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ABSTRACT

National and international statistical bureaus produce ca. 25,000
tables for publication each year, based on hundreds of inter-
related object-types with thousands of attributes. It would appear
that this environment should be well suited to the application of
data base management techniques for the administration of the data.

This paper presents a data oriented model of the statistical produc-
tion process which is used as a basis for a review of the state of
experience within statistical offices with commercially available
data base management systems. We conclude with a presentation of
some important data management facilities which must be enhanced or
developed in order to support statistical production processing.
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1. BACKGROUKD

buring the last 20-25 years, national statistical officies have relied
heavily upon computerized data processing techniques [Nordbotten, 1961,
fazimour, 1977]+« Increasingly, attention has been directed towards
improving data  administrative (storage and retrieval) functions
[Hordbotten, 196G, 1967a 1967bj. ilore recently the usefullness of data
base management techniques has been studied [Claringbold and Smith,
1973, Veim and Sundgren, 1979]. In 1978, the Conference of European
Statisticians reviewed a report on the use and future need for data base
management in national statistical services [Croup of Rapporteurs on
Db, 19781« According to a follow up survey, [Davies, 1979], data base
manageuent systems are being used or tested in the national statistical

offices of LB Luropean and American countries.

Viewing this interest and activity, it seems safe to observe that data
base manageuent systems will become a part of the computerized data
processing services offered to statistical offices. The objective of
thiis paper is to review this exploratory activity from the view point of
the data manazement requirements for statistical data processing in
order to estimate the wvalue of these systems to the statistical
production environment. Further, those data management facilities
required but mnot fully supported by currently available data base
management systems are outlined with the intent of directing attention

to the development of these facilities.
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2. DATA MANAGEMENT IN STATISTICAL DATA PROCESSIGRG

Traditionally statistical production systems have been based on the life
cycle of the statistical survey. Figure 1 (adapted from [Veim and
Sundoren, 1979]) provides a wodel of survey processing viewed as a
sequence of activities:

1. Survey formulation
stems from the definition of a ‘problem” or a request for

infornation about some real world entities. The survey
formulation process defines a real world model, or
entity model, describing the entities of concern then defines
the data required to describe the model, the desired

respondents, any alternate data sources and finally, the
desired aggregations/statistics to be realized.

2. Data gathering
selects a respondent group for the guestionairs, processes the
responces and gathers the required data from the specified
alternate sources. The data is merged and placed into storage
structures representing the original entity model.

3. Coding and Editing
involves the translation of verbal data to predetermined code
values and the test and correction of all data. Data editing
normally is preformed in a series of passes through the data
collection, each pass checking and correcting one or a related
set of the attributes within the data.

4. Data aggregation
involves the statistical processing of the micro data imto the
desired  aggregate information elements. The aggregation
routines each process some subset of the total micro data
collection. Hew agzregation routines may be defined throughout
the life of the data.

5. Presentation
covers the retrieval, analysis and publication of the
aggregated statistiecs. Information requests concerning aspects
of the original entity model should first be addressed to the
presentation processes, which search the macro data for
relevant dinformation before resorting to an aggregation

process.
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2.] Statistical Data

During survey processing, the survey data 1is continuously refined,

producing as “by-products”:

1. Raw data
which includes the initial data collected from the respondents,
with any data from alternate sources such as administrative
data collected by other, non-statistical agencies.

2. Micro data
which is the result of the coding and editing processes on the
raw data, merged with any micro data retrieved from previous
surveys. Hicro data is archived for use 1in the current and
future apggregation processes. From the archive it may also be
used to supplement new survey data.

3. Macro data
which is the primary statistical data, aggregated from the
micro data of the survey. The macro data is archived acording
to a storage structure representing the entity model specified
for the survey. The analysis and presentation processes will
retrieve their data from the macro data (the data archive).
The data archive of figure 1 represents the total data collection for a
survey, both its primary micro data and the aggregate macro data. This
archive is frequently organized as a set of more or less loosely related
files. Qur interest 1is in the degree it is applicable to store this

data in one or more related data bases administered by a data base

management system, ULUBHS.
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Fizure 1 alsco indicates the directive data, or meta data, which is wused

to describe and direct the processing at each of the production stages.

1. The Entity :lodel
describes the entities and their attributes which are of
interest 1in the framework of the survey. This model outlines
the data types which need to be gathered for the survey.

2. The Survey frame
describes the respondent group to which the survey questionairs
are sente

3. The Code tables and Edit rules
constitute the translations and allowable relationships for the

collected data,

4. The Aggregation rules
describe the agprepation routines acting upon the micro data.

5. The Table frames and Information Requests
describe the layout of the resulting tables and the activating
queries recognized by the system.
These meta data describe and permit interpretation of both the micro and
macro data resulting from the survey processes. As such it 1s necessary

to record and retain access to these data when processing the micro aund

macro data.
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2.2 A Data Uriented lodel of the Statistical Production Process

From the previous discussion we note that the data archive, as
illustrated in fipure 1, actually consists of two ‘levels” of
statistical data, the micro and macro data. We know that micro data,
once accepted for accuracy, will seldom be subject to recoding or
further editing. 7This data is archived for the current as well as for
future aggregation processes. Inorder to be able to interpret the micro
data properly, the code tables and edit rules must be available. Also
the knowledge imbedded in the original eutity model as well as the
survey frame must be known. Hormally it is also necessary to have a
detailed knowledge of the storage structures used for the micro data,
particularly if the following processes occurr some time after the

generation of the micre data archive.

Ihe aggregation proceses actually produce the macro data from previously
collected micro data. Uccasionally aggragation processes can be run up
to several years followinp the generation of the micro data which serve
as input to these routines. It is imperative for these routines that
the descriptive data for the micro data be readily available. Stored
macro data will also need to be described if it is to be properily

understood and used in other processes following its generation.

sased on the time separate processing procedures for the micro and macro
data with the need for recording meta data describing each as well as
tne relationships between the two, a triple point data base model has
been proposed [Sundgren, 1978, Veim and Sundgren, 1979]. This model is

presented in fipgure 2.
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According to this model of the survey production process:

1. The basic survey production processes remain as before.
Control of their functions is given to a production control
module which is capable of initiating ‘out of sequence”’
processing, for example the initiation of a (new) aggregation
routine, combining several sets of micro data. The request
evaluation process would use the meta data base to determine
the existance of relevant data.

2. All data administration, including the definition of both the
micro and macro data, generation of storage structures,
retrieval of data and execution of access control 1s provided
by a common data management sSystems *) The meta data base
connects and describes access paths and relationships between
the micro and macro data bases, thus providing the descriptive
and control information necessary to service the multiple
processes.

Qur interest now centers on the data management Ffacilities required

within this system.

2.3 bata Management Requirements

Data management refers to the functions of data description, storage,
retrieval and structure maintenance as well as access and integrity
control. The data storase structures selected for an application
process, here the statistical survey, should minimize the retrieval and
maintenance processing times, while allowing sufficient flexibility for
various data access requirements. The data management facility should
also provide support for the data definition requirements of the
application system, here, for recording and providing access to the meta

data. Studies of data management requirements in statistical systems

[Group of Rapporteurs on DBM, 1978, Veim and Sundgren, 1979] identify

*) Possibly using some commercially available data base management
system, DBHMS.
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the following requirements:
1. provide definition facilities for the meta, macro and micro

data,

2. manage multiple, inter-related data archives, representing the
data for multiple surveys,

3. provide basic data management Ffunctions: storage, retrieval
and replacement of data in any one of the a-\‘dxwes,

4. allow sepavate 5 wdl as combiined (rocessing of the micro and
nmacro data bases,

5. allow multiple, complex and ad-hoc queries to the meta as well
as the macro and micro data,

6. allow bateh and on-line processing,

7. provide data security, (data privacy and integrity).

8. allow data base pgrowth in number of recorded instances, and 1in

addition of new data types

From reviews of the data base litterature [Veim and Sundgren, 1979], we
know that this requirement 1list corresponds well with the goal
statements of data base management systems. The requirements list, and
its comparable DBMS goal set, has not yet been completely acheived,
however powerful tools are available for many of the facilities

required.

Center for Digital Economy Research
Stem School of Business
Working Paper [S-81-02



Page 11

3. USING DATA BASE HARAGEMENT SYSTEMS

The previous section indicates a system environment which is suitable
for data base management technology. We will here review the data base
nanagement experiences of some statistical offices with respect to the
system environment modeled in figure 2. Our model is of a future, data
oriented system. For the most part the state-of-the-art in both data
base management systems and their application in statistical production
systems is at the more simplistic level of figure 1, i.e. at the single
application (survey)e. Therefore we will look at DBHS usage for data
administration of each of the three levels of statistical data: micro,

macro and weta, for survey production processing.

3.1 Data Base iHanapgement System Structure

tenerally, a data base management system, DBiS, can be viewed as a
system of three parts [Veim, 1977 and 1980] which interact to provide an

integzrated data manageuent tool, see figure 3.

l. The data base management routines, DBIHR

contain the wuser communication routines such as the data
definition and manipulation languages, DDL and DdL, and the
data management routines for data storage, retrieval, storage
maintenance and access control. This component provides the
capabilities and facilities of the particular DBMS. It would
be in this component that the Ffacilities for fulfilling the
goal list of section 2.3 would be found.
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2. the S5CHEHA
contains the data definitions specified by the user anid
required by the host language processors and the DBUMR for

access to the data stored within the data base. Depending on
the specific DBIIS, these definitions pretain to three levels of
description:

1. the external schemas, which describe the data requirements
for each user,

2. the conceptual schema, which provides the union of the
external schemas, supplemented with any applicable control
information, and

3. the internal schema, which describes the physical layout of
the data within the data base.

The DBMS/SCUEMA provides a Ffacility for defining the data
oriented meta data, i.e. the data describing the data names,
formats and data element sets required for the processing
routines (users).

3. the data base
contains the user data with any access data (indices and
relationship representations) required. The DBMS assumes that
the data base will contain data collected for two or more
inter-related object-types.
Depending on the DS, the data base is structured as a set of files or
as an integrated set of record-types.*) In either case, the data base

structures will be fully described within the schema and the DBMR will

contain the appropriate service routines,

%) For a review of the file stuctures used by data base management
systems see [Hartin, 1977, Cotton et.al.,1979 or Veim, 1980].
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3.2 Data Modeling and the lieta Data Base

A Statistical survey, or set of surveys, builds upon a model of the
object system being studied [Nordbotten, 1980], shown as the entity
model in figure 1. The survey collects and processes its data according
to this object system model. The collected data is further defined by
the meta data (illustrated in figure 1) which describes the the survey
frame, the code tables and editing rules to be applied to the micro
data, the rules for gencration of the macro data and the product table
formats. Implicit in the meta data is a description of the data model
and the data formats to be usad. We can divide these mneta data into

three parts:

1. a model description,

ziving the entity and attribute names, definitions and
inter-relationships which are to be represented by the survey
data,

2. a process description,
describing the code tables, edit rules and generation
algorithms to be used when processing the data, and
3. a data description,
giving data names and types and inter-data element
relationships be used when accessing the survey datae.
Current, commercially available DBMSs, (IBM"s IMS, UNIVAC"s DMS-1100,
Cincom”s TOTAL, etec.), support data modeling only at the stored data
element level, corresponding to point 3 above. Primitive  model
description facilities, corresponding to point 1 above, are provided as
the translation from a graphic/table description to the schema layout.

The mwodel types assumed and thereafter described include one of

hierarchic, network or relational structures [Martin, 1976, Date, 1977].
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Comnercially, work on defining the entity model, {its data wvalue sets
with their generation and presentation rules as well as their legal
domains, 1is considered a function of the data dictionary system, i.e.
as a strict (and separate) library facility for data terms. Before a
true meta data base can exist, the existing schema data must be extended

to include the data dictionary data.

Within the framework of statistical offices, work is Dbeing done to
develop data management systems which offer an extended meta data base
facility. Of particular interest is the Decision Information Display
System, DIDS, which currently supports queries of the basic schema data
and is being extended to include higher order meta data [Duncan, 1980]

and the RAM system development in Sweden [Sundgren, 1977 and 1973].

3.3 The Miecro Data Base

The storage structure for the micro data base is of primary importance
as wirtually all processing of the survey data-will have to work within
the restrictions set by this strgcture. The data capture processes,
iec. those translating questionair data to machine readable fora,
function serially. Initial coding and editing are also frequently
performed serially, or serially within assigned groups, for example,
within geographic areas. Editing for consistancy between attribute
values requires the ability to select a subset of the attributes, via a

PROJECT *) facility and then serial processing through the data.

*) Describing the data required for a particular process can be
stated as one or a combination of the relational operators
SELECT, a subset containing a given value set, PROJECT, over a
subset of attributes or JOIN two or more relations containing a
commeon attribute, see [DATE, 1977).
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Traditional serial/sequential data storage, provides an
unordered/ordered 1list of all record occurrences. This is basically
satisfactory for the initial micro data processes, however no support is
provided for the selection of subsets of the data by specified

attributes, using a PROJECT facility.

Survey data, considered as one record per respondent, frequently may
have as many as several hundred attributes. of which only a small
sub-set, <10, will be required for the cross attribute editing or the
later aggregation processes. Both the editing and aggregation processes
use a large number of the data records, normally >10%Z. These attributes

have lead to the definition of a statistical query as distint from a

report, using many attributes of “all” data or an information request

for “all” attributes of one record. [Cotton, 1979].

A DBHS can dimprove the micro data processing, prinecipally by the
maintenance of the schema data allowing the support of PROJECT
facilities. BSeveral commerclal systems are in use for wmicro data
processing, including TOTAL, ADABAS and the DBHS available from the
central computer vendor (IL8H’s IM3, UNIVAC s DMS8-1100, Honey~Well’s IDS,
etec.) [Davies, 1974j. Bxperience with these systems indicates that
their emphasis is on providing support for imformation queries, as
described above, or queries relying on the SELECT facility. Therefore,
their performance for the statistical query is not as good as desired.
From these observations, btatistics Canada is developing a DBMS called
RAPID [Cotton, 1979] which will principally support the statistical

query via the PROJECT facility on data stored as transposed files.
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3.4 The Macro Data Base

The macro data base most frequently resides in the publications printed
by the <various statistical offices. New macro data are generated by
reprocessing the stored micro data, wusually after programming a new
aggregation procedure. This procedure can take many weeks. If some
time has passed, this process may be made difficult to impossible due to

the loss of meta data.

Several statistical offices are investigating the feasibility of
providing an on-line macro data base for interactive query and analysis.
Interesting systems are being developed 1in Sweden, the UK, [Davies,
1979] and in the United States [Mendelssohn, 1979, Duncan, 1980]. In
order for these systems to be truly user oriented, the data management

system nust provide support for an extended meta data base.

Current experience indicates that the relatiomal model of the entity
model provides the best user interface. The underlying DBMS must then
support this view. Within statistical offices (e.g. Canadian, Swedish,
US bdureau of Labor Statisties), tne Canadian system RAPID or its
predecessors is being tested for the data management of the macro data
base. In other offices, the commercial DBiS, available from the wvendor
of their computer equipment, is being used. Positive experiences are

reported for UNIVAC®s D:S~1100, and Cincom”s TOTAL [Davies, 1979].
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4. CUNCLUSIONS

It seems feasible to view the production of statisties as a set of
processes aimed at developing and maintaining a comprehensive
statistical data bank, encompassing the micro and macre data, described
by the meta data, as illustrated in fig.Z2. The stated objectives of
current data base wmanagement system software provide a potentially
powerful tool for the administration of this data. Illowever further

developwment must be made on:

1. incorporating meta data into the total data base system, and

2. providing support for statistical queries.

Experience indicates that such an ambitious plan as suggested in figure
2, can be atteaptad Ly developing one data e, of mieco and wmaero data,
at o Ywwe, cotTesPoreling to the separate surveys as they are preformed.
This 1leads to a final major requirement for data maﬁagement services,
that of:

-

3. providing for data base growth or extension.
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