used in
the tables is “Yes”);

iv. Unit of measure (when necessary);

v. Unit multiplier (when necessary).

2. A data content obtained from other macro data (usually for comparison purposes), where the

c. and d. items are explained by:
a. The transformation method (ratio, balance, percentage variation, index number,...);
b. The input macro data, as the macro data corresponding to the numerator and
denominator in a ratio. Each macro data component is again modelled either as an a.
or b. macro data.
i. The description of this kind of macro data is completed by the unit of
measure, unit multiplier, base year concepts, when necessary.

The benefits of the use of the Data Content modelled as illustrated before are different.

Macrodata description is highly standardized with what used in the different data production
process phases. The components of the Data Content should be all declared clearly. For this
reason, in a joint action with the Istat Corporate Data Warehouse (1.Stat: http://dati.istat.it),
data producers are asked

- tofill in a form that describes the data content, filling it in with the already available
codes on the statistical program, reference population, numerical variable, data
transformation method, macro data, ..., or including new codes if necessary,

- to compare it with what described in words in the Data Content item and add or
modify whatever is necessary in order to make the Data Content complete (nothing
should be given for granted).

The Data Content facilitates the coherent modelling of Data Structures, so that two different
people or organizations can model the same data cube in the same way.

Macro data are described by linking their data content with concepts that are essentially
already in use for micro data descriptions (e.g. reference population of the data, numerical
variable,...) or that trace back to micro data (just unrolling the data content whose inputs are
other macro data).

Traceability is easily re-usable.

Search procedures are enriched by all the connections that the data content ensures.

- For instance, it is easy to ask for micro- and macro data that refer to the same
reference population and look on their metadata (variables, classifications) in order
to compare them and propose harmonization tasks.

Data users find the Data Content, i.e. the meaning of data, in a unique place. This is
especially useful in data cubes, containing huge amounts of data with different meanings. If
a structured model as the Data Content is not used there is the risk that different data
producers put the Data Content components in different places (e.g. one in the hypercube
title, another in a query title, another in one or more dimensions). In this way it is not easy to
count and understand how many different outputs the data cube is containing (not only for
data users, also for our managers and colleagues). The Data Content is a complete list, each
item of this list is structured along the lines described before.
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Fig. 1.7 Macrodata section in SUM-MS

4. Data structures

As anticipated in section 2, data sets are the output of a process step, that can become the input of
the next process step. GSIM states that “all Data Sets must have a structure associated with them”.
For better understand the meaning of a dataset and in order to promote the harmonization and the
comparability, each data sets is described from a Data Structure by means of Data Structure
Components (Identifier Components, Measure Components and Attribute Components). A data
structure has defined by the set of these three components.
It is possible to distinguish two main different type of data structure:

- Dimensional Data Structure (DSD);

- Unit Data Structure.

Up to now the repository SUM-MS allows to investigate the data structure distinctly for
Dimensional Data Structure type and for Unit Data Structure type (see figure 8).
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Fig. 1.8 Macro and micro data structure section in SUM-MS

The first component of a Data Structure are the “Dimensions”. As usual, these concepts are those
that identify the figures in a table. In a Unit Data Structure it is comparable with the identifying/key
variable of each single record.

The second data structure component “Measure” describes the content of a statistics table. For
macro data, SUM_MS uses the data content (see section 3.4) as a measure. In the case of Unit Data
Structures this component corresponds to the value that the statistical variables assume for each
unit.

The last component, “Attribute”, both for Dimensional and Unit Data Structure, refers to concepts
which help to specify the meaning of a data set without being identifying variables. The main
attributes are unit measure, scale factor and others attributes that specify the nature of the data
(observation status, confidentiality of data, number of decimals, ...).

With regard to the data structures, it is necessary to underline the key role of the other

“Dimensions”, compared to measure, of the Hypercube. The dimensions include all the concepts
that appropriately define each number in the table: at least a categorical variable, a time dimension,

10



any other element useful to distinguish different types of data (such as the different types of
correction for the seasonal adjustment of time series).

The Dimensional Data Structure, as showed in the figure below (see Figure 9), allows to analyze
each DSD actually included in the system starting from three different ways: surveys/source,
indicator and population/unit type.
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Fig. 1.9 Types of research available for macro data structure in SUM-MS

For each data structure some useful information is included concerning, in a first instance, the
single indicators measured and the name of the dataset disseminated from Istat. It is possible to
have further information about the others dimensions, the type of variables and the classifications or
code lists associated with each variable.

In the case of a Unit Data Structure search tools allow to make searches through the surveys/source,
process step and unit type (see Figure 10). In a first instance it is possible to know information
about the name of the surveys included up to now, the edition, the process step and the unit type.
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Fig. 1.10 Types of research available for micro data structure in SUM-MS
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