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Abstract

The current organization of Consumer Price surveyitaly is based on a non-
integrated approach where data is collected ehepaper or on portable PCs and
handled by a software written in COBOL. Data traission to Istat is performed by
loading sequential files on a web site. After theridipal Offices of Statistics (MOS)
have loaded micro data, Istat recovers them oowits archives and after a detailed
data check, edits micro data. The current processot integrated because Istat
archives and MOS archives are physically separattities: therefore intervention
carried out on Istat archives has to be repeatade®MOS archives.

It is evident that the use, though partial, of pageestionnaires and the archives
duplication are sources of non sample errors dymaiticular to measurement errors.
This makes it more and more difficult to accomplistan efficient way the increasing
quality requirements in terms of accuracy coupl&t fimeliness and coverage.

A project currently being carried out at Istat lthe aim of realizing a in-depth
reengineering of the whole Consumer Price (CP)esut¥ environment, in order to
reduce the possible sources of non sampling eandsimprove the possibility to
measure data quality through different set of iattics. The new IT architecture is
based on a centralized relational database thassédl the survey data. The new data
collection application, running on mobile PCs, a#odata collectors to load data
directly into the database right after they ardexdéd. The new control and correction
application allows to perform checks and editing micro data directly on the
database, with no confusing data redundancy. Mereitvmakes available different
set of indicators to monitor data quality. In theper we describe in detail the new IT
architecture that will support the survey and thgprovements in data quality
expected from its introduction.

Keywords: Consumer Prices data quality management, CompAssisted Data
Collection, Distributed Architectures

1. Introduction

Consumer Price (CP) survey in ltaly is being caroet starting from 1927. Survey
evolution has gone together with the evolutiont@ technological environment for
the data production process. In 2008 CP survegratdrial level is carried out mostly
by 84 Municipal Offices of Statistics (MOS) thatlleat monthly data for about
400.000 elementary quotes that are processed ar twgproduce the CP indices both



national and harmonised. For the time being, eléangmuotes are collected either by
paper questionnaires or portable PC and afterwidwels are registered by MOS on
stand alone archives. Then after a preliminary dagxk, elementary quotes are sent
to Istat adopting a predefined record track andt Istcovers data on archives on
which it carries out the procedures for data trestinand elaboration: micro editing
treatments carried out by Istat have to be repdayegach MOS on its own archive
with all the consequent problems of alignment betwistat and MOS archives.

Istat is implementing a very important project ftve reengineering of the IT
environment supporting CP survey, allowing a sigaiit improvement of the data
quality management. According to the project goéitstly, the data collection by
MOS is carried out entirely through portable PCsithed of a dedicated software
(P1), reducing the possible measurement errorstaymper questionnaires and to
data entry activities. Secondly, the architectdrthe system is based on a centralized
Oracle RDBMS, hosted at, and managed by Istatyvailpto eliminate redundancy of
data among Istat and MOS, thus avoiding the pdagibf mistakes due to replication
and enabling for a more agile survey process.

The central database is accessed through the titvease components: the system is
structured into the data collection application )(Rhd the control and correction
application (P2). Both subsystems are developetava. Design and development of
whole system has been carried out by the IT pemoonf Istat. In general the
centralized database architecture and the real-tuipdates allows for timely
monitoring of data quality and data collectorsattj so any critical issue that can
occur during data collection can be quickly deté@ed addressed.

In this paper, after a brief overview of the comtekthe CP survey, we describe the
new IT architecture and the expected improvemendttd quality it can provide.

2. The Italian Consumer Price Survey
2.1 Overview of production process

Consumer Price Indices (CPI) are produced in lglygrouping together elementary
data collected in the survey coordinated by Iststiat regularly calculates and
disseminates monthly figures on CPI, either nati¢g@®| for the whole nation and
CPI for the households of blue and white collarharmonised ones (Harmonised
Index of Consumer Prices, HICP). The survey on Gores Prices is carried out both
at central and territorial level. Istat collectgdalaoncerning prices of products that do
not show any variability along national territorgigarettes for example), that are
technically too complex to be collected at terrdgbrievel for issues of quality
adjustment (mobile phones for example) or of préslwehose consumption is not
strictly linked to the territorial areas where datdlection on the field is carried out
(in particular tourist services). For the remainprgducts (in terms of weights 80 per
cent of the basket in 2008) data collection isiedrout by Municipal Offices of
Statistics (MOS) that are officially in charge @ftd collection in the field.
Concerning data collection carried out by MOS arakimg reference to month the
production process is schematically articulatedhim following steps (into brackets
the subject of the step):

1. days 1 - 21, month data collection in the field (MOS)



2. days 1 — 24, month: data entry or data downloading from portable PCs
(MOS)

3. days 1 — 24, month(for MOS whose indices are used for the flashnesiies
data check), days 1 — 30, month t (for the remgiM®©S): data check (MOS)

4. day 25, montht: data upload by MOS whose indices are used forflsh

estimates (MOS)

day 26 — end of month data check concerning MOS whose indices are used

for flash estimate (Istat)

end of month: flash estimate (MOS, Istat)

day 1, month+1: data upload by remaining MOS (MOS)

days 2 — 9, montt+ 1: data check concerning remaining MOS (Istat)

Mid montht+1: dissemination of definitive data (Istat).
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All the above process is supported on the IT ldweh set of software components
developed at Istat using the COBOL language. Omapooent is used for data
collection in the field, while another handles #ie archives, providing functions
related to data correction and (until 2005) indiessmate. Copies of these pieces of
software are available at Istat and at all the MOS.

2.2 Data quality issues

The steps listed above allow to better focus thentibn on the main critical aspects
in terms of quality of the present CP survey datadpction process. They can be
resumed as it follows:
= The high possibility of measurement errors dueeeith the adoption of paper
questionnaires or to data entry activities.
= The risk of non sampling errors for the very shorte that is available for
Istat (and for some MOS) to check and revise milaia.
= The general inefficiencies due to the archives idapbn. A big effort is
always required in order to avoid mistakes dueefdication and to maintain
consistency among copies after editing.
»= The risk for punctuality and timeliness for thetlastecks that characterize the
data production process.
Besides these main critical aspects it has to bedathat the present IT system, that
manages the entire production process, does raw &l measure data quality, with
the exception of some basic indicators.
The new IT architecture for Italian CP survey atmsleal with the above aspects on
one hand improving CP data quality in terms of éhaspects of Eurostat vector of
quality (first of all accuracy and then punctualapd timeliness) and on the other
hand allowing the measurement of data quality thinodifferent set of indicators, as
we detall in the following section.

3. The New IT Architecture
3.1 Architecture Overview
Though the current software has been successfalig to support the survey since

second half of 90s, the lack of a real IT archiiest in addition to the data quality
issues mentioned above, poses general problemgroamg the overall management



of the IT support to the survey that are more ammenpressing. One key issue is
related to maintenance. Since the IT structuresiatt Ihas finally embraced relational
databases and languages such as Java and PHPmaithehoice for development,

the support of COBOL in terms of new developmemid taining of new resources
has been abandoned. Then, there is a need for rtioigvall software which was

written in COBOL to guarantee that all the softwaogporting critical activities can

be maintained at any time.

Starting from 2005 an Oracle relational databasesexd for storing all survey data.
Since the beginning of 2007 CP indices elaboraisoalso performed by means of
Oracle stored procedures. Though this partly hagedahe obvious security issues
deriving from storing archives on local PC filegyss, the other problems can be
tackled only by creating from scratch a new IT #ssdture that centers on the
relational database, and is capable to manage lib&evgurvey process in a seamless
way, allowing to definitively dismiss any piece sifftware written in COBOL, with
an expected big impact on the overall quality dagdas we detail in Section 4.

The development of such a new IT architecture reguan in-depth reengineering of
the survey process itself, and new developmentl de software. At the same time,
this sort of radical intervention poses a big aadle in a context where a continuous
monthly data production has to be guaranteed, s@dhous development phases and
the switch off to the new architecture have to heefully planned. Moreover, new
software tools require training for all the actorgolved. As a part of the migration
project, training courses are being carried oulskat, involving all MOS personnel.
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Figure 1: The new IT architecture

The new architecture is entirely based on Javantdoly and is depicted in Figure 1.
It is composed of the following three macro-compuse
» The central database: Oracle database hostedat3stres all the survey data
and contains the software procedures for elabaorationdices.
= The data collection application (P1): Java deskapplication running on
mobile PCs provided to collectors. It features aclescreen user interface
with forms for price collection. P1 requires aneimtet connection only for
data transmission: once data is loaded inside h@ication the whole
collection activity can be carried out offline.
= The control and correction application (P2): J2EEbvapplication accessible
by both MOS and Istat. It is mainly based on fotim®ugh which collected
data can be inspected and corrected. It also iesldgnctions for organizing
and monitoring the daily activity of collectors.



A further components is required to integrate Pithwhe central database: it is
realized as a part of the P2 web application, atislesthrough the HTTP protocol and
devoted to the download/upload functions of data.

We detail the general interaction of all the comgrds while describing the new
survey process in the following section.

3.2 The New Survey Process

We consider the operations performed by all theradghvolved in the process along a
montht, highlighting the usage of the various componéntke architecture and their
interactions:

1. Inthe last days of the month t-1. Personnel in all the MOS use P2 to assign
collection tasks to all the collectors. This isttem in the database.

2. During the first 21 days of month t. Collectors daily download data related to
their assignments in their mobile PCs, using PZXnThhey visit the outlets
they are assigned to for performing data collectstiti through P1. Collected
data is then uploaded to the server and it is imatelg available for MOS to
display and correct. MOS can change the assignna¢rasy time during this
phase. For example if a collector is temporary ailable for illness her
assignment can be moved to another collector tht bas to repeat the
download operation.

3. Between 1 and 25 (for MOS whose data are used for flash estimadag,of
month t (for remaining MOS) Istat and MOS monitor datadurction process
and data quality, MOS edits through P2 the coltkotécro data.

4. From 26 (for MOS whose data are used for flash estimétey the beginning
of the month t+1 (for remaining MOS}o the release of definitive data (mid of
month t+1), Istat and MOS monitor data qualityatsedits through P2 the
collected micro data .

The fact that data is available at MOS almost al tiene means that in case a mistake
Is detected by an indicator it can be promptly ected returning immediately in the
field. This is not possible in the current survengamization, in particular when
elementary data are collected through paper questices. In general we expect a
significant optimization just from the fact that #ie actors will not be charged for
data transmission tasks anymore, thus avoidingna-tionsuming and error-prone
activity that will be completely managed by thetsys.

For the sake of data consistency, during phasesl 3 docks are active on data so that
concurrent modifications made by MOS and Istatnatepossible.

3.3 The Data Collection Application

P1 is a desktop application, entirely implementesdingi Java 1.6. It has been
developed according to the hardware equipment ealbbctor will be supplied with,
which will be a portable computer falling in the ttdMobile PC category.
UltraMobile PCs have been chosen since they ssitthe purposes of the application,
providing the best trade off between weight an@ecrsize, where lighter and smaller
devices mount screens whose size is too small darfartable operation with the



application, and proper laptops are a too heavghtdb bear for the data collectors.
The computer used in the development phase is pedipith a 77 1024 x 600 LCD
touch screen display, it runs Windows XP Tablet Bfition operating system and
features a Intel A110 processor, 1Gb DDR2 RAM af 64z and a UMTS card,
providing ubiquitous mobile connection to the lmist

All P1 functions have been designed and testediser with a touch screen display
with a resolution of 800x600 pixel. A large efftvds been put on the optimization of
processor resource usage and on the speed of thdr&@bes, designing them as
singleton Java Swing classes and adopting the AgpBelnby as local database, since it
has a light footprint, it is embedded and open sauinteraction with the DB is
implemented through the widely used Hibernate fraork.
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Figure 2: Client-Server communication (data downlod and upload)
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3.3.1 Client — Server Communication

Client-server communication exploits the HTTPS pcot. Quotes are downloaded
from the centralized server controlled by IstatisTdwctivity is performed in three steps
(Figure 2 — right side).
1. A unique zip file containing the list of quotes thie month (represented in flat
text files) is downloaded from the server.
2. The zip file is unshrinked and deleted.
3. Data from the flat files is stored in the local Dgdatabase

Once data is stored locally in the DB, quotes ctitbe is carried out. At the end of her
daily job, the collector sends back to the certealiserver all the data he collected so
far, in the form of flat files. The upload phasedgne by means of a Java Servlet
available on the Istat web server which is invot@deach single file. It simply copies
the file on the server’s filesystem, in a folderiethis specific for each collector
(Figure 2 — left side).

3.3.2 User Interface Design

The P1 application features a user interface thable to meet the peculiar usability
requirements of this scenario.

P1 user interface has been derived form the widedgd and mature previous COBOL
version. Several enhancements have been madejyaigad by Istat together with



MOS representatives, improving the usability anseeaf use, as well as the overall
functionality, that overtakes the capabilitiestod previous version.
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Figure 4: P1 user interface - list of outlets per month and will setup

the local copy of the DB
with the quotes that were collected the month leefeo that in case there is no change
in the quote the user will just go through a onekchction. On the other hand the
upload phase can be executed many times duringptletion term.
The core task is the collection itself (Figurewhich can be started and completed at
any time during the term as the quotes have a'stathe DB which reflects whether
they have been collected or not. At first, the etibr is presented a list of outlets
along with their address and the number of quobesis due to collect. P1 clearly



indicates for each outlet if the gathering of ggoteas been completed (green
highlight) or not (in red, Figure 4).
For any given outlet the
collector will be able to
- p— select the products in the
Descidane  [oratieistca d prova - order she prefers and
i register the new quote.
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Figure 5: P1 user interface - collection form P1 shows appropriate
input forms. An
indicator shows the
percent variation of the quote so that any typimgrecan be double-checked by the
collector. It is important to notice that it is gdsle to indicate also the absence of
quote for that month.
Before being stored in the database, the collettedquote is also checked for
compliance to a set of predefined rules establisyethe Istat according to the type of
product, with the aim of preventing common collentmistakes to occur.
This, as well as the several visual aids includethe interface, should contribute to
largely reduce the number of mistakes in colledtath with respect to both paper
questionnaires and the COBOL software, then sicpnifily enhancing the overall
quality of data.
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3.4 The Control and Correction Application

The P2 application is a web application also basedava technology. The choice of
a web architecture for such an application wasigsttbrward, since it has to be
accessed by several remote users with differergsacprofiles, while development
and management are centralized.

P2 uses a combination of Java Server Pages (J®R),Bkans classes and JDBC
Driver connectors in order to grant access to #lational Database, which in this
specific case is Oracle version 10.1.2. JSP teolyoin combination with Javascript,
Is also used to deal with the appearance of thepagle and to check the client input
forms. Tomcat 6 is used as web container. Currghdyweb application is made up
of 60 JSP pages. Given the high number of functiorize supported by the software,
a modular design is crucial for achieving a pie¢esaftware which is easier to
develop, to test and to maintain, without remodgtime application. For example, it is
planned to include shortly in the application newdules concerning e-learning and
conference functions.



The basic feature of P2 is to allow users to broslega in the central DB, performing
manual editing. The editing process is structuregd two successive phases, first at
MOS, then at Istat. Editing is supported by a ssidated web interface that, by
exploiting on-the-edge web technology such as Aja@aches the flexibility of a
desktop application. Similarly to P1, complex cledn input data have been also
implemented in all the forms, aiding operatorsetedt and avoid possible mistakes.

MOS can also access functions for managing they dadrk of the collectors,
distributing the work load. Since data collectoosvdload every day their data, MOS
can flexibly change the work load assignment upecessity (for example, if a data
collector falls ill). In order to favor a seamlegansition from the old COBOL
software, P2 also offers tools for importing/expuaytdata in the format supported by
the COBOL software. This function is allowing a gressive introduction of the new
architecture in the production process. Finallyphssticated reporting functions are
available to allow user to create their own custimdireport, for comprehensive data
analysis which is tailored to user needs.

4. Expected Data Quality Improvements

Benefits expected coming from the new IT architectior CP survey are multiple
and they can be resumed in the following ones:

1. the new IT architecture improves the efficiencytloé data collection and
recovery process (abandoning paper questionnajegeralized adoption of
P1 for data collection and immediate transmissiolstat server, etc.).

2. The availability of one server, on which all thebmets of the production
process operate, avoiding the redundancy of datangnstat and MOS and
therefore elimination of possible mistakes, harmimg the IT environment
for both Istat and MOS.

3. In terms of quality, accuracy, punctuality and tiimess are expected to
improve.

4. The integration of the system allows the develogna&ndifferent set of
indicators that drive the activity of MOS and Issaid allow the improvement
of data quality.

5. Saving of resources deriving from each statistmalgress listed above. In
particular the first huge saving of resources contiesctly from definitively
abandoning paper questionnaires, because datactoodlewill be able to
collect consumer prices more quickly and becaufieeoflata entry activities
will cease. It is measurable in terms of hourskedrand resources that could
be dedicated to monitoring data quality. Then resegiwill be saved in terms
of hours worked dedicated to keep aligned Istat sli@IS archives. Finally
resources are saved for the more friendly envirgrintkeat will allow to
standardize and to repeat data queries in a vagy\eay starting from quality
indicators. The amount of resources saved and falilgravailable for other
activities is on the way to be quantified.



Different set of indicators are available for diffat frequency:

a) daily indicators that focus the attention on tésults of each data collection tour
carried out by each collector (amount and percentdgion responses, amount and
percentages of replacements, amount and percentdgpsce changes, time of
collection for each elementary observation, ouliercc). These indicators allow to
promptly correct possible mistake returning in fiedd, focusing the attention on
possible irregular behavior of the collectors;

b) monthly indicators that focus the attention ba éntire data set available for the
month and that can highlight possible critical aspesuch as too low percentages of
price changes or too high percentages of non regsomby cause. This set of
indicators is based on a system of thresholds thatjertaken, produce predefined
consequences in terms of further checks or estimati other intervention;

c) quarterly and annual indicators, mainly dediddte investigate issues concerning
the evolution of the sample and possible inadeqoétlye resources involved in data
production process.

5. Conclusions and Future Work

In this paper we have presented the new IT ardhitecsupporting the Italian CP
survey, currently being developed at Istat. The aevhitecture will be progressively
introduced in the production process. At presem, transition to using P2 is in
progress and it is scheduled to be finalized in92®@rch-April. In 2008 November
and December, training sessions have been camietboall MOS that will use P2.
Remaining parts of the project (P1 developments iemglementation in the field,
training sessions for data collectors, definitiveplementation in data production
process of quality indicators of data and dataectdirs activity) are expected to be
definitively completed by the end of 2009. Therefathe next change of the
calculation base (2009 December) of Italian CPadesliwill be carried out completely
in the new IT architecture: that step will be timel ®f the present transition phase and
the definitive passage to new IT environment. Hukievement will represent a very
relevant step ahead for the quality of CP survelaly and of European harmonized
data in the field of CPI.

References

Eurostat (2001), Compendium of HICP reference damus) Eurostat working
documents

Gamma E., Helm R., Johnson R., Vlissides J. M. $) 9@sign Patterns. Elements of
Reusable Object-Oriented Software, Addison-Wesley

Alonso G., Casati F., Harumi K., Machiraju V. (200/eb Services. Concepts,
Architectures and Applications, Springer.

10



