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l. I NTRODUCTI ON

1. National Statistical Ofices (NSCs) were early adopters of conputing technol ogy
to automate survey processing. The first phase (1960s-70s) involved the processing
of survey files once the data had been transcri bed from paper questionnaires into
electronic files. During this phase, database technol ogy was used to provide
flexibility in systeminplenentation and operations. The second phase (1980s)

i ntroduced the use of mcrocomputers to capture survey data at source through CAPI
CATI, etc. This allowed extending the benefits of conputer processing to the input
side of survey programmes. We are now in the third phase where Internet allows
publ i shing the results of survey processing (the statistics) directly from databases
onto Internet and to deliver the information electronically to clients’ screens.

Al t hough publishing/dissenmnation is still in a transition period fromnostly paper-
based to nostly el ectroni c-based delivery channels, the trend towards havi ng an
Internet enabled society in the future is clearly visible.

2. As neasured by Statistics Canada, 23% of Canadi an househol ds had access to
Internet fromhome in 1998, up from 16%in 1997. 36% of househol ds (any one nmenber)
had access to Internet, nostly in their work place in July 1999. Traffic to
Statistics Canada’s web site is increasing by nmore than 50% annual ly. Qur nost
recent market research has shown that nore than 95% of our business clients have
access to Internet from work.

3. Dat abases play a crucial role in this closing of the |oop of electronically
col l ecting, processing and publishing statistics. Different NSGs have adopted
different strategies for integrating databases in this task. Statistics Canada
foll ows an evolutionary path where existing databases will continue to exist for

i ndi vi dual survey processing systens while corporate output databases will contain

1 Prepared by Martin Podehl.
GE. 00- 30319
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the output statistics and their nmetadata fromall surveys. The corporate output
dat abase, as a web based data warehouse, feeds the various publishing/dissem nation
products, services and access and distribution channel s.

4, This paper outlines the current devel opnent of the Statistics Canada out put
dat abase and its placenent within the survey-processing |loop fromdata collection to
di ssem nation. As well, sonme of the conceptual and practical issues of devel oping

and operating an output database are di scussed.

. | NTERNET

5. Since 1995, the Internet has energed as an important dissem nation vehicle for
Nati onal Statistical Ofices. Wile there has been sonme tinme | ag between different
NSOs adopting Internet for dissem nation purposes, by now Internet is seen as the
principal dissem nation channel of the future. Simlar to other organisations at
that time, the first web sites were conceived on the notion of telling visitors about
the particular NSO. Cient feed back quickly changed the orientation to becone a
statistical information site, providing official statistics in a variety of formats
to a variety of clientele.

6. The advantages of Internet as a dissem nation channel have beconme obvi ous:

one location (the NSO Internet site) where the variety of infornation published and
rel eased by an NSO can be accessed regardless of tinme and di stance;

timely release of the latest information with instant access by clients;
opportunity to publish information in much nore depth than woul d be feasible on
paper;

the opportunity to publish information nuch nore in context by providing
hyperlinks to related informati on such as details, explanatory notes, previously
publ i shed i nformation, quality indicators, underlying methodol ogy, etc;

cost avoidance in physical distribution conpared to paper publications where
each additional copy incurs costs for printing, order processing, shipping,

billing, etc; on Internet, the margi nal costs for having an additional client
access an existing piece of information is close to zero for both the client and
t he NSO
7. By nowit is quite clear that electronic information services via the Internet,
or its future variations, will becone ubiquitous in society. The question is not

whet her, but when. The speed of transition depends on many factors, all of which
seemto be addressed in a constant change node: adoption of micro conputers in hones;
access to Internet at work, school or home; increasing communi cati on bandw dth; costs
of Internet connections; user friendliness of access, navigation and display.

8. In addition to using the Internet for dissem nation, sone NSOs have al so
started to collect survey questionnaires via the Internet. There are currently sone
barriers for wi despread use of Internet for data collection purposes (access to
Internet by respondents, security and privacy concerns, etc.), but clearly data
collection will be another aspect of the use of Internet. Statistics Canada is
considering offering citizens the option of filling out and returning their 2001
Census questionnaire on the Internet. The benefits of having the respondents fill
out the questionnaire and sending it to the NSO are obvious. This paper will not

di scuss this aspect. However, it is part of the closing of the |oop

I11. DATABASE PUBLI SHI NG

9. Internet allows to dissenminate information cheaper and nore effectively than

t hrough conventi onal paper publishing nethods. While it is true that, in contrast to
paper publications, the marginal costs of inform ng an additional client through
Internet is very lowif not close to zero, there are significant costs in operating
an Internet site and in devel oping and updating content for it. |In particular, as
the content grows (e.g. Statistics Canada has over 60,000 pages on its web site) the
costs of maintaining and updating individual HTM. (Hyper Text Mark-up Language) pages
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become significant. Methods have to be enpl oyed through which such pages are created
and/ or updated in sone dynam c and automated form usi ng an organi zed set of
information as the source. This is referred to as database publishing.

10. The main concept of database publishing is to separate the mai ntenance of the
underlying information fromthe representation of its contents as HTM. pages. This
has two advant ages:

As new information is added to the database, new or updated HTM. pages can be
generated automatically w thout any manual intervention and coding.

By separating the two functions, inprovenents can be nade to either of the two
functions without necessarily inpacting on the other

11. Statistics Canada has enbraced the concept of database publishing as a
fundament al design concept of its Internet service. Information on our site is
grouped into information nodules with each nodul e representing a particular set of
pages or docunents of the sanme nature. Exanples of our more popul ar nodul es are:

The Daily: our daily news rel ease;

Canadi an Statistics: a set of statistical tables about Canada;

CANSI M ( CANadi an Soci o-econom ¢ I nformati on Managenent): our time series database;
Trade: our detail ed database of nonthly commodity exports and inports;

Downl oadabl e publications: electronic versions of our official publications;
Onl i ne Cat al ogue: our catal ogue of all products and services.

12. Some of these npdul es are actual databases in the sense of a DBMS (Database
Management Systens). O hers are an organi zed set of docunents/pages.

V. TI ME SERI ES DATABASE CANSI M

13. CANSIMis Statistics Canada’s online tinme series database. All mjor socio-
econom c statistics are stored in great detail in CANSIMas tine series with varying
frequencies and length of series, some starting as far back as 1914 (e.g. Consuner
Price Index, nonthly). The database is updated daily and the |atest data points are
rel eased at the sane tine as summary information is released in The Daily.

Currently, CANSIM contains about 700,000 tine series. Between 1973 and 1996, CANSI M
data were made available to the public only through comrercial online database
services (e.g. Reuters, Wefa, Datastream etc) under license with Statistics Canada
In 1996, Statistics Canada added its own comercial online dissem nation service by
interfacing a copy of CANSIMto its Internet site. This daily updated database has
become the source for two types of services:

= Direct online access to time series: Using an interface progranmed with Cd
(Common Graphical Interface) scripts for input specifications and HTM. pages for
out put presentation, clients search the CANSIM directory neta data, select the
time series of interest, specify the retrieval parameters, pay the specific
retrieval fee (unit pricing based on nunber of tinme series requested) with credit
cards via an el ectronic conmerce service (operated by an Internet service provider
and a bank), and receive the tinme series in the desired format di spl ayed on the
screen and for downloading to their mcro conputer in a variety of formats. This
interface, in a sense, offers the traditional online service to analytica
experts. The innovation here is the ease of use and instant response via the
Internet and paperl ess paynent nethod through e-conmerce.
Updating statistical tables on the Internet: Like many other NSOs, Statistics
Canada started to publish on its web site a statistical overview of Canada
Canadi ans, and its institutions in a set of summary tables referred to as Canadi an
Statistics. These tables are grouped under four major themes: The Econony, The
Land, The People, and The State. In 1995, Canadian Statistics was |aunched with
about 100 tables. The current nunber is 350 and growi ng. Each table presents a
certain subject, and its display has been optim zed for the screen, i.e. scrolling
i s avoi ded where possible. The initial set of tables was created nanually and kept
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up-to-date manually. It quickly becane obvious, that manual mai ntenance coul d not
be sustained given the limted resources allocated. As npst of the statistics are
mai ntai ned in CANSIM we hit upon the idea to update the Canadian Statistics

tabl es automatically fromthe Internet interfaced copy of the CANSI M database.
Software tenpl ates were devel oped for all tables where the data could be obtained
from CANSIM Each norning at 8:30 am precisely a clock initiated, automated
process retrieves the latest data points fromthe CANSI M dat abase, updates the
tabl es, and posts themon the Internet site. The same process is al so being used
for the Econom ¢ and Financial Data table which is updated daily and corresponds
to the content and format prescribed by the International Mnetary Fund' s

Di ssem nation Standards Bulletin Board (DSBB).

14. Thi s update process of the Canadian Statistics tables on Internet is an
excel | ent exampl e of database publishing. It has the foll ow ng benefits:

No human intervention is required to keep the tables up-to-date.
The | ayout of all tables remains consistent.

The integrity of the figures is ensured as they are retrieved fromthe verified
and aut hori zed dat abase.

The data are released in a tinely manner and are al ways current.
V. CANSI M AS THE OUTPUT DATABASE ( DATA WAREHOUSE)

15. Encouraged by the success of using the existing CANSI M dat abase as a source of
data for electronic publishing, we are pursuing several devel opments to strengthen
the role of CANSIMin this regard.

CANSI M |

16. The underlyi ng database software for CANSIM (vintage 1969) has been redevel oped
(using RDBMS software) to accommodate nul ti-di mensional tables, not just individua

time series. This project is referred to as CANSIMII. CANSIMII will become the
(output) data warehouse for all macro data and will be avail able on our Intranet and
Internet sites. CANSIMII will be the source for direct data access as well as

dat abase publishing with increased scope. (Exceptions to this are the data fromthe
Census of Housing and Popul ation and the existing Export/Inport comodity dat abase
whi ch continue to have their own database systens for the time being).

Mul ti -di nrensi onal table browsers

17. These software tools (sonmetimes referred to as OLAP tools) have becone

avail abl e recently (e.g. Beyond 20/20 fromthe conpany lvation Inc.). They allow

fl exi bl e and conveni ent browsing of multi-dinmensional tables (cubes) as two-

di mensi onal presentations on the screen. They allow powerful access to the flexibly
structured database while still preserving the easily understood presentation of
statistics in flat tables or as a set of tine series. |In addition to considering and
using commerci al table viewers, we devel oped our own table viewer as a baseline
service. This software is based on SGW as the structured | anguage for marking-up
tables in HTML for Internet display.

Tabl e creation software

18. The content of nost paper publications is tables. As all these data will be
stored in CANSIMI1 and as nost of our publications will be re-engineered to becone
el ectronic publications on Internet, there is the opportunity here to generate
publication tables automatically from CANSIMII. For exanple, the nonthly

publication Retail Trade is created automatically as soon as the |atest estimtes
have been added to CANSIM At 8:30 a.m on the day of release of Retail Trade in The
Daily, the fully conposed table publication with all the |atest details can be made
avai l abl e on the Internet for electronic access, view ng, and downl oadi ng.
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Cust om publ i shing services

19. Qur recent experience is that sales of standard publications are steadily
decreasing and that there is a growi ng demand for custom services. Database
publ i shing can be used to create a custom publication containing data in tables from
a variety of statistical source programs (surveys) with CANSIMII being the source
for all the data. Since we already have an el ectronic commerce interface on our
site, the associated costs can be charged to, and paid by, the client conveniently.

Met adat a and t he out put dat abase

20. Met adata (or Metainformation) nust be part of the output database either very
closely linked or at |east |oosely coupled. Two types of netadata are distinguished:

Document ati on and | abels required so that a user can navi gate the database and
obtain the | abels associated with the individual data points as well as the
descriptions of the nulti-dinensional tables in which the data points are

or gani zed.

I nformati on needed to understand and interpret the actual statistics.

21. Wth regard to the latter, information needed to understand statistical data falls
under three broad headi ngs:

(a) the concepts and classifications that underlie the data;
(b) t he nmet hodol ogy used to collect and conpile the data; and
(c) measures of accuracy of the data.

22. Essentially these three headi ngs cover respectively: what has been measured;
how it was neasured; and how well it was nmeasured. Users should be able to obtain
easily the informati on what has been neasured (to assess its relevance to their
needs), how it was neasured (to allow appropriate analytic nethods to be used), and
how wel|l it was measured (to have confidence in the results).

23. Statistics Canada’ s netadat abase is a conprehensive description of concepts,
definitions, subjects, variables, methodol ogies and quality indicators about our
statistical programs. This base was initiated in 1981 as the SDDS (Statistical Data
Document ati on Systen). SDDS is being enlarged and i nproved to becone the | MDB
(I'ntegrated Meta Database). A record in this base pertains to a statistical source
program such as a survey, adm nistrative data acquisition program or census. It

al so covers derived statistical programs, e.g. the various National Accounts prograns
that produce statistics fromprimary or secondary data sources. Each record has a
uni que identification nunber (referred to as the “SDDS nunber”) and up to 120 fields
in which the various Meta informati on about the source program are stored.

24, The first version of the I MDB has been nade avail able on our Internet site and
linked to CANSIM Each table in CANSIM (and CANSIM 11) is hyper-linked to the
docunentation of the statistical programwhich is the source of that table. Thus
clients can check with one click of the nmouse the source of a particular time series
or nulti-dinmensional table which they have sel ected for access and downl oadi ng.

VI . | SSUES

25. In the follow ng, some of the issues in building and operating an out put
dat abase are di scussed along with the strategies which Statistics Canada is pursuing.

Scope of output database

26. Statistics Canada has defined the goal for its output database as to becone the
single electronic window on all publicly available statistics to support all elenents
of our dissem nation program from printed publications to data access on the
Internet. This means that all statistics (estimates), which are derived frommcro
data files or analytical value added prograns, should be stored in the output
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dat abase. This goal is shared by nost other NSGCs that have built, or are in the
process of building, a corporate output database. However, there is the question to
what extent of detail estimates should be tabulated and stored in the database.

Wi | e machi ne resources for the tabulating step are cheap and storage costs for the
final macro data are low, relatively expensive human resources are required to
specify the tabulations and the resulting tables with their docunmentation. As well,
storing data in too nmuch detail may clutter the database and obscure the nore

rel evant and nore broadly requested data. |In other words, a trade-off has to be nade
between creating pre-defined tables for the database and offering customtabul ation
services fromthe various source mcro databases according to the specific and uni que
requi renments of clients. Statistics Canada |earned this |esson with the CD ROM
products for the 1996 Census. So nuch detail ed breakdown was included that clients
conpl ai ned about the difficulties they had with finding data relevant to their needs.

Dat a nodel

27. Both tinme series and nulti-dimensional tables need to be supported. 1In the
nmost general case, tine is just another dinension of a nulti-dinensional table,
however with special properties. Qutput databases have exi sted since the 70°s as
time series databases for economic and other analysis. Existing clients wish to be
able to access individual tine series froma variety of survey sources to be | oaded
into their value added anal ysis packages. CQur clients requested as nmuch in our
initial market research. Consequently, the Consunmer Price Index for Canada for all-
items, for exanple, can be accessed in the existing CANSIM and in CANSIM I by
specifying its permanently assigned so-called data bank nunber P100000. In CANSIM II
this time series can also be selected in Table 1234 as the cross-section of Canada in
t he geography dinension, all items in the item di mension, and seasonally adjusted in
the type of estinmate di nension

28. Mul ti - di mensi onal tabl es have been adopted by nost NSOs as the basic entity in
their output databases, but their scope may be different. Some NSOs have desi gnhed
systens with very large nulti-dinensional tables which allow “slicing and dicing” by
comon di nensi ons such as geography or standard classifications. This requires the
standardi sation of all concepts and | abels, and the co-ordination of production and
of joining of estimates from many di fferent sources (surveys) al ong conmon axes. W

tried this approach in our first design of CANSIMII but after two years came to the
conclusion that this was too anbitious given the tine and resources allocated to the
devel opnent of CANSIMII. CANSIMI1 is now based on nulti-dinmensional tables where

each table

has typically only one source (e.g. a survey),

is relatively dense, i.e. nost cross-sections of dinmensions have actual estimtes
(as opposed to hol es because the particular conmbi nati ons are not avail able or do
not make sense).

29. The consequence for users is that they need to consult several tables if they
are looking for estimates froma variety of sources.

Har noni zati on and standard definitions

30. Ideally all estimates stored in the output database, regardless of their
source, adhere to standard classifications and concepts harnoni zed across sources.
However, the statistical programmes, which are the sources for the estimates for the
out put dat abase, nmpst often have been initiated and devel oped at different tinmes and
their underlying concepts reflect the evolution of such concepts. For the output

dat abase the question is then whether to store estinmates as they are produced from
the various sources or to insist on having them adhere to standard definitions across
the conpl ete output database. Different strategies in this regard are being pursued
by NSOs. But even those NSOs with strict criteria for standardization and

har moni zati on of data stored in the output database have to allow for exceptions or
to make conpronmises. The historical concepts on which surveys are based cannot be
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changed quickly. Simlar to the experience with the data nodel, Statistics Canada
initially pursued harnonization within CANSIMII but concluded that popul ating the
out put dat abase woul d take far too long in relation to the goal to establish as soon
as possi bl e a conprehensive out put database as the central depository of al
publ i shabl e statistics. W are now entering data as they can be provi ded by subject

matter fromtheir existing survey prograns. Data will becone standardi zed and
harmoni zed in step with such efforts initiated by subject matter. No doubt that
demands fromexternal clients will provide additional inpetus to do so.

Integration with processing systens

31. The actual inplenentation of an output database can be positioned between two
extremnes:

The out put database is a standal one system conpletely uncoupled fromthe

i ndi vi dual survey/source processing systens. A standard data format is agreed to

i n which each survey program passes the estimtes and their docunmentation to the
out put dat abase. Updates are passed as files which are applied agai nst the output
dat abase.

The output database is one of the many conponents of an integrated, corporate
survey processing systemin which all mcro data fromall sources are stored
according to common docunentation and system standards. Ceneralized software is
then used to process the individual surveys fromdata capture to tabulation within
this mcro/ macro data warehouse environnent.

32. Bot h approaches have their pros and cons. VWhich path to choose depends on the
specific circunstances and culture in an NSO  For exanple, Statistics New Zeal and
opted for the latter approach when it decided to decomm ssion the mainframe conputer
with its |legacy software. SNZ seized the opportunity to create a conprehensive,

uni fied processing systens for nost of its surveys. Mcro data files are stored in a
rel ati on database that al so houses the output database. Statistics Canada has
adopted the former approach based on its desire to create a conprehensive out put

dat abase as soon as possible with mininuminterruption to the existing survey
processi ng systens.

Internal vs. external database

33. An out put dat abase has two user groups:

Wthin an NSO the database allows access to data across sources for analysis and
for the creation of pre-packaged products and services.

External ly, the database is accessible online by clients and can be the source for
secondary distribution by other public or private sector organizations under
license to the NSO

34. I deal |y one dat abase should fulfil both requirements. But practica
consi derations of security and operations may demand two versions, an internal and an
external output database.

Some NSGCs have two networks to absolutely protect the confidentiality of the mcro
data stored within the internal conputing/comunication network. The interna
network is not connected to the outside world. An external network is designed to
all ow public online access to information prepared for public consunption.

The internal output database may contain nore data than will be made accessible to
the public in the external database. As well, estimates can be stored in the

i nternal database prior to their official release time, and quality control is
enhanced by conparing new estimtes with previous estimates or estimates from

ot her sources easily accessible in the database. Quality control of data before
they are made final in the output database is a major issue. Any mstake would be
promul gated i nredi ately through the various di ssem nati on channels which rely on

t he out put dat abase.
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Typically the internal database is updated fromthe various source progranms. In
turn the external database is updated fromthe internal database

35. In the case of CANSIMI1, we have two databases with the same architecture and
software, one operating on the Intranet, the other on the Internet.

Dat abase architecture and access software

36. The concept of Online Analytical Processing (OLAP) for access to and browsing
of multi-dinmensional, summarized busi ness data was devel oped some tine ago. It is
only in recent years that access and visualization tools, which adhere to the OLAP
concepts, have started to be offered on the market. Mich is happening currently with
regard to devel opi ng such tools for the Internet. However, these tools are only
visualization tools. They expect that a database exist in sonme formto which then

t hese software tools can be interfaced. Sone OLAP tools also offer a database as
part of their package. However, inplenenting an output database based on such an
integrated tool carries the risk of being dependent on the particul ar vendor and
being restricted in the choice of new or additional visualization tools. Statistics
Canada decided to separate the database fromthe access and visualization tools in

the design of CANSIMII. The database uses comercial RDBMS software. The access
software, so far, is based on evolving fromthe traditional tine series viewto the
mul ti-di mensional view. For the multi-dinmensional viewwe will offer our own basic
table viewer, but we will interface to popular OLAP tools as requested by our clients

and/ or where we see econom c benefit. As said above, nuch is happening on the
Internet currently and we expect nore OLAP tools to be offered on the market in the
future. We then sinply add, as an option, the output format required for the OLAP
t ool

37. Today conputing and networks are one. W decided fromthe beginning to base
the design, devel opnent, and operation of CANSIMII on Wb based technol ogy and to
adhere to run-of-the-m Il ww standards (for exanple, so far we have avoi ded Java

appl ets as nost corporate firewalls will not |et such software through). This allows
us to take advantage of new features as devel oped on and for the net, be it browser
features, or visualization packages. |In particular, the hyperlink feature of the Wb

allows us to Ilink CANSIMII to and froma variety of conplenentary information
sources, such as general netadata, standard classifications (future), glossaries, and
qual ity statenments.

Free vs. for fee services

38. The ulti mate goal of the output database is to be accessible directly in online
nmode (that neans Internet these days) to external clients, in addition to being the
source of data for all other dissem nation and publishing prograns. In the past,

online tinme series databases were offered as val ue added, priced services. The
Internet is changing this approach

El ectroni c di ssem nation/publishing is becom ng the pre-dom nant and default node
whi | e paper based publishing will become a val ue-added service for nost products
(if not soon then in years to cone).

The margi nal costs are near zero to service additional clients through the
Internet. Mich information is now offered for free on Internet, which hitherto
were only avail abl e through priced products/services.

39. Some NSGs have decided to nake access to their output database on Internet a
free service. Ohers, such as Statistics Canada, will use the output database to

i ncrease the amount of free information as preformatted summary tables (as extracts
fromthe output database) but will continue charging for access to the details
avail able in the output database.
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Gover nment Online

40. The specific position of an NSO to pricing is also guided by the genera
policies of its Government to the use of Internet for inproving comrunications with
its citizens. The future may see nore changes in this respect. The Canadi an
CGovernment has initiated a major programcalled Government Online (GOL) with the
target of making all its information and services accessible on the Internet by the
end of 2004, nostly for free, but sone for a fee with e-commerce as a paynent option
Presently, many individual, departnental Internet sites exist which provide
informati on to Canadi an citizens and organi sations, often including nmuch statistica
i nformati on obtained from Statistics Canada. W are actively pursuing with these
partners arrangenents where such information could be provided and updated fromthe
out put database (with full credit to Statistics Canada as the source). The next step
is to cluster services where information and services fromvarious departnments are
accessi bl e under one entry point (so-called single window. Cluster thenes are to
address specific citizen (and organi sati on) needs such as Consumer information,
Export information, etc. Mich discussion and testing is going on currently. Again,
statistical information from Statistics Canada is a highly wel cone part of cluster
servi ces.



