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MODELS OF STATISTICAL INFORMATION DESCRIPTION METADATA

In the paper, we discuss the problems which arise when modeling metadata used for describing various kinds
of statistical information, including demographical one. We also implement advanced semiotic metadata
model. Moreover, we enhance a well-known Generic Statistical Business Process Model by introducing new
"Depersonalization” and "Providing confidentiality" processes, and also by separating search activity. It’s ex-
pected that the developed models will be applied to constructing the Integrated statistical data processing sys-
tem of Ukraine and the computer-aided system "Census-2012" for census data processing.
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Introduction

The process of developing general structure of a
statistical metadata system was initiated in 2004 during
the joint meeting of United Nations Economic Commis-
sion for Europe (UNECE), Eurostat, and Organization
for Economic Co-operation and Development dedicated
to the problems of statistical metadata information sys-
tem (METIS). Today, there have been developed stan-
dards and recommendations concerning statistical meta-
data which already are used in practice by national and
international statistics organizations. Some of them are
as follows: technical standards and instructions complex
called SDMX (Statistical Data and Metadata eXchange)
[1], The OECD Data and Metadata Reporting and Pres-
entation Handbook [2], and Generic Statistical Business
Process Model [3].

But, all the regulatory or recommendation docu-
ments mentioned above are meant either for describing
the architecture and generic statistical business proc-
esses [1, 3], or for describing the metadata from their
interaction with other (not statistical) information sys-
tems point of view [2]. At the same time, to practically
implement an integrated statistical system driven by
metadata, one needs also a detailed examination of a
metadata model to be used for describing statistical in-
formation and specific way of its processing.

Moreover, it is necessary to explicitly mark out the
problems of protecting confidential information because
they are of an exclusively big importance in systems of
providing or disseminating statistical information.
Strasbourg "Convention for the Protection of Individu-
als with regard to Automatic Processing of Personal
Data" [4] implies a peculiar status of statistics, and,
thereupon, declares necessity of restricting access rights
for statistical information and computer files or data-
bases used in statistics and scientific researches. Impor-
tance of providing depersonalization and confidentiality

has increased rapidly in the recent decades due to a
bunch of reasons [5]:

— increasing of demands for the data of small po-
litical subdivisions (to objectively form the state re-
gional policy);

— popularization of selective surveys and dis-
semination of microdata;

— growing number of cross-reference information
sources (statistical, administrative etc.), which increases
the risk of unveiling private or confidential information
through data comparison;

— extending of information systems capabilities,
in particular, rapid development of data mining methods
that aid in defining structures and patterns in statistical
data.

Therefore, the aim of the current work is to im-
prove existent models of statistical information descrip-
tion metadata. This could make it possible to take into
account peculiarities of data processing in statistics, and
to explicitly support providing confidentiality of infor-
mation being stored.

Microdata, Macrodata, Metadata

From the very beginning of their development, in-
formation systems in statistics supported storing and
processing the data of two kinds, namely, microdata and
macrodata.

Microdata mean data about objects of statistical sur-
vey. For instance, those could be respondent's sex or date
of birth, a number of persons in a household and so on.

Macrodata are estimations of statistical indicators
which belong to a group (ensemble) of objects. They
aggregate this or that way information about group of
homogeneous objects. For example, these might be the
mean value of household members in some district, the
number of the most numerous ethic groups in some re-
gion and so forth.
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To describe both microdata and macrodata, one
can use metadata. We will further on refer to the follow-
ing definition. Statistical metadata are structured data
which characterize various aspects of statistical data
(their contents, accuracy, accessibility etc.).

Statistical Business Processes Model

Statistical community yet a very long time dis-
cusses the problems of creating a generic statistical
business processes (statistical cycle) model. The aim of
such works lies in developing consistent terminology
and description of applied business processes for any
statistics organization. They are necessary for producing
official statistics. It would contribute to standardizing
activities of processing and disseminating statistical
information, and also to harmonizing statistical calculat-
ing infrastructures, along with easing of exchanging
parts of corresponding software.

Up to now, we can point out 4 main international
models and standards in a way connected with statistical
business processes model. They go as follows:

1) handbooks and recommendations concerning
the structure of information systems for national and
international statistics institutions [6] contain a generic
model of stages and activities for statistical monitoring
data processing system;

2) Eurostat model called "data life cycle" ("Cy-
cle de vie des Donées") [7] provides a full list of con-
cepts, metadata structures, and information technologies
to apply in all statistical branches;

3) combined life cycle model developed for
Data Documentation Initiative (DDI) [8], an open inter-
national project of developing the standard for technical
documentation describing sociological data;

4) generic statistical business processes model
(GSBPM) [3] which we will describe in details further
on.

Although these models differ in their representa-
tion, in fact they are quiet close. GSBPM beats other
three models when it comes to performing statistical
tasks. For instance, DDI model includes the "Reshap-
ing" process which seems to be unique at first. But,
GSBPM contains two processes called "Verifying ac-
cessibility of existent data and their usage if possible"
(during "Requirements refinement" stage) and "Data
integration" (during "Processing" stage) which corre-
spond to the one of DDI model.

Generally speaking, GSBPM includes description
of 9 stages, each of them consisting of different number
of subprocesses (3 to 8).

Considering experience of conducting statistical
monitoring in Ukraine gained throughout the years of
its independence, and explicitly marking out processes
which provide depersonalization and confidential sta-

tistical information preservation, GSBPM can be
specified. This could be done by defining 14 processes
and regional levels of statistical processing (see Fig.
1). At the local level, there are 498 district and mu-
nicipal statistics offices. Official statistics bodies of
Ukraine at a regional level are the following ones:
Senior statistics department in Autonomous Republic
of Crimea, 24 Senior statistics departments in every
Ukrainian region, and two departments for the cities of
Kyiv and Sebastopol. The central level is represented
by the State Statistics Committee of Ukraine. We will
also relate to it the Senior interregional statistics de-
partment in Kyiv (which used to be the Senior Compu-
tation Center up to 2000).

It is important to note down that the proposed
model does not include general-system processes like
strategic planning, human resources, finance, and organ-
izational structure managing etc. Besides, due to the
methodological nature of refining requirements, design-
ing, and constructing a statistical process, which are
usually done for a specific one, they were left out of the
discussed model. On the other hand, systematic proc-
esses of statistical data handling have been thoroughly
detailed compared to GSBPM.

For the sake of making statistical data closer to
their users, it is of a vital importance to implement ac-
cess to necessary information search:

— with the help of non-regulated queries to an
OLTP (on-line transaction processing) statistical sys-
tem;

— through analytical queries to an OLAP (on-line
analytical processing) statistical system;

— by applying data mining to automatic search for
certain patterns in them.

That is why, in a model proposed in Fig. 1, we ex-
plicitly marked out "Search" process, which in GSBPM
is distributed between "Processing", "Analysis", and
"Disseminating".

Instead of subprocess "6.4. Information disclosure
control" from GSBPM, we introduced two generic
processes called "Depersonalization" and "Providing
confidentiality".

By personal data depersonalization we understand
eliminating information which enables identifying a
person (like passport number, full name and so on). The
term of "data depersonalization" was brought in a model
law "On the personal data" passed on October 16, 1999
at the 14 plenary session of Interparliamentary Assem-
bly of Member Nations of the Commonwealth of Inde-
pendent States. Principles and regulations of this law
this way or the other have to be included into corre-
sponding states' national legislations.

When providing confidentiality of statistical in-
formation, we can define three subprocesses as follows:
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Figure 1. Processes and territorial levels of statistical handling in Ukraine
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1) determining minimum possible number of re-
spondents to publish information about (in an output
table, as a response to an analytical query etc.). For in-
stance, when the data of All-Ukrainian population cen-
sus (2001) was being processed, the number of 3000
was taken for this matter [9];

2) providing individual data anonymity [10, 11].
As a matter of fact, there exist other methods apart from
depersonalization which allow hiding information on a
certain respondent (such as lessening specification level
for a respondent by, say, referring to him not as "district
attorney” but as "law-enforcement officer"). These
methods are mainly applied when preparing microfiles,
i.e. datasets with information about a sample of respon-
dents;

3) providing group anonymity [12, 13]. This is
important because providing user access to primary or
aggregated data in a microfile form often leads to ena-
bling of defining distinctive data distribution features. In
particular, maximums in the regional distribution of
military personnel concentration might point at military
bases on a corresponding territory.

Advanced Semiotic Model of Statistical In-
formation Description Metadata

In [14], there was proposed an idea of constructing

a model for statistical information description metadata

which comes from defining three projections of a three-

dimensional metadata representation (see Table 1). Tak-

ing into account classical division of semiotics into syn-

tax, semantics, and pragmatics, we propose to call such
models semiotic ones.

Table 1

Projections (semiotic levels)
of describing statistical metadata

Ne | Semiotic | Direction of | Short explanation

level metadata
description
1 | syntax data repre- metadata are a
projection | sentation physical represen-

tation of metain-
formation
metadata provide

2 | semantic | data contents

projection information about
data
3 | pragmatic | aims of us- metadata are the
projection | age data necessary for

preparing and us-
ing statistical data

The metadata representation presented in Table 1
is a typical one for various semiotic models. But, it
needs to be extended, because it does not explicitly take

into account another (fourth) level, namely, confidenti-
ality level of statistical information being stored or
processed. Information systems in statistics always dealt
with dialectic opposites of data accuracy and confiden-
tiality. In other words, primary microdata can provide
the highest statistical information accuracy, but, at the
same time, they are of the lowest depersonalization
level.

In [6] and [14], syntax and semantic projections
have been specified to describe metadata traditionally
presented in statistics in a table form. Bo Sundgren, the
author of this approach, marks out 4 description compo-
nents (dimensions), which go as follows:

— o the dimension of population and scope;

— PB: the dimension of measurement and summa-

tion;
— v: the dimension of classification;
— 1: the dimension of time.
Appropriate examples are proposed in Table 2.
Table 2
Metadata macrodescription components
macrodata components
com- a- B- v- T-
ponent | compo- | com- | compo- compo-
name | nents po- nents nents
nents
syntax | table table | table row | table row,
pro- row or | cells or col- column, or
jection | column umn header
se- What What | What Which time
mantic | object quan- | features | series is
pro- are be- | tityis | (charac- | being
jection | ing being | teristics) | taken, i.e.,
(com- | calcu- calcu- | objects of which
ponent | lated? lated? | are being | time inter-
mean- distrib- val and
ing) uted by? | with what
periodic-
ity?
exam- | Ukrain- | num- | byplace | yearly,
ple ian resi- | ber of living | from
dents at | di- 1.01.1970
a cer- vided to
tain by 1.01.2010
time 100
period

All statistical metadata traditionally [14, p. 16-19]
are being gathered into groups. But, in our opinion,
classification proposed in [14], once again, does not
consider importance and peculiarity of providing confi-
dentiality for statistical information. That is why it
needs to be extended. We reflected that in additional
rows of Table 3 (in italics).
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Table 3
Groups of statistical metadata
meta- | meta- symbolic | explanation
data data code (and
pur- group name, if
pose name present)
of a group
for the | general | Ul annotation, thesau-
users | (global) rus, index
declara- | U2.1/ to measure data
tive meaning | relevance
u2.2/ concerning calcu-
accuracy | lating or estimating
u2.3/ how to gain access
accessi- to the data
bility
process- | U3 applied models,
oriented sampling proce-
dures, coding, edit-
ing, verification
etc.
for the | general | Sl applied methodol-
data (global) ogy, a statistical
sup- problem close by
pliers technique
feed- S2 whether the users
back are satisfied with
received data and,
if so, how much
process- | S3 identical to U3
oriented
confi- S4.1 depersonalization
dential- and individual ano-
ity- nymity
oriented | §4.2 group anonymity
con- facto- Cl table names, data
nected | graphic representation for-
with mats etc.
soft- algo- C2 calculating algo-
ware | rithmic rithms and their
description

According to the process modeling theory [3, p.
3], every process has to possess a certain number of
clearly visible attributes, including input and output
data, purpose (with additional characteristics), pos-
sessor, management (technical documentation), li-
censing elements (people and systems), means of
feedback.

Mentioned attributes have to be by all means taken
into account by statistical data description model (if it is
supposed to be used in practice).

Conclusions

In the paper, we improved the generic statistical
business processes model by introducing new processes
of "Depersonalization" and "Providing confidentiality".
Also, we separated the process of searching, either in an
OLTP statistical system (by means of non-regulated
queries) or in an OLAP statistical system (through ana-
Iytical queries), or when applying data mining to auto-
mated defining the certain patterns. All this helps to
provide more complete and accurate description of sta-
tistical information handling processes, especially —
demographical one.

Besides, the semiotic model of statistical informa-
tion description metadata gained its further develop-
ment. In it, as opposed to the existent models, we pre-
sented an additional group of metadata for individual
and group anonymity. The latest term lies in protecting
important data features, distributions, and collective
patterns which cannot be defined by analyzing individ-
ual data records only.

This enables explicit separating the problems of
providing depersonalization and information confidenti-
ality both when describing statistical (particularly,
demographical) data and further implementing corre-
sponding statistical processes.

We expect that the developed models will be ap-
plied to constructing the Integrated statistical data proc-
essing system of Ukraine and the computer-aided sys-
tem "Census-2012" for census data processing.
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PeueHseHT: I-p TexH. Hayk, nmpod., nekaH (akyabTeTa mpukiamgHod mateMaTukd WM.A. /luuka, HanmoHabHBIN
TEXHUUECKUM YHUBEPCUTET Y KpauHbl « KUEBCKUI MOMUTEXHUYECKUI HHCTUTYTY, Kues.

MOJAEJIN METAJAHHBIX OIIMCAHUA
CTATUCTUYECKO HHOOPMAILIUU

O.P. Yepmos

B cratbe paccmarpuBaercsi BONPOCH! MOJIEITHPOBAHMS METAAaHHbIX, MCHOJIB3YEMBIX ISl ONMMCAHUS Pa3HOO00-
pasHoii cratuctudeckoll nHQpopmarmy, BKIoYas aeMorpadudeckyro. [IpemnoxkeHa pacumpeHHas ceMHOTHYECKast
MOZeNIb METaJaHHbIX. Y COBEpIIEHCTBOBAHA M3BECTHAs 00IIas MOJENIb CTATUCTHYECKHX OU3HEC-IPOIECCOB IyTeM
BBEICHHSI HOBBIX IPOLECCOB «OOE3TMUEHHOCTH» M «00eCHeYeHUs] KOH(PHISHINATBHOCTH», a TAaKXKE BBIIEIICHUS
nporiecca noucka. Ilnanupyercs, 4ro pa3paboTaHHbIe MOAENU OyAyT MCIOIb30BaHbI IpU HocTpoeHun MHTErpupo-
BaHHOW CHCTEMbI 00pa0OTKHM CTaTUCTUYECKHX JIAHHBIX YKpauWHbl M aBTOMAaTU3UPOBAaHHOU cucTeMbl «llepenuch-
2012» 1o 00paboTKe MepenuCHbIX JaHHbIX.

KnroudeBble cji0Ba: ceMHOTHYECKAs MOZENb METaJaHHbIX, MOJENb CTATUCTUYECKUX OHU3HEC-IIPOLeccoB, 00e3-
JIMYEHHOCTh, aHOHUMHOCTD JITAHHBIX.

MOJEJI METAJTAHUX OITUCY
CTATUCTUYHOI IHOOPMAIIIL

O.P. Yepmos

VY crarTi po3rIAaThC MUTAHHS MOJICTIOBAHHS METaaHUX, KOTPi BAKOPUCTOBYIOTHCS /ISl OIUCY Pi3HOMaHi-
THOI CTaTUCTUYHOI iH(OopMaii, BKIouaroun aemorpadiuHy. BripoBamkeHO po3IIMpeHy CEMiOTUYHY MOJIENb MeTa-
JIaHUX. Y IOCKOHAJIEHO BiJIOMY 3arajbHy MOJIeNb CTATHCTHYHHUX O13HEC-TIPOIIECIB NIISIXOM YBEJEHHS! HOBUX IPOIe-
CIB «3HEOCOOJIEHHS Ta «3abe3reyeHHs] KOH(DIACHIIIIHOCTI», a TAKOXK BHOKPEMJICHHS Tpoliecy nomyky. [Tnanyers-
cs, 0 PO3poOIIeHi Mozl OyAyTh BUKOPUCTaHI IiJl Yac MOOya0BH [HTErpOBaHOI CUCTEMHU OOPOOKH CTATHCTHUHUX
JaHuX YKpaiHu i aBromarn3oBaHoi cucremu «llepernnc-2012» 3 00poOKH NEPETUCHUX AaHHX.

Kiro4oBi ciioBa: cemioTHyHa MOJEIh METaJAaHUX, MOJCIb CTATUCTHYHHUX Oi3HEC-TPOIECIB, 3HEOCOONIEHICTD,
AHOHIMHICTB JJaHUX.
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