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1. INTRODUCTION

Statistics Canada has a history of generalized systems
devel opment which datesback to themid-1980s. During
those nearly 20 years, Statistics Canada has devel oped
several “core’ generalized systems. These include
systems for the survey functions of sampling, edit and
imputation, estimation, autocoding, disclosure control,
record linkage, and time series analysis. A brief
description of each of these systemsisgivenin Statistics
Canada (1999). There was also a system built for the
data collection and capture function, however this
system is being gradually replaced by an externaly
developed system. There have not been any generalized
systems built to date at Statistics Canada for the
functions of survey mailout, tabulation or dataanaysis.
Moreinformation onthe overall strategy for generalized
systems devel opment at Statistics Canada can be found
in Outrata and Chinnappa (1989).

There have a so been numerous other systems designed
at Statistics Canada which are more customized in
nature. For example, the Nearest-Neighbour Imputation
Methodology System (NIM) was initialy designed to
process the demographic data in the Canadian Census.
Recently, the devel opers of NIM have been working on
amore general approach to processing both qualitative
and quantitativevariables. Further detailson NIM canbe
found in Bankier et al (1999).

2. DESCRIPTION OF PRODUCTS

For the purposes of this paper, we will focus on the
three generalized systems which carry out the sampling,
edit and imputation, and estimation functions. Theseare
the Generalized Sampling System (GSAM), the
Generalized Edit and Imputation System (GEIS), and
the Generalized Estimation System (GES). Details on
these systems are given by Faber et a (1998), Kovar et
al (1991) and Estevao et a (1995) respectively . These
three systemswerethefocusof the earliest devel opment
of generalized systems at Statistics Canada.

GSAM, GEIS, and GES have been in production mode
for more than 10 years now. During that time, they have
evolved through new requirementsin survey processing,
and by incorporating new methodologies.

Due to the manner in which they developed from their
initial versions, these three systems are not integrated.
For example, they employ different foundation
softwares, such as SAS, Oracle, and C, with their
associated data structures. The systems operate on
different computing platforms, such as the mainframe
computer, UNIX and personal computer, or a
combination of these.

2.1 Functionality

Inits current guise, GSAM meets the needs of ahost of
small- and large-scale sample surveys at Statistics
Canada in the area of basic sample design and sample
selection. It supports sample selection for periodic
surveys, but can also be used for ad hoc surveys. The
functions within the system have been designed in a
modular fashion to facilitate ease of use. Thefour main
functionsin GSAM are stratification, sampleallocation,
sampling, and frame maintenance.

The current verson of GEIS provides edit and
imputation functions for primarily numerical survey
data. It isalso amodular system, athough the modules
arefunctionally linked to one another. GEISis used for
both periodic and onetime surveys. The system
providesfunctionality for the specification and analysis
of edits, univariate outlier detection, localization of
errors, automeaticimputation by deterministic, donor and
estimator methods, and also a prorating function.

GES provides a framework to carry out domain
estimation in business or social sample surveys,
specifically to satisfy requirements for stratified one-
stage cluster or element sample designs. Like the other
systems, it can be used for periodic or ad hoc surveys.
All of thefunctionsin GESweredesigned asindividual
modules. The four main functions are the cal culation of
sampledesignweights, calculation of calibrationfactors,
calculation of calibration estimates, and calculation of
synthetic estimates, al for any specified domain of
interest.



2.2 Data Structure

Both GSAM and GES operate on the Microsoft
Windows platform. Also, either system can berunin a
client-server configuration with aWindows client and a
UNIX server. Asthey are both SAS-based, they accept
SAS datasets as input and produce SAS datasets as
output. In addition, GES accepts flat files as input.

The current version of GEIS, on the other hand, is
Oracle-based. It will only accept and produce Oracle
tables as input and output. GEIS resides on both the
mainframe computer and UNIX platforms. Up until
several years ago, there was also a PC-based version of
GEIS, but Oracle stopped supporting their PC-DOS
software, and Statistics Canada was obliged to stop
supporting the PC version of GEIS as a consequence.
Currently, a SAS-compliant version of GEIS is in
development. Thisversionwill aso be ported to the PC,
along with UNIX. Asitisbased on SASversion 8, itis
not possible to place this SAS-compliant GEIS on the
mainframe computer a the present time, as SAS
version 8 is not yet available on that platform at
Statistics Canada.

Since our systems reside on various computing
platforms and are based on varying foundation
softwares, data transfers across the platforms and
to/from different file types are not uncommon. For
example, SAS is frequently used at Statistics Canada,
and survey developers have to migrate SAS datasets or
flat files into Oracle tables in order to use GEIS. To
satisfy such requirements as well as others which are
specific to the application concerned, custom-designed
pre- and post-processor programs sometimes haveto be
written to work in concert with these three systems.

Asfor archiving of data, it is generally left to the users
to develop their own customized tools to fulfill the
function. An exception is the mainframe computer,
where datasets are automatically archived after acertain
period of timeand can beretained indefinitely at asmall
cost to the user.

2.3 Users

Between 20 and 40 surveys per system use the
generalized systems for their sampling, edit and
imputation, and estimation needs. Thesesurveysvary in
size from very small (~1000 units) to very large (~1
million units). Some of these surveysuse only oneof the
systems, while others may use two or all three of them.

These surveysare of varioustypes, and can be simpleor
complex in nature. They generally have differing
stretification schemes, may have multiple-phase

samples, and deal with various sources of information.
For example, they may process administrative or
historical datain addition to current survey data. While
they are mostly business and agricultural surveys, there
are dso a number of socia surveys which use the
systems.

3. GOALSAND OBJECTIVES

In 1984, there was a mgjor redesign of the business
surveys at Statistics Canada. This played a crucial role
as the catalyst in generalized systems development. In
principle, Statistics Canada always prefersto buy rather
than develop tools for survey processing. However, at
the time of the redesign such tools, especially of a
generalized nature, were rare in the commercia sector
and not suited to Statistics Canada s needs. If some did
exist at Statistics Canada, they had been customized
according to the needs of the particular application.
Thus, development of generaized systemswasinitiated
“from the top” for the above three survey functions.

When the development of these generalized systemsdid
get underway, the main goal was to support the most
common methods of sampling, edit and imputation, and
estimation that were being used at Statistics Canada. At
the same time, it was recognized that some flexibility
also had to be built into the functions. In this way, the
duplication of effort across the customized systems
could be reduced. The requirements for satisfying this
goal had aready been gathered over amulti-year period
during which this duplication of effort was occurring.

User-friendliness of the systems was one of the
objectivesto be strived for in reaching the overall goal.
The use of graphical user interfaces, modular
components, and efficient input-output functions were
seen asthe primary meansof achieving thisobjective. In
particular, graphical user interfaceswereidentified asan
important tool to aid survey personnel in achieving a
short learning curve in the use of the systems and
thereby speed up development of survey applications.

Another objective was to focus on the use of a single
data structure for al three systems. Early on, executive
decisions steered devel opment toward the use of Oracle
asthat data structure. It was seen as the most technically
sound of the options investigated. It was soon realized,
however, that despitethetechnical advantagesof Oracle,
it was not always suitablein the computing environment
at Statistics Canada, in particular for computational ly-
intensive mathematical functions such as sampling and
estimation.



Inthemid-1990s, after theinitial versionsof thesystems
had been produced, astudy of standardization of system
architectures at Statistics Canada recommended that
SAS be used as a common tool in survey processing.
There were several reasons for this, including the fact
that there was aready widespread usage of SAS at
Statistics Canada and thus a broad knowledge base
dready existed. SAS aso has the advantage of
portability across the different computing platformsin
use at Statistics Canada, because of itsavailability onall
of them. Finally, SAS is designed to be efficient with
respect to the type of data processing associated with
sampling and estimation functions. This has resulted in
a policy of migrating automated survey functions to
SAS when they are redevel oped.

The three generalized systems now appear to be mature
enough in terms of the functionality they offer. Thishas
prompted Statistics Canada to focus the current
objectives on enhancement of the structure of the
systems. The measures being pursued include the
development of completely independent modulesfor all
systems, adding flexibility in terms of the computing
platforms and database formats, enhancing the user
interfaces, and further integrating the existing
customized tools into the generalized systems.

4. FIRST VERSIONS
4.1 Development

Behind the initial development of each of the systems
was an individua who had great expertise in the
methodology of the major functions of the system.
While the enthusiasm of these experts was not the sole
motivation for the decision to build the systems, they
were the driving force behind the step-by-step
development of the systemsoncethat decision had been
made, and their contributions were invaluable.

The general approach teken in the creation of the
systems differed from one system to the other. GESand
GEIS were developed to satisfy specific needs which
could then be applied to amultitude of Statistics Canada
surveys. For example, error locaization with minimum
change was one such specific need for edit and
imputation. Ontheother hand, GSAM wasbuilt withthe
idea of satisfying some genera needs for a specific
business survey. Later, GSAM was generalized to meet
the sampling needs of amuch broader range of surveys.

For theseinitial versions, theperiod of development and
testing comprised 2 to 3 years. For follow-up versions,
up to 1 year was required for the actual development
work, followed by 4 to 6 months of acceptance testing.

Development of these later versions of the systemswas
usualy undertaken to add some new functiondity,
which was identified through a mix of user support
activities, user surveys, discussion groups, and advice
from technica committees. Occasionally, technical
requirements such asthose resulting from changesto the
foundation software or mainframe computer operating
system necessitated changes to the systems themselves.
Any modifications to the system which brought about
development of a new version always had to be well
justified using cost/benefit analyses before being
approved by senior management.

The development teams for the systems were
multidisciplinary, with mathematical statisticians
coming from the Methodology Branch of Stetistics
Canada, and systems developers coming from the
Informatics Branch. For the early development, subject
matter personnel from variousareasof Statistics Canada
were aso included. These teams were managed in a
matrix management style rather than hierarchically. The
methodology staff and the systems developersfrom the
teams were never collocated during system
development. There were several reasons for this,
including alack of common office space and some fear
of loss of identity for these two rather distinct groups
involved in the development.

Asfor the program code for the systems, it was and still
is usual procedure for the mathematical statisticians to
first write detailed methodological specifications. The
systems developers then used these specifications in
designing and implementing the data structure and
program code, in close consultation withthe statisticians
to verify or clarify the methods specified. Thiswas the
procedure followed for both GEIS and GES; however
the first version of GSAM was in fact programmed by
statisticians.

If aprototype was used as the basis for development or
for later additions to the system, it was usually written
by mathematical statisticians. These prototypes were
sometimes incorporated directly into the system, but
more often than not they were modified to some degree
or rewritten entirely by systemsdevel opersbeforebeing
made part of the system.

4.2 Origins

Thefirst versions of the systemswhich exist today vary
with respect to their original source. While two of the
three were based to some degree on pre-existing
prototypes or simply stand-alone programs, the other
was developed from scratch. It was preferred to start
with some pre-existing system if possible to economize
on development time and cost. However, this was not



always possible due to the non-availability of such
prototypes or smply the fact that it was not feasible due
to requirements for the generalized systems that were
not compatible with the pre-existing system.

The first version of GSAM was in fact a prototype
written by mathematical stetisticians to satisfy the
general needs of a specific business survey in the
distributive trades area. While this worked well for that
particular application, it was decided that the system
could be used in a more generalized fashion for a
broader range of surveyswith somemaodificationsmade
to it. This prototype was then developed further and
enhanced by systems developers through the
development of an improved user interface and
improved input/output functions. GSAM was initialy
designed to operate in both the SAS and Oracle
environments; it exists today only as a SAS-based
product.

GEIS was based on a prototype system caled the
Numerical Edit and Imputation System, or NEIS (see
Sande, 1979). Themethodol ogy behind NEISwasbased
on the Fellegi-Holt (1976) principles of minimum
change, data integrity, and preservation of data
distributions. GEIS maintained this same approach for
itsfirst version, and still does so presently. Dueto alack
of detailed documentation for NEIS, it had to be
reverse-engineered in order to produce GEIS. At the
sametime, the system was converted from afoundation
software of FORTRAN to Oracle/C. The first few
versions of GEIS only addressed the functions of error
localization, imputation by estimator and donor
imputation; the additional functionality of the current
system was added later.

The first version of GES was based on a model-based
approach to estimation (see Sérndal et al, 1992) that was
being implemented at Statistics Canada. There were no
existing prototypesor programswhich used thismethod
upon which to further develop a system, and so the
traditional Statistics Canada method of system
development was followed, with methodologica
specifications written by statisticians, followed by the
system code being written by systems developers from
these specifications. Thefirst version of GEShad Oracle
as the underlying software. However, due to some
performance problems which were experienced due to
the frequent writes and reads to/from the data tables,
GESwas later converted to a SAS-based product.

5. THE BENEFITSVS. THE COSTS

AsDoucet (1992) said, there are many benefitsin using
generalized systems but there are also costs associated

with their development.  Before initiating the
development of a new system or modifying an existing
one, it is recommended to compare the benefits against
the costs. At Statistics Canada, before releasing funds
for the development of systems, senior management
considersthe potential users, the expected devel opment
costs, the impact on existing functions, and the chance
of success- or therisk of failure. Their expectationisto
attain functions that will be frequently used by survey
methodologists and analysts.

Fromtheusers' point of view, advantagesof generalized
systems include the availability of good "error-free"
functions, good related documentation, technical
support, agrowing expertise coming from anincreasing
number of users, an efficient implementation, the
reduction of application development time, and the
availability of complex methods that would not be
developed otherwise.

On the other hand, anybody involved in the
development or the use of a generalized system has to
face disadvantages. Managers must deal with cost
issues. Amongst other things, weknow that generalized
systems involve a long development schedule. The
functions obtained from the development activities are
generally complex and difficult to maintain. Thesetwo
facts justify the need for good funding sources. From
the developers point of view, the complexity of the
functions makes the job sometimes too challenging.
Indeed, typical mathematiciansdo not have thetechnical
knowledgeto join such ateam while systemsdevel opers
areconcerned with understanding the statistical concepts
behind the systems. Furthermore, proposed changes
must go through a series of management committees,
and when approved, new ideas are often difficult to fit
into existing system designs. As for the users
perspective, the use of generalized systems often means
that pre- and post-processors must be developed. This
is because the assumption behind the generalized
systems is that data will “fit” them, as opposed to the
customized systems which fit the data.

With the disadvantages|listed above, there are al so some
risks in developing generalized systems. Firdt, the
dependency on third-party software adds a level of
uncertainty. When old software versions become
obsolete, systems have to be modified. That happened
with GEIS at Statistics Canada. Its high dependency on
Oracle was the first reason to stop its development on
Windows, because of Oracle not being supported
anymore on that platform. Another risk isthefailure of
abig project such asageneralized system. Thedecision
to stop the development of the Data Collection and
Capture system (DC2) was made knowing that the
recovery of investments would not be complete. The



potential errors in methodological specifications or
program coding, even if not likely, represent a third
aspect of the risks. Such errors would impact many
applications. Finally, a fourth aspect comes from the
long development schedule. Some usersmay decidenot
to wait for ageneralized system. A customized system
with alternative methods would then be preferred.

6. DEVELOPMENT COSTS

We discussed cost considerations versus benefitsin the
previous section. The difficulty here is to quantify the
cost. We aready mentioned that systems are rarely
developed from scratch in the Stati stics Canada context.
Every version is made possible by previous research
activities, and for every successful idea, there are
unsuccessful ones that had to be funded. As well,
development ideas usually come from the experts only
after years of experience have aready been accrued.
There is obviously a cost associated to this but it is
difficult to quantify. For these reasons, any cost
evaluation would not consider the time spent on pre-
exigting systems from which generalized systems are
developed, nor the research activities, the past work or
the development of expertise.

With these cavesats, we can say the development of the
first few versions of a generalized system roughly
requires 2 to 4 mathematical statisticians and 3 to 5
systems developers (for an average of 7 persons) for a
three-year period. This represents roughly 20 person-
years for each system, but some systems require more
resources, like GEIS, and others reguire less, like
GSAM.  After the initid development, system
maintenance becomes mandatory because foundation
software keeps changing. We aso know that systems
haveto continuously evolvesince otherwise, they would
die in the user’'s perspective, with legitimate reasons.
System maintenance and improvement are carried out at
Statistics Canada at the cost of about 4 persons every
year for each system. Globally, this means an average
of 40 person-years have been spent on each system over
the past 10 years to bring them to their current level.
Thisexcludesthe 2 personsthat areallocated every year
to each system to provide users with technica and
methodological support.

7. ARE GOALSAND OBJECTIVESMET?

Thefirst goal of the generalized systemsisto reducethe
development costsrequired for customized systems. In
order to evaluate this aspect, the support team tries to
monitor the use of each system. Over the years, we
notice that the number of surveys developed using

generalized systemsisincreasing. Furthermore, thesize
and complexity of thesesurveysareasoincreasing. For
instance, the Unified Enterprise Survey that integrates
several business surveys was developed amost
exclusively based on generalized systems.

A user database hasbeen devel oped to storeinformation
about known users. It servesto monitor the number of
users, to justify the support resources, to evaluate the
benefits of generalized systems and to contact usersfor
various reasons. This offers a good opportunity to
identify thelevel of satisfaction and the needsregarding
future development. In that context, the benefits are
measured from a qualitative perspective rather than
guantitative. Thesavingsfromthereduced devel opment
of customized systems would be too difficult to
quantify.

Nevertheless, thereareclear advantagesinincreasingthe
interna use of the systems to optimize the initial
investment. This objective is achieved by making the
system available at no cost to all Statistics Canada
employees. The user support, whenever needed, isalso
provided internally at no cost to the users.

The users satisfaction is another objective which helps
achieve the main goal. When the product pleases the
clients, they become more inclined to use it. The
satisfaction and expectations are gathered through
severd vehicleslikeinformal discussionsduring support
activities, user discussion groups, and user surveys.
These represent the main sources of information behind
the continuous development.

8. HOW ARE THE SYSTEMS PROMOTED?

Thedevelopment of generaized systemsisjustified only
when there are users at the other end.  Although nobody
is ever forced to use generalized systems, senior
management strongly encourages survey developers to
use them. There are always cases where customized
systems are preferable.  In those cases, survey
developers do not really have to justify their decisions
but simply have to show their awareness of the existing
corporate tools.

Asmentioned before, asupport team was put in placeto
offer both methodol ogical and system support at no cost
for every user. This is a great incentive to use the
generalized systems. Other promotiona activities are
carried out through discussion groups, an intranet site,
presentations to recruits, promotional seminars,
demongtrationsaspart of general training programs, and
free documentation.



The philosophy of the support team is that a good
product reaches some levels of self-promotion. An
important feature from the users perspective is the
availability of diagnostic reports to evaluate the choice
of statistical method or the use of options. The reports
also offer performance diagnosticswhen problemsarise.
For instance, in case of an unexpected interruption of
GEIS processing, logs give information on what
happened and jobs can be launched again from
intermediate steps.

A second important feature is the availability of full
system documentation. Unfortunately, thesupport team
sometimes encounters staffing problems which cause
delaysinthedelivery of up-to-date user guides, tutorials
and on-line help documents.

9. LESSONSLEARNED AND FUTURE
DIRECTIONS

There are dways lessons to be learned from every
project. In the case of our generalized systems, we
realized that the scope of each decision was not aways
clear. It happened that decisions were made for some
reason and had unexpected impacts on other aspects.
Whether these impacts were good or bad, they
represented lessons for everybody involved in such
development projects. New directions have recently
been adopted as a reaction (see Kovar, Jeays, and
Poirier, 1999). Our lessons learned are the following.

Incremental development: The successful approach
Statistics Canada adopted was to initially implement a
few commonly-used methods, and thento gradually add
other useful ones. This alowed the release of
intermediate versions for users benefit and facilitates
management of the project.

A common foundation software: The choice of a
common foundation software isimportant for a suite of
systems. This approach was adopted initially with
Oracle, mostly for performancereasons. Unfortunately,
we redized later we could never make our users
comfortablewith this software, asopposed to SAS. Our
current effortstarget aslow migration of our systemsto
a SAS environment, involving custom-written SAS
procedures using the C programming language.

Individual statistical functions: Developers may be
tempted to develop a singular high-level statistical
system where the various functions such as sampling,
collection, editing, imputation, estimation, etc., are
completely integrated, but the recommendation is to
target individua components. The individual

components are easier to maintain, to use, to transfer,
and to support.

Modular development: Similarly to the individual
functions, the creation of modules within the functions
makes the maintenance easier. Power userswould aso
benefit by changing the sequence of modules or
replacing some with their own customized modules for
special requirements. Somesystemswerenot devel oped
in amodular fashion and we are currently redesigning
them with a modular approach. In some cases, the
performance may suffer but this does not alleviate the
benefits.

Graphical user interface:  The development of a
graphical interface, in the context of generalized
systems, is time consuming. Statistics Canada has in
certain cases dedicated more timeto building interfaces
than to developing therelated statistical functions. The
interface benefits do not justify their high costs at
Statistics Canada, especialy with the relatively small
number of users.

Theselessons drive the future directions of the systems
enhancement. Whilethe short-term directionstarget the
addition of functionsto satisfy statistical programs, the
longer-term directions aim at better integration of the
suite of generalized systems. Thistargetsthe migration
to SAS, a more appropriate foundation software. The
Standard Economic Processing System (StEPS) from
the United States may give a good example of such
integration (see Ahmed et al, 2000).

Asasecond objective, atool library isbeing prepared to
offer functionsand sub-functionsto users outside of the
rigid interface framework. This approach fits the need
for modules, as described above.

10. CONCLUDING REMARKS

The development of generdlized systems is a
tremendous effort that requires good planning. While
the goals and objectives focus on savings in the
processing of statistical data, the scope and content have
to grow slowly. With respect to this, only functionsthat
are not dready available should be targeted. At
Statistics Canada, most generalized systems are the
result of the redesign of pre-existing systems, with only
afew changesbeing made every year. Thisensuresthat
usablefunctionsarerel eased to userswhiledevel opment
isstill ongoing.
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