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I.  INTRODUCTION 
 
1. Prior to the 1976 Canadian Census of Population, variables were generally imputed sequentially 
in a deterministic fashion. The edits were not easily changed since they were part of a custom computer 
program.  Imputation of one variable could generate inconsistencies with other variables which then 
required another run of the imputation system.   Having to reprocess the data multiple times created 
delays, caused too many variables to be imputed and made it difficult, after the fact, to identify all the 
changes that had been made to the data.  Fellegi and Holt (1976) developed a method to identify the 
minimum number of variables to impute with suitable values then being taken from a single donor.  The 
resulting imputations based on this single run were guaranteed to pass the edits.  This methodology was 
implemented in the software CANEDIT (CANadian EDITing System) and was used in four Canadian 
Censuses of Population between 1976 and 1991.  It was an early example of a generalized system where 
the edit rules were an input into the program rather than being hard coded.   
 
2. The focus of this paper is on the evolution of Canadian Census of Population edit and imputation 
(E&I) systems since CANEDIT.  Change has been incremental with two Census E&I systems (an older 
and a newer one) often coexisting and processing different groups of census variables.  Usually the newer 
E&I system had some of the features of the older E&I system to make the adoption of the newer system 
easier.  In addition, the use of a newer system was extended gradually over several censuses.  
 
3. Section II describes some of the principles that have guided the development of the Census E&I 
methodologies and systems.  Section III outlines the development of Census E&I systems over the last 35 
years.  Section IV discusses why SPIDER (System for Processing Instructions for Directly Entered 
Requirements) was implemented for the 1981 Census.  Section V explains the process to replace 
CANEDIT with NIM (Nearest-Neighbour Imputation Methodology) in the 1996 Census.  Section VI 
looks at how SPIDER was gradually replaced by CANCEIS (Canadian Census Edit and Imputation 
System) during the 2001 and 2006 Censuses.  Section VII describes the optimization of the use of 
CANCEIS for the 2011 Census.  Some concluding remarks are provided in Section VIII. 
 
 
II. PRINCIPLES FOR E&I OF CENSUS DATA 
 
4. With most surveys, it is not possible to achieve complete and consistent responses for all 
respondents given limits on budgets and schedules.  This can be particularly problematic in a Census. 
 
5. Most users find it convenient to have missing, invalid and inconsistent responses imputed by the 
statistical agency.  
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6. Excessive imputation can cause significant imputation bias so every effort should be made in the 
field to minimize unit non-response, item non-response and inconsistencies. 
 
7. Responses should be imputed deterministically if it is known with certainty which variables need 
to be changed and what values should be imputed for these variables.  If this is not known, usually a 
minimum change donor imputation algorithm should be used where only the edits are specified by the 
user.  Sometimes responses that are suspect should be blanked out deterministically to help guide the 
minimum change donor imputation.  Occasionally if it is known that certain inconsistencies are the result 
of a systematic response error, deterministic imputation may be preferred to minimum change donor 
imputation. 
 
8. The imputation methodology should generate plausible imputation actions and preserve 
distributions of responses as a result of changing as few responses as possible. It should also make as few 
unverifiable assumptions as possible and those that are made should be as simple as possible. 
 
9. Any time a variable is imputed, a record should be kept of its value before imputation so that 
there is an audit trail of the impact of E&I available for evaluation purposes. 
 
10. It should be easy for the user to specify their edits and then review the resulting imputation 
actions at both the aggregate and household level.   
 
 
III. OVERVIEW OF THE DEVELOPMENT OF CENSUS E&I SYSTEMS 
 
11. CANEDIT, based on the minimum change imputation methodology proposed by Fellegi/Holt 
(1976), was implemented for the 1976 Census as described in Section I.   
 
12. For the 1981 Census, SPIDER was introduced as a second generalized system which allowed 
users to specify their edits through Decision Logic Tables (DLTs).  SPIDER was mainly used for 
deterministic imputation though it was also used to do donor imputation.  See Bankier and Crowe (2009) 
for more information on DLTs. 
 
13. For the 1996 Census, CANEDIT was replaced by a software called NIM.   NIM was used to 
carry out the minimum change donor E&I of the demographic variables (relationship to person 1, sex, 
marital status, common-law status and age).  The NIM allowed, for the first time, the simultaneous hot 
deck imputation of numeric and qualitative variables for large E&I problems.   These demographic 
variables were successfully processed over a one month period for eleven million households with up to 
5000 edit rules being applied simultaneously.   
 
14. For the 2001 Census, NIM was replaced by a new software called CANCEIS which implemented 
a generalization of the NIM methodology.  CANCEIS was used to perform minimum change donor 
imputation for labour, mobility, place of work and mode of transport variables as well as the 
demographic variables. CANCEIS was written in the programming language C. 
 
15. For the 2006 Census, CANCEIS was extended to do deterministic imputation so that it could 
replace SPIDER.  CANCEIS was then used to process all 2006 Census E&I variables except for a few 
modules where custom programs performed certain specialized tasks, as was also the case with SPIDER. 
 
16. For the 2011 Census, CANCEIS is being completely rewritten using the programming language 
C#.  It will replicate the functionality of 2006 CANCEIS as well as providing a number of enhancements.  
See Bankier and Crowe (2009) for more information on these enhancements. 
 
 
IV. CREATION OF SPIDER – 1981 CENSUS 
 
17. SPIDER was implemented for the 1981 Census to be used along with CANEDIT.  It provided the 
following new features: 
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(a) SPIDER could do both donor and deterministic imputation while CANEDIT could only do donor 
imputation. 
(b) SPIDER could process both numeric and qualitative data while CANEDIT could only process 
qualitative data.  
(c) Edits were more easily specified with SPIDER than with CANEDIT through the use of Decision 
Logic Tables (DLTs). 
 
18. SPIDER was originally designed to only do deterministic imputation.  It was then extended prior 
to its first use to do a rudimentary type of minimum change donor imputation.  SPIDER was used in five 
Canadian Censuses of Population between 1981 and 2001 as the primary Census E&I system. 
 
V.  REPLACING CANEDIT WITH NIM – 1996 CENSUS 
 
19. After the 1991 Census, a review was done of the methodology used by the CANEDIT and 
SPIDER software to determine if SPIDER could be extended to replace CANEDIT.  This review was 
done since it would be easier and cheaper to maintain and use one E&I system rather than two.  In 
addition, the SPIDER code was better understood than that of CANEDIT and hence SPIDER could be 
more easily maintained.  
 
20. The author studied the CANEDIT and SPIDER documentation and then considered how to do 
minimum change donor imputation efficiently for both numeric and qualitative data.  Bankier (1993) 
recommended a somewhat different approach to minimum change donor imputation from that of Fellegi 
and Holt.  Bankier suggested identifying the nearest neighbour donors first and then determining the 
minimum number of variables to impute for a failed record/donor pair. Fellegi and Holt recommended 
determining the minimum number of variables to impute and then finding nearest neighbour donors.  
Reversing this order of operations conferred a significant computational advantage to Bankier’s approach 
which allowed the imputation of numeric and qualitative data simultaneously plus it made the whole 
process more data driven.   Bankier also determined that the algorithm used by SPIDER would not 
always identify the minimum number of variables to impute and that this problem was not easy to 
correct.  As a result, Bankier recommended replacing CANEDIT with a new E&I system called NIM that 
would implement this new approach to donor imputation.  Note that the Fellegi and Holt approach can be 
used with a variety of imputation techniques while the approach suggested by Bankier can only be used 
with donor imputation. 
 
21. Further study was done to confirm that SPIDER could not be extended to replace CANEDIT.  As 
a result, it was decided to use NIM as a replacement for CANEDIT and have NIM process the 
demographic variables in the 1996 Census. 
 
22. With NIM, DLTs very similar to SPIDER DLTs were used to specify the edits.  Doing this made 
the conversion from one system to the other much easier for the subject matter (SM) experts.   
 
23. Methodology worked extensively with the SM experts reviewing and revising the concepts 
behind the demographic edits and then ensuring that the demographic edits were implemented correctly 
in the NIM DLTs.  Methodology and SM together also closely monitored the running of NIM in 
production to ensure the results were satisfactory.  SM experts and the E&I operations staff were very 
happy with the results. Because of this, they were willing to use this imputation methodology more 
widely in future censuses. 
 
 
VI. REPLACING SPIDER WITH CANCEIS – 2001 and 2006 CENSUSES 
 
24. The methodology implemented in NIM in 1996 focused on the imputation of qualitative variables 
though it could also handle the imputation of age as long as an edit involved only the age of one person or 
the difference in ages of two persons.  Bankier (1999) revisited the methodology and generalized it so 
that edits made up of propositions involving linear equations with any number of numeric variables could 
be used as well as propositions with qualitative variables.  This revised methodology was implemented 
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for the 2001 Census in a new software called CANCEIS.  CANCEIS used DLTs of a format very similar 
to NIM and SPIDER to make conversions to CANCEIS easier. 
 
25. CANCEIS was used in the 2001 Census to perform minimum change donor imputation for 
labour, mobility, place of work and mode of transport variables as well as the demographic variables.  
These additional variables were chosen for E&I by CANCEIS since it took SPIDER an excessive amount 
of time to process them in 1996.  SPIDER was still used in 2001 to do all necessary deterministic 
imputation and do donor imputation for those variables not processed with CANCEIS.  
 
26. CANCEIS was written in the programming language C.  Because of this, it could run on 
mainframe or personal computers (PCs).  CANCEIS processing in the 2001 Census was done on PCs 
after testing demonstrated that processing would be at least three times faster than on the mainframe and 
that there would be a savings of almost four hundred thousand Canadian dollars.  SM experts and the E&I 
operations staff were again very happy with the results produced by CANCEIS.  It was decided to replace 
SPIDER for the 2006 Census by extending CANCEIS to give it the ability to do deterministic imputation 
since a single system would be easier to use and all processing could be done on PCs. 
 
27. The extensions made to CANCEIS to replace SPIDER for the 2006 Census were done as part of 
an iterative, collaborative effort by the methodologists, systems analysts and SM experts. A version of 
CANCEIS would be released, used by methodology and SM personnel to convert SPIDER modules to 
CANCEIS modules and then improvements would be suggested.  A new version with improvements 
made would be released, used again and further improvements would be proposed.  This iterative 
approach resulted in the 2006 version of CANCEIS being developed in a timely fashion and it completely 
met the needs of SM experts.  The extensions to CANCEIS to allow deterministic imputation replicated 
enough of the SPIDER functionality so as to make the conversions relatively easy to do. 
 
28. All SPIDER modules (both those which did deterministic imputation and those which did donor 
imputation) were converted to CANCEIS with methodology working closely with SM experts.  Most 
modules were converted with relatively few changes because of the volume of work and limited time 
available.  A few modules (immigration, education and income) were extensively rewritten because the 
staff involved was highly motivated and the modules themselves were in need of improvement.  
CANCEIS successfully performed E&I on all 2006 Census variables. 
 
 
VII. REWRITING CANCEIS AND OPTIMIZING USE OF CANCEIS – 2011 CENSUS 
 
29. For the 2011 Census, CANCEIS is being completely rewritten in the C# programming language.  
This will make it easier to debug and maintain.  A number of enhancements are also being implemented 
in CANCEIS which are described in Bankier and Crowe (2009). 
 
30. In the Canadian Census, variables are split into non-overlapping groups called SM topics, and 
then these groups are processed sequentially in a series of E&I modules for each topic.  The two types of 
modules are called derive and donor.  Derive modules generate new variables and also perform 
deterministic imputation. Donor modules do minimum change donor imputation. 
 
31. For the 2011 Census, it was agreed that there should be a review of how the following ethno-
cultural topics had E&I carried out in 2006 with a view to both simplifying the processing and improving 
the data quality.  The ethno-cultural topics were processed sequentially in the following order in 2006: 

- Immigration and Citizenship 
- Place of Birth of Parent 
- Aboriginal 
- Ethnic Origin 
- Population Group, also known as ‘Visible Minority’ 

After the processing of a topic was completed in 2006, the imputed variables for that topic could not be 
changed by a later topic.  This was done to avoid introducing new inconsistencies into the earlier topic 
variables.  Sometimes, however, there were not sufficient edits defined in a later topic comparing the 
responses of that topic to an earlier topic.  This sometimes resulted in inconsistencies in the responses 
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between topics remaining after 2006 Census E&I. Many of these were corrected manually but a few 
remained on the final census data base. 
 
32. A working group of methodologists and SM experts was formed.  Crowe and Bureau (2008) 
documented the recommendations of the group and these were accepted by the E&I Task.  Many of the 
recommendations below relate not just to the ethno-cultural topics but are applicable to the E&I of all SM 
topics.    

a) Before writing the CANCEIS modules for a SM topic, it is recommended that a narrative be 
written that gives a clear overview of the objectives including  

- what records are in-scope for processing,  
- what responses are invalid,  
- what combinations of responses are inconsistent and  
- what responses are valid and consistent but outliers. 

b) Within a SM Topic and between SM topics, there must be greater communication and co-
ordination by those writing the modules to ensure that the imputed data at the end of the process 
is complete and consistent without later modules undoing the corrections of earlier modules or 
introducing new inconsistencies. 

c) The imputation process should be as data driven as possible.  This includes doing a detailed 
analysis of the data from the previous census to identify and prioritize what problems were 
present in the unimputed data or which remained in the imputed data. Preference should be given 
to donor imputation over deterministic imputation including resolving multiple responses.  As 
many variables as possible should be imputed from a single donor and the imputation should 
usually be carried out at the family or household level rather than the person level to preserve 
correlations between persons. 

d) Best practices should be identified and used consistently, where appropriate, across SM topics.  
For example, attempt to use donors which match exactly on most auxiliary variables to impute 
for most of the records and then relax the matching criteria for the minority of the failing records 
where this is not possible.  This is better than relaxing the matching criteria in order to be able to 
impute for all failing records in one pass (for more information see Bankier and Crowe, 2009).  It 
is also recommended that data never be overwritten and that a naming convention be used which 
includes the module name where a variable was created.  This allows a complete audit trail to be 
created of the imputation process.  Finally, standard tabulation and analysis techniques should be 
used for all SM topics with some custom tabulations being allowed as required (see Bankier and 
Benjamin, 2009). 

e) In terms of combining the ethno-cultural topics, the results of a preliminary study showed that a 
single donor can be used to resolve any edit failures among the ethno-cultural variables for 
between 80% and 90% of the records that fail the edits.  This can be done, for example, when all 
the ethno-cultural variables suffer from non-response or when just the ethnic origin question 
suffers from non-response.  The remaining records may continue to have the various ethno-
cultural variables imputed sequentially as was done in the 2006 Census.  

 
33. It is hoped that the approaches outlined above will simplify the processing of a number of SM 
topics. Many have not had their modules rewritten for a number of censuses and have become very 
complex to understand and maintain because of a lack of up to date documentation plus the many patches 
or “fixes” that have been done over time.   
 
 
VIII.  CONCLUDING REMARKS 
 
34. Any census E&I system is so complex that it is difficult, if not impossible, to completely change 
from one system to another in a single census.  It is safer to switch a relatively small group of variables to 
a new system in one census and then add additional variables over time.  It is also useful, because of the 
complexity of the processing, to have some continuity in the methodologists, SM and operations staff 
working on E&I over two or more censuses.  This is somewhat easier in Canada since censuses take place 
every 5 years.  Almost as important as the minimum change imputation algorithm used is the need to 
have well designed users’ interfaces for specifying edits plus referencing the data dictionary which lists 
the variables and their possible responses.  Training for and documentation of the E&I systems are also 
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very important because there will be a turnover of staff every 5 years.  In addition, documentation of the 
E&I modules and clear communication regarding the aims of the different modules among the various 
authors is crucial for the smooth processing and satisfactory outcome of the whole E&I process.  Good 
monitoring tabulations are also required so that it can be quickly determined whether certain modules 
must be redone or whether processing can proceed.  Finally, there has be an expectation that an E&I 
system will be completely rewritten every ten or fifteen years to allow it to be maintained and take 
advantage of advances in E&I methodology and programming languages.  
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