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1 Introduction

This report describes the characteristics of the CANCEIS and SCIA applications implemented by ISTAT in WP 4.1 and WP 5.1 on SARs data set.

As already mentioned in the document “Application of CANCEIS and SCIA to the U.K. SARs data - Description of the methods”, performing a CANCEIS or a SCIA application means to execute jointly the editing and imputation processes. For this reason we do not separate the description of the applications carried out in WP4.1 (error localisation) from the description of the applications carried out in WP5.1 (imputation of missing values).

2 Overall strategy

The Sample of Anonymised Records from U.K. 1991 Census (SARs data set) contains information on people (sub-units) within households (unit) and therefore has a hierarchical structure. 

According to the level of collection, variables can be of person type (they refer to individual features and are collected at individual level) or household type (they refer to household features and are collected at household level).

Person variables can be classified in demographic variables (age, sex, marital status, relationship to the household head) and non-demographic variables (cobirth, distwork, hours, ltill, migorgn, qualnum, qualevel, qualsub, residsta, termtim, urvisit, workplce, econprim, isco1, isco2).

Values of demographic variables are related among different persons within the household and also inside the person. The relationships of the first type are specified by between persons edit rules and involve variables belonging to different sub-units (they are also named inter-records edit rules as, generally, information about a person are recorded on a single record), while the relationships of the second type are specified by within person edit rules and involve variables belonging to the same sub-unit (they are also named intra-record edit rules). The features of the constraints defined for demographic variables suggest to edit them as a group for the whole household.

Values of non-demographic variables are related only inside the person, therefore for this type of variables it is possible to define only within person edit rules. We remark that some demographic variables are also connected with non-demographic variables, this obliges the subject-matter expert to specify constraints (edit rules) involving values of both types of variables (demographic and non-demographic type). The features of the constraints defined for non-demographic variables allow to edit them as a group for individual persons.

As regards household variables (bath, cenheat, insidewc, cars, hhsptype, roomsnum, tenure), it is only possible to specify edit rules at the household level. Also these edit rules are intra-record edit rules (like the within person edit rules) because information about the household are generally recorded on a single record. The household variables can, obviously, be edited only as a group for the household.

Most of variables are of categorical nature, some are ordinal and very few are numeric (age, roomsnum and hours). Relationships among categorical or ordinal data (qualitative data) are specifiable by logical edit rules, while the relationships among numeric variables are expressed by arithmetic edit rules. Handling SARs data, arithmetic edit rules are needed to check the Age difference between parents and children. These demographic between persons constraints are in fact specified by linear inequalities. 

This scenario makes the edit and imputation task for the SARs data quite a complex matter. It has been tackled by using a combination of CANCEIS (Bankier et al., 2000) and SCIA (Riccini et al., 1995) systems.

CANCEIS system implements the Nearest-Neighbour Imputation Methodology (NIM) (Bankier, 1999). The NIM has been developed and used to perform editing and imputation of demographic variables characterised by having a hierarchical structure and therefore using between persons edit rules as well as within person edit rules. It can process edit rules defined by conjunctions of logical propositions or linear inequalities. Therefore the NIM is suitable to treat invalid or inconsistent responses for qualitative and numeric variables simultaneously. 

SCIA system implements the Fellegi-Holt methodology (Fellegi et al., 1976) for qualitative variables. The Fellegi-Holt methodology is widely used to perform editing and imputation of variables of a specified nature (qualitative or numeric) as the algorithm determining the theoretical minimum number of variables to impute needs edit rules of the same type (logical or arithmetic). Between persons edit rules are hardly processed because of the computational limitations arising at the growing of the number of sub-units inside the unit: the higher the number of sub-units in the unit, the higher is the number of generated implicit edits and the implicit-edit generation process can become too complex to accomplish. Therefore the Fellegi-Holt methodology is suitable to treat invalid or inconsistent responses for qualitative or numeric variables when only intra-record edit rules are specified. In particular, SCIA system can only process edit rules specified by conjunctions of logical propositions.

The CANCEIS and the SCIA systems have been jointly used to clean the SARs data. The overall strategy is shown in Figure1.

Figure 1: Overall strategy


First of all we separated the handling of the person variables from the handling of the household variables. This separation was demanded from the consideration that the household variables are collected at household level and need to be edited (and eventually imputed) at household level, while the person variables are collected at individual level. 

We designed to edit and impute the person variables by a two-phases process: in the first phase the demographic variables were handled by CANCEIS system using the between persons edit rules specified for the demographic variables (demographic between persons edit rules) together with the within person edit rules specified for the demographic variables (demographic within persons edit rules); subsequently the non-demographic variables were handled by SCIA system. The two editing and imputation phases were separately performed. 

After the first phase was carried out, we realised that, because of the perturbation process, all households within a stratum failed the CANCEIS edit rules. This caused CANCEIS was not able to provide a corrected outcome data set for that stratum because there were no donors to impute the failed households. Therefore, the demographic variables in that stratum remained uncorrected. 

As consequence, designing the second phase, we decided to separate the records considered “corrected” according to CANCEIS system (passed household plus imputed households) from the records “not corrected” by CANCEIS system because there were no donors (not imputed failed households) and implemented two different SCIA applications.

The first SCIA application was implemented for the set of records corrected by CANCEIS system. This SCIA application performed editing and imputation of the non-demographic person variables. At this aim only the edit rules specified for non-demographic variables were used (non-demographic edit rules). Because of constraints connecting values of some demographic variables (Age, Sex and Marital status) with values of non-demographic variables, during the processing of the second phase it was necessary to maintain fixed all the values of the demographic variables handled in the first phase. Their fixity was due to guarantee the data coherence with all the edit rules (used in both phases), that is, the final correctness of results.

The second SCIA application was implemented for the set of records not corrected by CANCEIS system. This SCIA application performed editing and imputation of the non-demographic person variables as well as the demographic ones. At this aim we used the non-demographic edit rules together with the within person edit rules specified for the demographic variables (demographic within person edit rules). The goal was to accomplish a partial E&I of the demographic variables. Processing this application, the fixity for the demographic variables was removed allowing the SCIA system to impute them. We remark that the demographic between person edit rules could not be used by SCIA system and therefore the data coherence with this set of edit rules was not guaranteed. In other words, the values of the demographic variables were not checked (and, of course, not corrected) according to the set of between person edit rules specified for them.

The application on the household variables was carried out independently from the application on the person variables. The household variables were edited and imputed by SCIA system.

To summarise, CANCEIS and SCIA systems were jointly used to edit and impute SARs data. A CANCEIS application was implemented to handle demographic person variables (it is described in Section 3) while several SCIA applications were implemented to handle non-demographic person variables and household variables (they are described in Section 4). Section 5 reports some statistics on the overall CANCEIS-SCIA process carried out in WP4.1 on the newhholdme.csv data set, that is, the perturbed evaluation SARs data set with both missing and erroneous values. Section 6 reports some statistics on the overall CANCEIS-SCIA process carried out in WP5.1 on the newhholdm.csv data set, that is the perturbed evaluation SARs data set with only missing values.

3 CANCEIS application

3.1 Edit rules
In WP4.1 and WP5.1 CANCEIS system has been used to edit demographic variables (sex, age, marital status and relationship to household head) of SARs data.

The set of edit rules is used by CANCEIS to perform both edit and imputation.

The conflict edit rules used to determine if a household passes or fails are supplied by the user in the form of Decision Logic Tables (DLTs). DLTs are a collection of rules organised into a tabular structure. The specification of the DLTs is a critical part of the application. Great care has to be taken in converting the edit rules into the required format of DLTs. In the application for demographic SARs data, between persons edit rules and within person edit rules were used.

The edit rules used in the application are described in Table 1 (“relat” stands by “relationship to household head”, while “mstatus” stands by “marital status).

Table 1. Set of edit rules used to edit demographic variables

ID Number
Edit rule

0
A person not in first position has the Relationship to household head=household head

1
A person aged less than 16 must have marital status of single (mstatus = 1)

2
A household head who has a husband/wife in the household must have marital status married or remarried (mstatus = 2 or 3)

3
Spouse and household head must be of opposite sex

4
Parents (relat=7) must be of opposite sex. The same for parent in law (relat=8)

5
A parent must be 13 or more years older than the child (household head and son/daughter; parent and household head; parent and brother; spouse/cohabitee and child of cohabitee; parent in law and spouse/cohabitee)

6
A grandson or granddaughter must be at least 26 years younger than the grandparent (household head and grandchild; parent and son/daughter, parent in law and child of cohabitee)

7
A person cannot have a spouse within the household as well as a cohabitee (relat = 2) within the household

8
Parents cannot be more that two within the household. The same for parents in law

9
Household head must be aged 16 or over

10
Divorced person must be aged 16 or over

11
Spouse (relat=1) or cohabitee (relat=2) or son/daughter in law (relat=5) or cohabitee of son/daughter (relat=6) must be aged 16 or over

12
Parent (relat=7) or parent in law (relat=8) must be aged 29 or over

13
Spouse must have marital status married or remarried (mstatus = 2 or 3)

14
There cannot be two spouses within the household. The same for two cohabitees (relat = 2)

15
A father cannot be 70 or more years older than the child (household head and son/daughter; parent and household head; parent and brother; spouse/cohabitee and child of cohabitee; parent in law and spouse/cohabitee)

16
A mother cannot be 55 or more years older than the child (household head and son/daughter; parent and household head; parent and brother; spouse/cohabitee and child of cohabitee; parent in law and spouse/cohabitee)

17
A grandchild of the household head (relat = 11) must be at least 39 years younger than the parent of the household head

18
If the household head is male, a son/daughter (relat=3) cannot be 57 or more years older than another son/daughter (relat=3). The same for the cohabitee and his child (relat=4)

19
If the household head is female, a son/daughter (relat=3) cannot be 42 or more years older than another son/daughter (relat=3). The same for the cohabitee and her child (relat=4)

20
A brother/sister of the household head (relat=9) cannot be 57 or more years older or younger than the household head

21
A brother/sister of the household head (relat=9) cannot be 57 or more years older than another brother/sister of the household head (relat=9)

22
The spouse or the cohabitee cannot be 40 or more years older or younger than the household head

23
A parent (relat=7) cannot be 40 or more years older than the other parent. The same for the parents in law (relat=8)

Note that, rules 0 to 14 are defines as hard edits rules that must be passed, whilst rules 15 to 23 are defined as soft edits rules which ideally will be passed although each case will have to be looked at individually. 

The possibility to look at each case failing soft edit rules was, of course, discarded. The application was performed using hard edits rules to identify households that need imputation (in the following “consistency” edit rules) while soft edit rules were used as “donor selection” edit rules. This means that the soft edit rules were not applied to identify households that need imputation but were used to place additional restrictions on the imputation actions and on which passed households were used as donors. 

Note that, in addition to the consistency edit rules, the system also uses the validity edit rules defined in phase of supplying data dictionary information. The validity edit rules enable the system to find the invalid data, that is, the missing values or values outside the set of valid responses defined for each variable. 

3.2 Implementing the CANCEIS application
In the following the main steps of the CANCEIS application are described.

Step 1
Pre-processing of data 

a) Coding:

a1. of blank values (CANCEIS does not allow blank values). Note that missing values created during perturbation phase are represented by a blank cell. Missing value have been codified by “-1” value.

a2. of zero values for coded variable (CANCEIS allows zero values only for numeric variables). Note that in the relationship to household head variable, the “household head” category is represented by a zero value. This drawback was solved by adding the value of 1 to the value of the relationship to household head variable.

b) Placement of the household head in first position. 
The evaluation SARs data set is composed of 492472 individual records. The individuals belong to 196224 households. The households have from 1 to 11 persons. The frequency of each household size is reported in Table 2:

Table 2. Household size frequency 

Household size
Frequency
Cumulative frequency

1
50684
50684

2
65444
116128

3
32600
148728

4
31268
179996

5
11418
191414

6
3543
194957

7
769
195726

8
305
196031

9
108
196139

10
50
196189

11
35
196224

The household head (relationship to household head =0) was not always at the first position, stated by the person number within household (pnum) variable. So we changed some ordering of the persons in the household. At the end of the ordering process, all households had the household head (relationship to household head =0) at the first position. The new ordering was stated by a new variable named newpnum.
The resulting ordering of the persons in the households was obtained applying some deterministic rules. We drew the ordering rules from the comparison of the ordering in the perturbed development data set for area 2, named newhhold(area 2)me.csv, with the ordering in the associated clean development data set, named newhhold(area 2)new.csv. The ordering rules are displayed in Table 3 (“relat” stands by relationship to household head):
Table 3. Rules to place household head in first position

Condition
Action

no head, relat = blank in first position 
relat = head in first position

no head, relat ( blank in first position 
relat = head in first position

one head and in first position
no action

one head and not in first position
move the head in first position (reordering)

( 2 heads, one in first position
no action

( 2 heads, none in first position
move the head with lower person number in first position 

Step 2
Running the CANCEIS application 

Only demographic variables plus identification variables household number (hnum) and person number within household (pnum) were taken from the perturbed data set containing individual records having the values of all variables. The records were split into disjoint strata by household size (1 to 11). For each stratum, one data set containing household records (the responses for all the persons belonging to a given household are reported in a single record) was created together with the other required files (Data Dictionary files, Decision Logic Table file, System parameter file) according to the required syntax. The default system parameters were used. They are reported in Appendix A (for their understanding, refer to Darryl Janes, 2001). The 11 strata were processed by CANCEIS independently. 

Step 3
Post-processing of data

After all strata were processed, the eleven corrected data sets (output data sets) were collected all together and used to update the perturbed data set after imputation. The outcome of this step was a data set having the same structure than the perturbed one, that is individual records having the values of all variables (demographic and non-demographic variables). Also the original coding of blank and zero values was restored.

4 SCIA applications

4.1 Edit rules

In WP4.1 and WP5.1 SCIA system has been used to process the non-demographic person variables (cobirth, distwork, hours, ltill, migorgn, qualnum, qualevel, qualsub, residsta, termtim, urvisit, workplce, econprim, isco1, isco2) in the records corrected by CANCEIS system, both demographic and non-demographic person variables in the records not corrected by CANCEIS system and the household variables (bath, cenheat, insidewc, cars, hhsptype, roomsnum, tenure) of SARs data.

From the whole set of edit rules received from the ONS for handling the non-demographic person variables and the household variables, we extracted only those which caused an edit or an imputation action (conflict edit rules). Their number was 128 and are listed in the Appendix B. The first 106 are within person edit rules, that is rules between values belonging to person variables, while the remaining 22 are household edit rules, that is rules between values belonging to household variables.

All edit rules are of the hard type with the exception of the rule no. 126 and 127 that are defined as soft edits rules which ideally will be passed although each case will have to be looked at individually.

As for the CANCEIS application, we discarded the soft edit rules and used only the hard edit rules. The rules 107-124 can be aggregate in the following two edit rules:

· hhsptype(1-7,14) bath(2,3) insidewc(1)

· hhsptype(1-7,14) bath(1) insidewc(2,3)

So, only 110 hard edit rules were used in our SCIA application (that is person edit rules no. 1-106, household edit rules no. 125,128 plus the previous two household edit rules).

Note that, in addition to the defined conflict edit rules, also the SCIA system uses the out-of-domain edit rules (one for each variable) specified in phase of definition of domains. Like the CANCEIS validity edit rules, the SCIA out-of-domain edit rules enable the system to find the invalid data, that is, the missing values or values outside the set of valid responses defined for each variable. 

We implemented three SCIA applications: two for the person variables and one for the household variables.

The person variables were processed using individual records that is, one record for each person. We separated the records corrected by CANCEIS system from the records not corrected by CANCEIS system because there were no donors. 

For the set or records corrected by CANCEIS system we used SCIA system for handling the non-demographic variables. At this aim we used only the non-demographic edit rules and declared as fixed (not imputable) the demographic variables. 

For the set or records not corrected by CANCEIS system we used SCIA for handling the non-demographic and demographic variables. At this aim we used the non-demographic edit rules together with the demographic within person edit rules (rules 0, 1, 9, 10, 11, 12, 13 of Table 1) and removed the fixity for the demographic variables allowing the SCIA system to impute them. 

As regards the household variables, even if their values are repeated for each person belonging to a given household, they were edited and eventually imputed at a household level (that is only once per household) in order to avoid to have values that differ from a person to another (in the same household). 

At this aim the household variables were processed using only one record for each household. The first record in the household, from the file sorted by the identification variables household number (hnum) and person number within household (pnum), was used. At the end of the overall editing and imputation process, the values of the household variables were copied for each person belonging to the household in order to obtain a corrected data set having the same structure than the perturbed one, that is, individual records having the values of all variables. 

The three applications were carried out separately. 

In Sections 4.1.1, 4.1.2 and 4.1.3 the edit rules used in the three applications are reported.

4.1.1 Handling the non-demographic variables in the records corrected by CANCEIS system

We started from the 106 explicit hard person edit rules specified in Section 4.1. From an analysis of the relationships between the variables, carried out on the clean development data set newhhold(area 2)new.csv, we derive 23 additional person edit rules. The additional person edit rules are described in Table 4 (the “<” symbol stands by “all except”):

Table 4. Set of additional person edit rules 
Edit rule

qualnum(0) qualevel<-9)

qualnum<0) qualevel(-9)

qualnum(0) qualsub<-9)

qualnum<0) qualsub(-9)

qualevel<-9) qualsub(-9)

qualevel(-9) qualsub<-9)

Age(0-15) econprim<-9)

Age(16-95) econprim(-9)

Age(0-15) hours<-9)

Age(0-15) workplce<-9)

Age(0-15) distwork<-9)

Age(0-17) qualnum<0)

Age(0-17) qualevel<-9)

Age(0-17) qualsub<-9)

Age(0-15) isco2<-99)

econprim(-9) distwork<-9)

econprim(-9) workplce<-9)

workplce(-9) distwork<-9)

econprim(-9) hours<-9)

econprim(7) termtim(-9)

econprim(1-6,8-10) termtim<-9)

econprim(-9) isco2<-9)

residsta(1,2) urvisit<-9)

We added the 23 additional person edit rules to the 106 explicit hard ones, obtaining an extended version of the edit rules, and ran the control of rules step of the SCIA system. 

The control of rules step of the SCIA system eliminated redundancies, aggregated the rules which could be combined and pointed out the presence of contradictions between pairs of rules. After four repetitions of the control of rules step we obtained a set of 35 consistent and non-redundant Extended person edit rules able to be used by the system to check the non-demographic person variables (together with the out-of-domain edit rules). This set of edit rules is reported in Table 5. 
Table 5. Set of consistent and non-redundant Extended person edit rules used to edit the non-demographic person variables in the records corrected by CANCEIS system

ID number
Edit rule

1
Age(0-15) econprim<-9)

2
termtim(1-4) econprim(1-6,8-10)

3
Age(16) mstatus(4) termtim(-9)

4
Age(0) migorgn(1-13)

5
Age(0) mstatus(2-5) migorgn(-9) termtim(-9) econprim(7,-9)

6
termtim(-9) econprim(7)

7
Age(16) mstatus(4) termtim(1-4) econprim(7,9,-9)

8
Age(16) mstatus(1-3,5) econprim(9)

9
Age(0-2) termtim(1-4) econprim(-9)

10
Age(1-2,4-15,17-91,93,95) mstatus(2-5) termtim(-9) econprim(-9)

11
Age(3,16-91,93,95) mstatus(1) termtim(1-4) econprim(-9)

12
Age(3) mstatus(2-5) econprim(-9)

13
Age(4-15,17-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9)

14
Age(16-91,93,95) econprim(-9)

15
Age(65-91,93,95) Sex(1) econprim(5)

16
Age(63-91,93,95) Sex(2) econprim(5)

17
qualnum(0) qualevel(1-3)

18
qualnum(1-2) qualevel(-9)

19
qualnum(0) qualsub(1-88)

20
qualnum(1-2) qualsub(-9)

21
qualevel(1-3) qualsub(-9)

22
qualevel(-9) qualsub(1-88)

23
Age(0-15) hours(1-71,81)

24
Age(0-15) workplce(1-5)

25
Age(0-15) distwork<-9)

26
Age(0-17) qualnum(1-2)

27
Age(0-17) qualevel(1-3)

28
Age(0-17) qualsub(1-88)

29
Age(0-15) isco2<-9)

30
distwork<-9) econprim(-9)

31
workplce(1-5) econprim(-9)

32
distwork<-9) workplce(-9)

33
hours(1-71,81) econprim(-9)

34
econprim(-9) isco2<-9)

35
residsta(1-2) urvisit(1-13)

For the non-demographic person variables, we arranged two different sets of consistent and non-redundant edit rules: 

· Hard: derived from the set of 106 hard person edit rules received from the ONS.

· Extended: derived from the set of 106 hard person edit rules received from the ONS plus the 23 additional ones (it is the set of edit rules reported in Table 5).

Of course, both the Hard set of edit rules and the Extended set of edit rules used the out-of-domain edit rules (one for each variable) to edit the data.

4.1.2 Handling the demographic and non-demographic variables in the records not corrected by CANCEIS system

In the set of records not corrected by CANCEIS system, we processed the non-demographic variables together with the demographic ones. At this aim, we added the within person edit rules specified for demographic variables reported in Table 1 (rules 0, 1, 9, 10, 11, 12, 13) to the Hard and Extended sets of edit rules defined in Section 4.1.1. 

Regarding the Extended version, after the control of rules step we obtained a set of 39 consistent and non-redundant Extended person edit rules used by the system to check the non-demographic variables together with the demographic variables. This set of edit rules is reported in Table 6 (newpnum is the new person number coming from the Step1 in Section 3.2).

Table 6. Set of consistent and non-redundant Extended person edit rules used to edit non-demographic and demographic variables in the records not corrected by CANCEIS system

ID number
Edit rule

1
Age(0-15) econprim<-9)

2
Age(0-15) mstatus(2-5)

3
termtim(1-4) econprim(1-6,8-10)

4
Age(16) mstatus(4) termtim(-9)

5
Age(0) migorgn(1-13)

6
termtim(-9) econprim(7)

7
Age(16) mstatus(4) termtim(1-4) econprim(7,9,-9)

8
Age(16) mstatus(1-3,5) econprim(9)

9
Age(0,3,16-91,93,95) mstatus(1) termtim(1-4) econprim(-9)

10
Age(1-2) termtim(1-4) econprim(-9)

11
Age(1-2,4-15,17-91,93,95) mstatus(2-5) termtim(-9) econprim(-9)

12
Age(4-15,17-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9)

13
Age(16-91,93,95) econprim(-9)

14
Age(65-91,93,95) Sex(1) econprim(5)

15
Age(63-91,93,95) Sex(2) econprim(5)

16
qualnum(0) qualevel(1-3)

17
qualnum(1-2) qualevel(-9)

18
qualnum(0) qualsub(1-88)

19
qualnum(1-2) qualsub(-9)

20
qualevel(1-3) qualsub(-9)

21
qualevel(-9) qualsub(1-88)

22
Age(0-15) hours(1-71,81)

23
Age(0-15) workplce(1-5)

24
Age(0-15) distwork<-9)

25
Age(0-17) qualnum(1-2)

26
Age(0-17) qualevel(1-3)

27
Age(0-17) qualsub(1-88)

28
Age(0-15) isco2<-9)

29
distwork<-9) econprim(-9)

30
workplce(1-5) econprim(-9)

31
distwork<-9) workplce(-9)

32
hours(1-71,81) econprim(-9)

33
econprim(-9) isco2<-9)

34
residsta(1-2) urvisit(1-13)

35
Age(0-15) relat(0-2,5-6)

36
Age(0-28) relat(7-8)

37
mstatus(1,4-5) relat(1)

38
newpnum(1) relat<0)

39
newpnum(2-11) relat(0)

4.1.3 Handling the household variables

The household edit rules used for the application on household variables are reported in Table 7. 

Table 7. Set of hard household edit rules used to edit household variables

ID number
Edit rules

1
hhsptype(1-7,14) bath(2,3) insidewc(1)

2
hhsptype(1-7,14) bath(1) insidewc(2,3)

3
hhsptype(14) roomsnum(11-15)

4
hhsptype(14) tenure(6-10)

4.2 Implementing the SCIA applications
In the following the main steps of the SCIA applications are described.

Step 1
Pre-processing of data 

Coding of negative values (SCIA does not allow negative values). Note that the “Not applicable” category is always represented by a “-9” value and the Distance to work variable allows also “-1” and “-4” values.

As regard the ISCO occupation code variables, we chose to use only the two digit code variable (ISCO2) because the one digit code variable (ISCO1) is just a version of ISCO2 with collapsed categories. The values for the ISCO1 variable were obtained at the end of the editing and imputation process from the values of the corrected ISCO2 variable.

Step 2
Running the SCIA applications 

In processing the person variables, the input data file contained individual records, that is, one record for each person, having the values of the identification variables household number (hnum) and person number within household (pnum) and all the person variables (demographic and non-demographic ones).

In the application for records corrected by CANCEIS system, maximum fixity was given to the demographic variables (sex, age, marital status and relationship to household head). The first three variables were in fact involved also in some SCIA person edit rules. Setting maximum fixity to some variables means to set constraints in the error localisation phase, that is, in the search of the minimal set of variables to be imputed. A variable with maximum fixity is never in the minimal set. Uncorrect records may arise due to out-of-domain values for variables with maximum fixity or due to the presence of numerous variables with maximum fixity. 

In the application for records not corrected by CANCEIS system, no fixity was given to the demographic variables in order to allow the SCIA system to include them in the minimal set of variables (and, of course, to impute them). 

We processed the non-demographic variables of the perturbed development data set newhhold(area 2)me.csv by both the Hard version and the Extended version of edit rules. For both application we compute some indicators evaluating the error detection performance and the imputation performance (reported in Appendix C). As the indicators of the Extended version shows a slight better performance, we decided to process the non-demographic variables of the perturbed evaluation data sets newhholdme.csv and newhholdm.csv by the Extended version of edit rules.

In the application for the household variables, the input data file contained only one record for each household, having the values of the identification variable household number (hnum) and the household variables.

In all the applications, the Household SAR area variable (areahh) was used as key variable for search  and selection of passed edit records to be included in the pool of possible donors (when a key variable is specified a failed edit record is corrected with a donor having the same value for the key variable).

An analysis of the relationships between variables was performed by computing the Cramer contingency index for each couple of variables in order to look for auxiliary matching variables for the imputation stage. For few couples the index value came out quite high (greater than 0.7), that could have enabled the use of the auxiliary matching variables, but we preferred not use them in order to allow the SCIA system to perform the joint imputation technique instead of the sequential one (whenever a variable bound to an auxiliary matching variable has to be imputed the SCIA system always adopts the sequential imputation technique and the joint imputation technique preserves the joint distribution of the data better than the sequential one). 

Step 3
Post-processing of data

After all three applications were carried out, the output data sets were collected all together and used to obtain the corrected data set with the same structure than the perturbed one, that is, individual records having the values of all variables. At this aim the values of the household variables were copied for each person belonging to the household. The original coding of negative values was restored. The values of the ISCO1 variable were derived from the values of the corrected ISCO2 variable.

5 CANCEIS-SCIA application on the evaluation SARs data set with missing and erroneous values 

In this Section we report some statistics and results on the CANCEIS-SCIA process carried out on the newhholdme.csv data set, that is, the perturbed evaluation SARs data set with both missing and erroneous values. The data set contains the responses of 492472 individuals belonging to 196224 households.

5.1 Statistical reports on the CANCEIS process 

We remind that CANCEIS uses the edit rules for editing and imputation. The input data set containing household records, that is, the responses for all the persons belonging to a given household are reported in a single record. The outcome data set contains all the household records, that is, one line contains all variables of a household whether they have been imputed or not. In CANCEIS application, the localisation of erroneous values is a process that can be derived from the imputation process. It is obtained by comparing each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). We assume that the values localised as erroneous are the ones imputed by the system. 

The CANCEIS system found 117113 failed households on a total of 196224 households (59.7%). 

The failing and passing frequencies of the households during the edit process are reported, by household size, in Table 8. Columns 3-5 report the failing frequencies distinguishing the number of failed households because of validity edit rules only (Invalid only), the number of failed households because of consistency edit rules only (Inconsistent only) and the number of failed households because of both validity and consistency edit rules (Invalid and Inconsistent). Columns 7-8 report the passing frequencies distinguishing the number of households that have only failed at least one donor selection edit rule and therefore cannot be used as donor (Non-Donor) from the number of households that do not fail any edit rules, and therefore, are appropriate as a donor (Donor).

Table 8. Failing and passing frequencies of the households by household size 

Household size
(1)
Failed

(2)
Invalid 
only
(3)
Inconsistent only
(4)
Invalid and Inconsistent
(5)
Passed

(6)
Non-donor

(7)
Donor

(8)

1
15110
(29.8)
14417
533
160
35574
0
35574

2
37139
(56.7)
32597
2545
1997
28305
438
27867

3
23783
(73.0)
19553
1565
2665
8817
154
8663

4
26250
(84.0)
20291
1458
4501
5018
100
4918

5
10302
(90.2)
7493
449
2360
1116
18
1098

6
3313
(93.5)
2280
127
906
230
7
223

7
731
(95.1)
473
16
242
38
1
37

8
295
(96.7)
178
2
115
10
0
10

9
107
(99.1)
55
3
49
1
0
1

10
48
(96.0)
30
0
18
2
0
2

11
35
(100.0)
20
0
15
0
0
0

Total
117113
(59.7)
97387
6698
13028
79111
718
78393

Note that the percentage of failed households is very high (more than 70%) for size 3-10. This means that too few donors are available for many failed records. 

As previously noted, the localisation of erroneous values is a process derived from the imputation process. As CANCEIS is dependent on having a large number of donors that are close to the record being imputed, the scarcity of donors could seriously reduce the accuracy of the imputation procedure and, as a consequence, the accuracy of the localisation procedure (if the imputation process is not accurate, the same is for the localisation process). 

For size 11 the percentage of failing household is 100%. For this household size CANCEIS is not able to provide a corrected outcome file because it cannot find a donor to impute the failed households. So, for household size 11 the accuracy of the CANCEIS localisation process is zero. 

The failing frequencies of the consistency (0-14) and donor selection (15-23) edit rules are reported in Table 9. 

Table 9. Consistency and donor selection edit rules failing frequencies by household size

ID number
Household size
Total


1
2
3
4
5
6
7
8
9
10
11


0
0
232
211
331
137
70
16
7
5
3
3
1015

1
0
692
590
1041
526
196
58
22
12
1
6
3144

2
0
653
378
385
153
59
11
2
1
0
1
1643

3
0
506
333
380
172
49
12
6
3
1
0
1462

4
0
0
3
2
6
1
0
0
0
0
0
12

5
0
803
2012
3387
1799
659
190
101
29
11
5
8996

6
0
199
204
469
306
203
61
45
5
10
8
1510

7
0
0
90
216
116
49
10
3
3
1
3
491

9
693
875
441
437
176
43
10
5
0
0
0
2680

10
0
59
81
167
101
43
15
4
2
0
2
474

11
0
697
540
828
429
155
44
22
11
4
2
2732

12
0
130
249
439
219
86
25
17
3
4
0
1172

13
0
646
469
502
247
79
24
6
2
1
1
1977

14
0
0
93
167
116
37
11
5
3
0
1
433

15
0
7
114
240
109
57
4
5
1
2
0
539

16
0
105
113
109
62
22
7
1
0
0
0
419

17
0
0
2
4
4
2
0
1
0
1
0
14

18
0
0
11
449
429
217
78
29
25
9
10
1257

19
0
0
141
166
143
79
30
22
10
13
0
604

20
0
20
10
10
4
1
0
0
0
0
0
45

21
0
0
0
1
0
0
0
0
0
0
0
1

22
0
1432
572
527
223
69
15
6
2
1
0
2847

23
0
0
4
4
4
4
1
0
0
0
0
17

Total
693
7056
6661
10261
5481
2180
622
309
117
62
42
33484

5.2 Statistical reports on the SCIA processes

In this Section we report the statistics on the SCIA editing process carried out on the perturbed evaluation SARs data set newhholdme.csv by Extended version of edit rules. 

Unlike CANCEIS application, in SCIA application the localisation of erroneous values (identification of the minimal set of variables to be imputed) is a process preceding the imputation one. The values localised as erroneous are then imputed by the system. But unfortunately, the localisation process doesn’t create an output file indicating which are the selected variables. The localisation process is executed jointly to the imputation process and the created output files document only the imputation aspects. Like CANCEIS application, we can obtained the information about the variables deemed erroneous by the system (that is localised as erroneous) by comparing each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). 

5.2.1 Handling the non-demographic variables in the records corrected by CANCEIS system

Households coming from size 1-10 (passed household plus imputed households) were considered corrected according to CANCEIS system (see Table 8 in Section 5.1). These households lead to a total of 492087 individuals.

The SCIA system found 215736 failed records (43.8%). 

The failing frequencies of the edit rules are reported in Table 10. 

Table 10. Edit rules failing frequencies

ID number
Edit rule
Frequency

1
Age(0-15) econprim<-9)
2942

2
termtim(1-4) econprim(1-6,8-10)
344

3
Age(16) mstatus(4) termtim(-9)
25

4
Age(0) migorgn(1-13)
70

7
Age(16) mstatus(4) termtim(1-4) econprim(7,9,-9)
59

8
Age(16) mstatus(1-3,5) econprim(9)
40

9
Age(0-2) termtim(1-4) econprim(-9)
1143

10
Age(1-2,4-15,17-91,93,95) mstatus(2-5) termtim(-9) econprim(-9)
102

11
Age(3,16-91,93,95) mstatus(1) termtim(1-4) econprim(-9)
3079

13
Age(4-15,17-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9)
228

14
Age(16-91,93,95) econprim(-9)
3948

15
Age(65-91,93,95) Sex(1) econprim(5)
22

16
Age(63-91,93,95) Sex(2) econprim(5)
27

17
qualnum(0) qualevel(1-3)
272

19
qualnum(0) qualsub(1-88)
295

20
qualnum(1-2) qualsub(-9)
138

21
qualevel(1-3) qualsub(-9)
126

23
Age(0-15) hours(1-71,81)
1839

24
Age(0-15) workplce(1-5)
1372

25
Age(0-15) distwork<-9)
1370

26
Age(0-17) qualnum(1-2)
222

27
Age(0-17) qualevel(1-3)
216

28
Age(0-17) qualsub(1-88)
231

29
Age(0-15) isco2<-9)
1966

32
distwork<-9) workplce(-9)
6

35
residsta(1-2) urvisit(1-13)
491

out-of-domain
cobirth 
42089

out-of-domain
distwork
16727

out-of-domain
hours
19111

out-of-domain
ltill
56262

out-of-domain
migorgn
3344

out-of-domain
qualnum
31023

out-of-domain
qualevel
6988

out-of-domain
qualsub
4454

out-of-domain
residsta
37637

out-of-domain
termtim
2633

out-of-domain
urvisit
628

out-of-domain
workplce
18161

out-of-domain
econprim
9968

out-of-domain
isco2
19749

Eighty-four failed records were not corrected by SCIA system because it was not able to find a minimal set of variables to impute. This means that no localisation of erroneous values was performed for 84 failed records. They remained uncorrected according to the non-demographic edit rules. This results was due to the fixity constraints on demographic person variables.

5.2.2 Handling the non-demographic and demographic variables in the records not corrected by CANCEIS system

Households coming from size 11 (not imputed failed households) were, of course, considered not corrected by CANCEIS system because there were no donors (see Table 8 in Section 5.1). These households lead to a total of 385 individuals.

The SCIA system found 251failed records (65.2%). 

The failing frequencies of the edit rules are reported in Table 11. 

Table 11. Edit rules failing frequencies 

ID number
Edit rule
Frequency

1
Age(0-15) econprim<-9)
2

2
Age(0-15) mstatus(2-5)
6

9
Age(0,3,16-91,93,95) mstatus(1) termtim(1-4) econprim(-9)
7

12
Age(4-15,17-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9)
5

13
Age(16-91,93,95) econprim(-9)
10

22
Age(0-15) hours(1-71,81)
1

28
Age(0-15) isco2<-9)
1

34
residsta(1-2) urvisit(1-13)
2

35
Age(0-15) relat(0-2,5-6)
5

37
mstatus(1,4-5) relat(1)
1

38
newpnum(1) relat<0)
1

39
newpnum(2-11) relat(0)
3

out-of-domain
Age
24

out-of-domain
cobirth 
30

out-of-domain
distwork
5

out-of-domain
hours
7

out-of-domain
ltill
60

out-of-domain
mstatus
53

out-of-domain
migorgn
2

out-of-domain
qualnum
29

out-of-domain
relat
19

out-of-domain
residsta
33

out-of-domain
Sex 
50

out-of-domain
termtim
3

out-of-domain
urvisit
3

out-of-domain
workplce
6

out-of-domain
econprim
9

out-of-domain
isco2
7

All failed records were corrected by SCIA system.

We remark that some erroneous values can be remained in the set of corrected records because the values were not checked (and, of course, corrected) according to the set of demographic between person edit rules. 

5.2.3 Handling the household variables

The system found 71534 failed household records on a total of 196224 household records (36.5%). 

The failing frequencies of the edit rules is reported in Table 12. 

Table 12. Edit rules failing frequencies 

ID number
Edit rule
Frequency

1
hhsptype(1-7,14) bath(2,3) insidewc(1)
9781

2
hhsptype(1-7,14) bath(1) insidewc(2,3)
3482

out-of-domain
bath
9361

out-of-domain
ceneath
13821

out-of-domain
insidewc
17851

out-of-domain
cars
12085

out-of-domain
hhsptype
14842

out-of-domain
roomsnum
9983

out-of-domain
tenure
12744

All failed records were corrected by SCIA system.

5.3 Statistical reports on the overall CANCEIS-SCIA process

In this section we report some statistics on the overall CANCEIS-SCIA editing and imputation process carried out on the perturbed evaluation SARs data set newhholdme.csv. 

We remind that the CANCEIS application uses only the hard edit rules to identify households that need imputation while the soft edit rules were used as donor selection. As regards SCIA applications, the Extended version is performed, that is, the application for records corrected by CANCEIS uses rules described in Table 5, the application for records not corrected by CANCEIS uses rules described in Table 6 while the application for household variables uses edit rules described in Table 7.

At the end of the overall CANCEIS-SCIA editing and imputation process we collect the output data sets all together in order to obtain the corrected data set with the same structure than the perturbed one, that is, individual records having the values of all variables. Then we compare each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). By this way, we obtain the number of imputed values. In this section we report the frequency distribution of the number of imputed values (number of imputations) distinguishing them per variable, per person (sub-unit) and per household (unit).

We remind that the perturbed data set and, of course, the corrected one, are individual data set where the values for the household variables (bath, cenheat, insidewc, cars, hhsptype, roomsnum, tenure) are repeated at each individual level, that is for each person belonging to the household. This causes an inflation of the number of imputations for the household variables because it is not computed at the household level. 

In Table 13 the frequency distribution of the number of imputed values per variable is reported.

Table 13. Number of imputations per variable 

Variable
Frequency
Percent

bath
45820
9.30

cenheat
44757
9.09

insidewc
41489
8.42

Number of cars
37517
7.62

hhsptype
36625
7.44

roomsnum
32034
6.50

tenure
23632
4.80

Age
53070
10.78

cobirth
42115
8.55

distwork
18157
3.69

hours
20955
4.26

ltill
56312
11.43

mstatus
64037
13.00

migorgn
3416
0.69

qualnum
31561
6.41

qualevel
7221
1.47

qualsub
4836
0.98

relat
45153
9.17

residsta
37903
7.70

Sex
60948
12.38

termtim
4497
0.91

urvisit
882
0.18

workplce
19540
3.97

econprim
17095
3.47

isco1
21720
4.41

isco2
21720
4.41

In Table 14 the frequency distribution of the number of imputed values per person is reported. 

Table 14. Number of imputations per person 

Number 
Frequency
Percent

0
109793
22.29

1
157025
31.89

2
116377
23.63

3
63388
12.87

4
28106
5.71

5
11147
2.26

6
3798
0.77

7
1578
0.32

8
695
0.14

9
308
0.06

10
142
0.01

11
73
0.01

12
28
0.01

13
12
0.00

14
1
0.00

15
1
0.00

In Table 15 the frequency distribution of the number of imputed values per household is reported. 

Table 15. Number of imputations per household 

Number 
Frequency
Percent

0
18039
9.19

1
31010
15.80

2
32266
16.44

3
27850
14.19

4
21792
11.11

5
16560
8.44

6
12273
6.25

7
9046
4.61

8
6776
3.45

9
4995
2.55

10
3738
1.90

11
2793
1.42

12
2170
1.11

13
1616
0.82

14
1177
0.60

15
923
0.47

16
719
0.37

17
593
0.30

18
424
0.22

19
302
0.15

20
243
0.12

21
213
0.11

22
155
0.08

23
120
0.06

24
99
0.05

25
69
0.04

26
51
0.03

27
49
0.02

28
32
0.02

29
35
0.02

30
23
0.01

31
15
0.01

32
12
0.01

33
9
0.00

34
6
0.00

35
8
0.00

36
5
0.00

37
2
0.00

38
3
0.00

39
4
0.00

41
3
0.00

43
1
0.00

44
3
0.00

45
1
0.00

49
1
0.00

5.4 Imputation plausibility after the overall CANCEIS-SCIA process

At the end of the overall CANCEIS–SCIA process we checked the plausibility of the imputed values according to the hard edit rules received from ONS. 

We realised that twenty households still failed at least one hard demographic edit rule. Because one household had size 9, one household had size 10 and eighteen households had size 11, we realised that i) two households were imputed by CANCEIS without solve all the inconsistencies and ii) the demographic within person edit rules used in SCIA application were able to solve the demographic inconsistencies in 17 out of 35 households (48.6%). 

As regards the plausibility according to the other hard edit rules received from ONS, as mentioned in Section 5.2.1, eighty-four individuals still failed at least one hard non-demographic edit rule. 

5.5 Results

The quality indicators corresponding to the application of the overall CANCEIS-SCIA editing and imputation process on the perturbed evaluation SARs data set with both missing and erroneous values (newhholdme.csv) are reported in the following Tables. The indicators, provided by ONS, were obtained applying the EES (Euredit Evaluation System) to the original, perturbed and imputed data sets.

CANCEIS-SCIA Editing evaluation statistics for SARs data with missing and errors 


alpha
beta
delta
RAE
RRASE
RER
Dcat
tj
AREm1
AREm2

Household

variables











bath
0,729789
0,006745
0,054233



0,047931




cenheat
1
0
0,036383



0,036383




insidewc
0,86716
0,018459
0,058699



0,041115




cars
0
0
0



0




hhsptype
0,932023
0,023242
0,04639



0,023739




rommsnum
1
0
0,050849



0,050849




tenure
0
0
0



0
















Person variables











sex
0,078518
0,000275
0,005354



0,005097




age
0,593281
0,004183
0,045277
0,005877
0,000202
4,833333

29,72514
0,009784
0,019035

mstatus
0,243563
0,000255
0,011676



0,011433




relat
0,435005
0,000821
0,028296



0,027527
















cobirth
0,87922
0
0,065785



0,065781




distwork
0,236367
0,00288
0,00584



0,002996




hours
0,758638
0,003813
0,022258
-0,00748
0,000319
3,291667

-24,1888
0,062283
0,033708

ltill
0,110039
0
0,006066



0,006059




migorgn
0,997795
0,000128
0,007528



0,007401




qualnum
0,112766
0,000499
0,001182



0,000686




qualevel
0,22837
0,000473
0,002193



0,001724




qualsub
0,928611
0,000741
0,007582



0,006847




residsta
0,991744
0
0,063654



0,063654




termtim
0,980226
0,003601
0,015599



0,012043




urvisit
0,734513
0,000498
0,001173



0,000675




workplce
0,436969
0,002856
0,012649



0,009857




econprim
0,951116
0,014451
0,022711



0,008388




isco2
0,991552
0,004124
0,012037



0,007946




isco1
0,991552
0,004124
0,012037



0,007946




CANCEIS-SCIA Imputation evaluation statistics for SARs data with missing and errors 


W
D
Eps

Household

variables




bath
10141,0773
0,2931
0,284088

cenheat
170,27456
0,422817
0,415634

insidewc
1684,874474
0,056575
0,045444

cars
575,0621
0,616201
0,609804

hhsptype
2812,200217
0,722506
0,715874

rommsnum
6986,044247
0,837298
0,832791

tenure
2051,171363
0,689023
0,681768


W
D
Eps
Slope
t-val
mse
R^2
dL1
dL2
dLinf
K-S
K-S_1
K-S_2
m_1
m_2
MSE

Person

variables

















sex
0,198118
0,242028
0,232496














age



0,988133
-26,0161
80,69393
0,850271
4,945056
9,035773
88
0,007548
0,002883
0,000012
0,23508
21,93623
2,914261

mstatus
25,55605
0,182838
0














relat
1041,02
0,109515
0,098276
































cobirth
1417,792
0,262918
0,254111














distwork
1618,158
0,820293
0,812599














hours



0,855452
-38,0972
686,9164
0,012815
19,12274
26,7929
90
0,254091
0,127277
0,028629
11,44394
343,56
0,767129

ltill
912,5476
0,138738
0,128644














migorgn
2904,12
0,924985
0,915515














qualnum
45,60321
0,049672
0,038189














qualevel
72,09892
0,550518
0,529697














qualsub
364,4944
0,93673
0,928986














residsta
1507,636
0,115873
0,106182














termtim
323,4251
0,185508
0,150352














urvisit
481,673
0,980658
0,968424














workplce
479,1313
0,267648
0,252087














econprim
1270,422
0,464114
0,449455














isco2
3150,996
0,9024
0,897954














isco1
2991,804
0,798471
0,792083














The editing indicators were computed excluding cases whose perturbed value was missing.

No value of the cenheat and roomsnumber household variables were considered as erroneous (for these variables the SCIA system carried out imputations only on the missing values). Because they have been perturbed, this result implies that the system always failed in detecting the errors, providing alpha’s equal to one, but did never consider as erroneous a true value (did not introduce errors in true data) providing beta’s equal to zero. This was because no consistency edit rules implying the previous mentioned variables were failed by the records, as you can read from Table 12. At this regard, we remark that only four hard consistency edit rules were defined for household variables (see Table7).

No value of the cars and tenure variables were considered as erroneous (also for these variables the SCIA system carried out imputations only on the missing values). But, their alpha=beta=delta=0 say that these two variables have never been perturbed with values different from the missing one. In these cases the error detection performance cannot be evaluated (the combination of alpha=beta=0 does not mean that the system has an excellent error detection performance).

For bath, insidewc and hhsptype household variables and all the person variables, the system carried out some imputations besides the ones due to missing values. The number of imputed non missing values are reported in the fourth column of the following Table.

Evaluation file with missing and erroneous values – Number of missing, non missing not imputed and non missing imputed values

Variable 
Missing
Non missing



Not imputed
Imputed

bath
34814
446652
11006

insidewc
30455
450983
11034

hhsptype
25233
455847
11392

age
38421
439402
14649

cobirth
38010
450355
4107

distwork
12147
474310
6015

hours
16378
471515
4579

ltill
33819
436153
22500

mstatus
48152
428435
15885

migorgn
3346
489056
70

qualnum
28833
460907
2732

qualevel
4147
485251
3074

qualsub
4220
487636
616

relat
28197
447319
16956

residsta
37670
454561
241

sex
33368
431524
27580

termtim
2636
487975
1861

urvisit
518
491589
365

workplce
12099
472931
7442

econprim
9977
475376
7119

isco2
19756
470750
1966

The alpha’s range from 0.079 (sex) to 0.998 (migorgn) pointing that the proportion of undetected errors greatly varies per variable. The beta’s range from 0 (cobirth, ltill and residsta) to 0.023 (hhsptype) pointing that the proportion of true values localised as erroneous is generally low. At this regard we remind that the proportion of introduced errors is quite low and that while alpha’s are computed on the number of errors, the beta’s are computed on the number of non perturbed values.

The imputation indicators were computed on the subset of missing values imputed by the system. This was stated in order to allow the comparison of the imputation performance between systems performing only imputation (on missing values) and systems performing both editing and imputation (on missing values and also on values deemed suspicious). 

For categorical variables the failing in preservation of the true values (predictive accuracy) is evaluated by the D statistic. A good imputation procedure should achieve small values for D.

The D’s show a large variability ranging from 0.050 (qualnum) to 0.981(urvisit). 

As regards the two continuous variable (age and hours), all statistics evaluating their predictive accuracy show a better performance for age. 

As regards the distributional accuracy for categorical variables, we cannot compare the W’s values belonging to different variables because that statistic depends on the number of categories. For continuous variables, the low value (0.008) of KS statistic for age shows that the distribution is preserved reasonably well. Differently, the preservation of the distributional accuracy of the hours variable is not as good (KS=0.254). Similar results are observed for the preservation of the estimated mean and variance. 

We remark that the handling of the household variables was carried out using household records, and only after the imputation process the value was copied for each person in the household (as reported in Section 4.1). We have some doubts about the methodological correctness of the evaluation based on the individual records, because the size of the household can weight in a variable manner on the editing and imputation performance of the applied technique.

6 CANCEIS-SCIA application on the evaluation SARs data set with only missing values 

In this Section we report some statistics and results on the CANCEIS-SCIA process carried out on the newhholdm.csv data set, that is the perturbed evaluation SARs data set with only missing values. The data set contains the responses of 492472 individuals belonging to 196224 households.

6.1 Statistical reports on the CANCEIS process 

We remind that Hard edits rules were used to identify households that need imputation while soft edit rules were used as “donor selection” edit rules in order to place additional restrictions on the imputation actions. Therefore, the coherence with hard and soft edit rules is guaranteed for imputed records but it is not guaranteed for passed households.
The CANCEIS system found 95267 failed households on a total of 196224 households (48.6%). 

The failing and passing frequencies of the households during the edit process are reported, by household size, in Table 16. Columns 3-5 report the failing frequencies distinguishing the number of failed households because of validity edit rules only (Invalid only), the number of failed households because of consistency edit rules only (Inconsistent only) and the number of failed households because of both validity and consistency edit rules (Invalid and Inconsistent). Columns 7-8 report the passing frequencies distinguishing the number of households that have only failed at least one donor selection edit rule and therefore cannot be used as donor (Non-Donor) from the number of households that do not fail any edit rules, and therefore, are appropriate as a donor (Donor).

Table 16. Failing and passing frequencies of the households by household size 

Household size 
(1)
Failed 

(2)
Invalid only
(3)
Inconsistent only
(4)
Invalid and Inconsistent (5)
Passed

(6)
Non-donor

(7)
Donor

(8)

1
11429
(22,5)
11429
0
0
39255
0
39255

2
29152
(44,5)
29148
0
4
36292
19
36273

3
19292
(59,2)
19289
0
3
13308
8
13300

4
22184
(70,9)
22183
0
1
9084
4
9080

5
9024
(79,0)
9024
0
0
2394
3
2391

6
3037
(85,7)
3037
0
0
506
0
506

7
680
(88,4)
680
0
0
89
1
88

8
285
(93,4)
285
0
0
20
0
20

9
100
(92,6)
100
0
0
8
0
8

10
49
(98,0)
49
0
0
1
0
1

11
35
(100,0)
35
0
0
0
0
0

Total
95267
(48,6)
95259
0
8
100957
35
100922

Note that the percentage of failed households is very high (more than 70%) for size 4-10. This means that too few donors are available for many failed records. 

As CANCEIS is dependent on having a large number of donors that are close to the record being imputed, the scarcity of donors could seriously reduce the accuracy of the imputation procedure. 

For size 11 the percentage of failing household is 100%. For this household size CANCEIS is not able to provide a corrected outcome file because it cannot find a donor to impute the failed households. So, for household size 11 the accuracy of the CANCEIS imputation process is zero. 

REMARK: The perturbed evaluation SARs data set newhholdm.csv should contain only missing, so we were expected columns 4 and 5 having only 0 frequencies. The reported frequencies for Invalid and Inconsistent show that few households (8) failed some consistency edit rules, in other words, 8 households contain also some erroneous values inside the set of valid responses defined in the dictionary. This implies that, for 8 households, the CANCEIS system imputes some values deemed erroneous because of the failing of the consistency edit rules.

The failing frequencies of the consistency (0-14) and donor selection (15-23) edit rules are reported in Table 17. 

Table 17. Consistency and donor selection edit rules failing frequencies by household size

Identification number 
Household size
Total


1
2
3
4
5
6
7
8
9
10
11


5
0
0
2
0
0
0
0
0
0
0
0
2

9
0
4
3
1
0
0
0
0
0
0
0
8

15
0
1
4
4
3
0
6
0
0
0
0
18

16
0
7
1
4
7
1
3
0
0
0
0
23

20
0
1
1
0
0
0
0
1
0
0
0
3

21
0
0
1
0
0
0
0
0
0
0
0
1

22
0
15
7
3
2
1
2
0
0
0
0
30

Total
0
28
19
12
12
2
11
1
0
0
0
85

6.2 Statistical reports on the SCIA processes

In this Section we report the statistics on the SCIA editing and imputation processes carried out on the perturbed evaluation SARs data set newhholdm.csv by Extended version of edit rules. We remind that only the coherence with hard edit rules is guaranteed for imputed records, while nothing can be stated about the coherence with soft edit rules.

6.2.1 Handling the non-demographic person variables in the records corrected by CANCEIS system

Households coming from size 1-10 (passed household plus imputed households) were considered corrected according to CANCEIS system (see Table 13 in Section 6.1). These households lead to a total of 492087 individuals.

The SCIA system found 192103 failed records (39.0%). 

The failing frequencies of the edit rules are reported in Table 18. 

Table 18. Edit rules failing frequencies 

ID number
Edit rule
Frequency

1
Age(0-15) econprim<-9)
1284

3
Age(16) mstatus(4) termtim(-9)
2

4
Age(0) migorgn(1-13)
55

8
Age(16) mstatus(1-3,5) econprim(9)
2

9
Age(0-2) termtim(1-4) econprim(-9)
503

10
Age(1-2,4-15,17-91,93,95) mstatus(2-5) termtim(-9) econprim(-9)
5

11
Age(3,16-91,93,95) mstatus(1) termtim(1-4) econprim(-9)
1353

13
Age(4-15,17-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9)
4

14
Age(16-91,93,95) econprim(-9)
1292

20
qualnum(1-2) qualsub(-9)
138

21
qualevel(1-3) qualsub(-9)
139

23
Age(0-15) hours(1-71,81)
734

24
Age(0-15) workplce(1-5)
539

25
Age(0-15) distwork<-9)
530

26
Age(0-17) qualnum(1-2)
64

27
Age(0-17) qualevel(1-3)
61

28
Age(0-17) qualsub(1-88)
63

29
Age(0-15) isco2<-9)
751

32
distwork<-9) workplce(-9)
7

out-of-domain
cobirth 
39428

out-of-domain
distwork
12098

out-of-domain
hours
16634

out-of-domain
ltill
34480

out-of-domain
migorgn
3617

out-of-domain
qualnum
29552

out-of-domain
qualevel
3160

out-of-domain
qualsub
3172

out-of-domain
residsta
39320

out-of-domain
termtim
2491

out-of-domain
urvisit
780

out-of-domain
workplce
12316

out-of-domain
econprim
12790

out-of-domain
isco2
26076

REMARK: The perturbed evaluation SARs data set newhholdm.csv should contain only missing, so we were expected zero frequencies for the conflict edit rules and non-zero frequencies only for the out-of-domain edit rules. The reported failing frequencies of the conflict rules show that individual records failed also conflict edit rules, in other words, the individual records contained some combinations of values which failed some defined edit rules. This implied that SCIA system imputed some values deemed erroneous because of the failing of the conflict edit rules.

The out-of-domain was always due to the “missingness”. 

Three failed records were not corrected by SCIA system because it was not able to find a minimal set of variables to impute. This means that no imputation was performed for three failed records. They remained uncorrected according to the non-demographic edit rules. This results was due to the fixity constraints on demographic variables.

As regards failed records corrected by SCIA, 128175 records were imputed by the restricted joint imputation, 63167 records were imputed by the relaxed joint imputation, and 758 records were imputed by the sequential imputation. The imputation frequencies per variables are reported in Table 19.

Table 19. Imputation frequencies 

Variable
Frequency

Cobirth
39427

Distwork
12633

Hours
17368

Ltill
34480

Migorgn
3672

Qualnum
29620

Qualevel
3225

Qualsub
3373

Residsta
39320

Termtim
3249

Urvisit
780

Workplce
12857

Econprim
15367

isco2
26826

6.2.2 Handling the demographic and non-demographic person variables in the records not corrected by CANCEIS system

Households coming from size 11 (not imputed failed households) were, of course, considered not corrected by CANCEIS system because there were no donors (see Table 13 in Section 6.1). These households lead to a total of 385 individuals.

The SCIA system found 210 failed records (54.5%). 

The failing frequencies of the edit rules are reported in Table 20. 

Table 20. Edit rules failing frequencies 

ID number
Edit rule
Frequency

out-of-domain
Age
28

out-of-domain
cobirth 
40

out-of-domain
distwork
5

out-of-domain
hours
4

out-of-domain
ltill
31

out-of-domain
mstatus
60

out-of-domain
migorgn
2

out-of-domain
qualnum
26

out-of-domain
qualevel
1

out-of-domain
relat
18

out-of-domain
residsta
28

out-of-domain
Sex 
23

out-of-domain
termtim
3

out-of-domain
urvisit
3

out-of-domain
workplce
3

out-of-domain
econprim
11

out-of-domain
isco2
10

Records fail only the out-of-domain edit rules. 

The out-of-domain was always due to the “missingness”. 

All failed records were corrected by the system.

The system imputed 86 records by the restricted joint imputation, 112 records by the relaxed joint imputation, and 12 records by the sequential imputation. Inside the records imputed by sequential method, two variables were imputed by forced type. 

For each variable the imputation frequency (not reported) is equal to the failing frequency of the corresponding out-of-domain edit rule. 
We remark that some erroneous values can be remained in the set of corrected records because the values were not checked (and, of course, corrected) according to the set of demographic between person edit rules. 

6.2.3 Handling the household variables

The system found 68763 failed household records on a total of 196224 household records (35.0%). 

The failing frequencies of the edit rules are reported in Table 21. 

Table 21. Edit rules failing frequencies 

ID number
Edit rule
Frequency

out-of-domain
bath
14848

out-of-domain
ceneath
16394

out-of-domain
insidewc
11391

out-of-domain
cars
15211

out-of-domain
hhsptype
11621

out-of-domain
roomsnum
13320

out-of-domain
tenure
10324

Records fail only the out-of-domain edit rules. 

The out-of-domain was always due to the “missingness”. 

All failed records were corrected by the system.

The system imputed 68754 records by the restricted joint imputation and 9 record by the relaxed joint imputation.

For each variable the imputation frequency (not reported) is equal to the failing frequency of the corresponding out-of-domain edit rule. 

6.3 Statistical reports on the overall CANCEIS-SCIA process

In this section we report some statistics on the overall CANCEIS-SCIA editing and imputation process carried out on the perturbed evaluation SARs data set newhholdm.csv. 

We remind that the CANCEIS application uses only the hard edit rules to identify households that need imputation while the soft edit rules were used as donor selection. As regards SCIA applications, the Extended version is performed, that is, the application for records corrected by CANCEIS uses rules described in Table 5, the application for records not corrected by CANCEIS uses rules described in Table 6 while the application for household variables uses edit rules described in Table 7.

At the end of the overall CANCEIS-SCIA editing and imputation process we collect the output data sets all together in order to obtain the corrected data set with the same structure than the perturbed one, that is, individual records having the values of all variables. Then we compare each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). By this way, we obtain the number of imputed values. In this section we report the frequency distribution of the number of imputed values (number of imputations) distinguishing them per variable, per person (sub-unit) and per household (unit).

We remind that the perturbed data set and, of course, the corrected one, are individual data set where the values for the household variables (bath, cenheat, insidewc, cars, hhsptype, roomsnum, tenure) are repeated at each individual level, that is for each person belonging to the household. This causes an inflation of the number of imputations for the household variables because it is not computed at the household level. 

In Table 22 the frequency distribution of the number of imputed values per variable is reported.

Table 22. Number of imputations per variable 

Variable
Frequency
Percent

bath
37310
7.58

cenheat
41139
8.35

insidewc
28675
5.82

Number of cars
38234
7.76

hhsptype
29045
5.90

roomsnum
33516
6.81

tenure
25821
5.24

Age
39208
7.96

cobirth
39467
8.01

distwork
12638
2.57

hours
17372
3.53

ltill
34511
7.01

mstatus
49417
10.03

migorgn
3674
0.75

qualnum
29646
6.02

qualevel
3226
0.66

qualsub
3373
0.68

relat
29869
6.07

residsta
39348
7.99

Sex
34591
7.02

termtim
3252
0.66

urvisit
783
0.16

workplce
12860
2.61

econprim
15378
3.12

isco1
26836
5.45

isco2
26836
5.45

In Table 23 the frequency distribution of the number of imputed values per person is reported. 

Table 23. Number of imputations per person 

Number 
Frequency
Percent

0
141983
28.83

1
165027
33.51

2
107203
21.77

3
50087
10.17

4
19191
3.90

5
6210
1.26

6
1697
0.34

7
582
0.12

8
290
0.06

9
110
0.02

10
66
0.01

11
21
0.00

12
5
0.00

In Table 24 the frequency distribution of the number of imputed values per household is reported. 

Table 24. Number of imputations per household 

Number 
Frequency
Percent

0
25812
13.15

1
37157
18.95

2
34955
17.81

3
27404
13.97

4
20024
10.20

5
14423
7.35

6
10334
5.27

7
7258
3.70

8
5174
2.64

9
3672
1.87

10
2636
1.34

11
2060
1.05

12
1412
0.72

13
1035
0.53

14
743
0.38

15
570
0.29

16
384
0.20

17
340
0.17

18
220
0.11

19
159
0.08

20
117
0.06

21
79
0.04

22
67
0.03

23
35
0.02

24
22
0.01

25
31
0.02

26
23
0.01

27
19
0.01

28
10
0.01

29
6
0.00

30
3
0.00

31
6
0.00

32
4
0.00

33
3
0.00

34
2
0.00

35
2
0.00

36
1
0.00

37
1
0.00

39
1
0.00

43
1
0.00

49
1
0.00

6.4 Imputation plausibility after the overall CANCEIS-SCIA process

At the end of the overall CANCEIS–SCIA process we checked the plausibility of the imputed values according to the hard edit rules received from ONS. 

We realised that four households still failed at least one hard demographic edit rule. Because the four households had size 11, we realised that the demographic within person edit rules used in SCIA application were able to solve the demographic inconsistencies in 31 out of 35 households (88.6%). 

As regards the plausibility according to the other hard edit rules received from ONS, as mentioned in Section 6.2.1, three individuals still failed at least one hard non-demographic edit rule. 

6.5 Results

The quality indicators corresponding to the application of the overall CANCEIS-SCIA editing and imputation process on the perturbed evaluation SARs data set with only missing values (newhholdm.csv) are reported in the following Table. The indicators, provided by ONS, are obtained applying the EES (Euredit Evaluation System) to the original, perturbed and imputed data sets.

CANCEIS-SCIA Imputation evaluation statistics for SARs data with only missing 


W
D
Eps

Household variables




bath
20,25
0,000643
0

cenheat
212,08154
0,466005
0,4588

insidewc
20,636364
0,001011
0

cars
1545,877483
0,607836
0,601431

hhsptype
5268,292149
0,718988
0,712767

rommsnum
5532,745178
0,794844
0,789896

tenure
4649,22838
0,666822
0,659637


W
D
Eps
Slope
t-val
mse
R^2
dL1
dL2
dLinf
K-S
K-S_1
K-S_2
m_1
m_2
MSE

Person variables

















sex
0,408731
0,2298
0,220362














age



0,996429
-9,90375
39,00371
0,926073
3,666879
6,249487
79
0,00607
0,002399
0,000009
0,171317
17,29991
0,001307

mstatus
40,31782
0,160208
0














relat
42,17677
0,051492
0,040221
































cobirth
697,5672
0,211088
0,202146














distwork
1724,266
0,818563
0,810985














hours



0,869167
-45,6678
571,9325
0,007083
16,67569
24,52553
90
0,201359
0,087627
0,013853
7,888211
213,7541
0,07865

ltill
1577,418
0,136304
0,126299














migorgn
2512,137
0,802123
0,787445














qualnum
285,8784
0,048877
0,037548














qualevel
121,4797
0,523869
0,499571














qualsub
579,329
0,943967
0,935815














residsta
423,1139
0,075887
0,066195














termtim
1363,366
0,449877
0,423864














urvisit
571,7733
0,942529
0,925394














workplce
939,1463
0,251322
0,236062














econprim
1465,33
0,492717
0,48123














isco2
3662,964
0,898569
0,894681














isco1
3265,569
0,805075
0,799685














For the data set with only missing values (newhholdm) we only have the imputation indicators because no error was introduced into the data and the evaluation has to be focused on the subset of missing values imputed by the system (see Section 5.5).

The imputation indicators were computed on the set of cases where imputations were carried out irrespective of whether the perturbed values was missing or not missing.

In our application, for some person variables, the process carried out also some imputations besides the ones due to missing values because the records contained combinations of values deemed erroneous according to the set of used edits rules. In other words, both the original and the perturbed data set, contained some combinations of values which caused the failing of some edit rules. The number of imputed non missing values are reported in the fourth column of the following Table.

Evaluation file with only missing values – Number of missing, non missing not imputed and non missing imputed values

Variable 
Missing
Non missing 



Not imputed
Imputed

age
39150
453264
58

cobirth
39468
453004
0

distwork
12103
479834
535

hours
16638
475100
734

ltill
34511
457961
0

mstatus
49409
443055
8

migorgn
3619
488798
55

qualnum
29578
462826
68

qualevel
3161
489246
65

qualsub
3172
489099
201

relat
29829
462603
40

residsta
39348
453124
0

sex
34586
457881
5

termtim
2494
489220
758

urvisit
783
491689
0

workplce
12319
479612
541

econprim
12801
477093
2578

isco2
26086
465635
751

For categorical variables the failing in preservation of the true values (predictive accuracy) is evaluated by the D statistic. The D’s show a large variability ranging from 0.001 (bath) to 0.944 (qualsub). As regards the two continuous variable (age and hours), also for this data set, all statistics evaluating their predictive accuracy show a better performance for age. 

As already observed, we cannot compare the W’s values evaluating the distributional accuracy for categorical variables. For continuous variables, the low value (0.006) of KS statistic for age shows that the distribution is preserved reasonably well. Differently, the preservation of the distributional accuracy of the hours variable is not as good (KS=0.201). Similar results are observed for the preservation of the estimated mean and variance. 

Conclusions

The CANCEIS-SCIA method is based on the combination of the Nearest-neighbour Imputation Methodology (CANCEIS) and the Fellegi-Holt Methodology (SCIA). Both methods minimise the number of changes and are rule based (they result in imputations that satisfy the used edit rules). The strengths of this method are therefore the conservation of the amount of collected information and the availability of imputed values satisfying the defined constraints. In particular, we stress the capability of CANCEIS in using the constraints defined between different persons within the household (between person edit rules) whose satisfying is the most critical problem in household surveys. 

The specification of the edit rules is a critical part of the whole editing and imputation process as the quality of the results highly depends on the quality of the rules. The specification of the edit rules takes, generally, more time than the automatic editing and imputation.

On the other hand, the lack of edit rules causes the failure of a rule based editing and imputation process. This happened to some household variables and to the non-demographic person variables, for which few rules have been specified.

However, even a plenty of edit rules could be not effective in recognising erroneous values, that is values that are different from the original values, if the perturbations introduced did not activate the edit rules. Otherwise, a plenty of edit rules could be useful in the imputation of missing values because they restrict the set of admissible values to those passing the edits. So, for the experimental SARs application, we expect this method to have a better imputation performance, in comparison with non rule based methods, for those variables involved in a fair number of edit rules, that is the demographic ones.

CANCEIS implements a data driven approach, consequently its performance depends on having a large number of donors that are close to the record being imputed. The system is designed to identify donors for the entire household, not for the individual. This implies to process data by household size that is by groups of households having the same number of sub-units. A low frequency of the donor households can seriously reduce the accuracy of the imputation procedure and, as a consequence, the accuracy of the localisation procedure. SARs data were split into eleven disjoint groups by household size (household size ranges from 1 to 11) and for some groups the frequency of the donor households was very low (see Table 8). Moreover, as marginal case, for size 11 there was no donor at all to impute the failed households so, the demographic variables remained not corrected according to the demographic edit rules. 

CANCEIS system needs that the household head is located in first position. In fact, to ensure that the best donor households are selected, the failed edit household persons are reordered in various ways to see which one results in the smallest distance to a particular passed edit household. As Census data are collected by determining the relationship between the household head and all other persons, the first person is fixed to keep the relationship valid, while all other persons are permutable. A drawback of the CANCEIS method is therefore the pre-processing of data required to check and, if necessary, to place the household head in first position. In this context, for the experimental SARs application, some deterministic ordering rules were applied. These ordering rules were drawn from the comparison between the ordering in the perturbed development data set and the ordering in the associated clean development data set.

A weakness of our strategy could be the division of the variables into subsets that are handled in separate editing and imputation steps. We treat at first the demographic variables and then the non-demographic variables conditionally on the demographic ones. In this manner the inconsistencies between the values of the non-demographic variables and the values of the demographic variables are taken into account only in the second step and are removed only by modifying the values of the non-demographic variables. We are obliged to choose this sub-optimal solution even if we are aware of its possible drawbacks.

As already stated in Section 5.5, we think that the comparative evaluation of the performances on household variables based on the individual records could not be methodological correct because the size of the household could affect the results. In fact if a system well imputes a value of a household variable belonging to a household of seven individuals, the success has “weight” equal to 7, while a similar success for a household of two individuals has “weight” equal to 2.

Finally, as concerns the plausibility of the imputed values according to the hard edit rules, we remind that the inconsistency remained in the imputed data sets were due to the lack of donors in the CANCEIS application and to the setting of fixity constraints on the demographic variables in the SCIA application for the records corrected by CANCEIS system.
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Appendix A

System parameters values used in CANCEIS application

EDITING

Use of DLT:


1

Full edit:


1

STAGE CONTROL

nb of 1st stage donors:

2000

nb of stage donors mult:
2.0

donor search id:

1

ordering method:

3

nb max of couples:

20

donor reuse freq:

200

Dfp max 1st stage:

250.0

Dfpa max 1st stage:

100.0

nb max of stages:

5

Dfpa improv ratio:

0.10

DISTANCE CALCULATIONS

Dfpa fct id:


1

Dfpa fct param:


0.9

NMCIA LIST

nb max of nmcias:

5

Dfpa max fct id:

1

Dfpa max fct param:

1.1

nmcia sel method id:

1

nmcia sel method param:

1.0

Distance functions used in CANCEIS application

For Relationship to household head, Sex, and Marital Status variables:
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where Rfi is the Ith response of the failed record, and Rdi is the Ith response of the donor record.

For Age variable:

If (Rfi < k4 and Rdi > k4) then DI = k5 (where 0 < k5 < 1).

Else if (Rdi < k4 and Rfi > k4), then DI=k6 (where 0 < k6 < 1). 

Otherwise
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Where Rfi is the Ith variable of failed record and Rdi is the Ith variable of the donor record.

Also, 
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where r=0.25; k1=6; k2=2; k3=30; k4=15; k5=1; k6=1.

Appendix B

Explicit person and household edit rules for the editing of non-demographic variables

In the following the conflict edit rules received from the ONS to edit non-demographic variables are reported. 

Rules 1-106 are within person edit rules, that is rules between values belonging to person variables, while rules 107-128 are household edit rules, that is rules between values belonging to household variables.

The “<” symbol stands by “all except”.
1. Age(0) mstatus(1) termtim(1-4) econprim<7,9,-9) migorgn(1-13)

2. Age(0) mstatus(1) termtim(1-4) econprim<7,9,-9) migorgn(-9)

3. Age(0) mstatus(1) termtim(-9) econprim<7,9,-9) migorgn(1-13)

4. Age(0) mstatus(1) termtim(-9) econprim<7,9,-9) migorgn(-9)

5. Age(0) mstatus(2-5) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

6. Age(0) mstatus(2-5) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

7. Age(1,2) mstatus(1) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

8. Age(1,2) mstatus(1) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

9. Age(1,2) mstatus(2-5) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

10. Age(1,2) mstatus(2-5) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

11. Age(3) mstatus(1) econprim<7,9,-9) migorgn(1-13,-9)

12. Age(3) mstatus(2-5) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

13. Age(3) mstatus(2-5) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

14. Age(4-15) mstatus(1) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

15. Age(4-15) mstatus(1) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

16. Age(4-15) mstatus(2-5) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

17. Age(4-15) mstatus(2-5) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

18. Age(16) mstatus<4) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

19. Age(16) mstatus(4) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

20. Age(16) mstatus(4) termtim(-9) econprim<7,9,-9) migorgn(1-13,-9)

21. Age(17-54) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

22. Age(55-91,93,95) termtim(1-4) econprim<7,9,-9) migorgn(1-13,-9)

23. Age(0) mstatus(1) termtim(1-4) econprim(7) migorgn(-9)

24. Age(0) mstatus(1) termtim(-9) econprim(7) migorgn(1-13)

25. Age(0) mstatus(1) termtim(-9) econprim(7) migorgn(-9)

26. Age(0) mstatus(2-5) termtim(1-4) econprim(7) migorgn(1-13,-9)

27. Age(0) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13)

28. Age(0) mstatus(2-5) termtim(-9) econprim(7) migorgn(-9)

29. Age(1,2) mstatus(1) termtim(1-4) econprim(7) migorgn(1-13,-9)

30. Age(1,2) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

31. Age(1,2) mstatus(2-5) termtim(1-4) econprim(7) migorgn(1-13,-9)

32. Age(1,2) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13,-9)

33. Age(3) mstatus(1) termtim(1-4) econprim(7) migorgn(1-13,-9)

34. Age(3) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

35. Age(3) mstatus(2-5) termtim(1-4) econprim(7) migorgn(1-13,-9)

36. Age(3) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13,-9)

37. Age(4-15) mstatus(1) termtim(1-4) econprim(7) migorgn(1-13,-9)

38. Age(4-15) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

39. Age(4-15) mstatus(2-5) termtim(1-4) econprim(7) migorgn(1-13,-9)

40. Age(4-15) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13,-9)

41. Age(16) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

42. Age(16) mstatus(2,3,5) termtim(-9) econprim(7) migorgn(1-13,-9)

43. Age(16) mstatus(4) termtim(1-4) econprim(7) migorgn(1-13,-9)

44. Age(16) mstatus(4) termtim(-9) econprim(7) migorgn(1-13,-9)

45. Age(17-54) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

46. Age(17-54) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13,-9)

47. Age(55-91,93,95) mstatus(1) termtim(-9) econprim(7) migorgn(1-13,-9)

48. Age(55-91,93,95) mstatus(2-5) termtim(-9) econprim(7) migorgn(1-13,-9)

49. Age(0) mstatus(1) termtim(1-4) econprim(9) migorgn(1-13)

50. Age(0) mstatus(1) termtim(1-4) econprim(9) migorgn(-9)

51. Age(0) mstatus(1) termtim(-9) econprim(9) migorgn(1-13)

52. Age(0) mstatus(1) termtim(-9) econprim(9) migorgn(-9)

53. Age(0) mstatus(2-5) termtim(1-4) econprim(9) migorgn(1-13,-9)

54. Age(0) mstatus(2-5) termtim(-9) econprim(9) migorgn(1-13,-9)

55. Age(1,2) mstatus(1) termtim(1-4) econprim(9) migorgn(1-13,-9)

56. Age(1,2) mstatus(1) termtim(-9) econprim(9) migorgn(1-13,-9)

57. Age(1,2) mstatus(2-5) termtim(1-4) econprim(9) migorgn(1-13,-9)

58. Age(1,2) mstatus(2-5) termtim(-9) econprim(9) migorgn(1-13,-9)

59. Age(3) mstatus(1) econprim(9) migorgn(1-13,-9)

60. Age(3) mstatus(2-5) termtim(1-4) econprim(9) migorgn(1-13,-9)

61. Age(3) mstatus(2-5) termtim(-9) econprim(9) migorgn(1-13,-9)

62. Age(4-15) mstatus(1) termtim(1-4) econprim(9) migorgn(1-13,-9)

63. Age(4-15) mstatus(1) termtim(-9) econprim(9) migorgn(1-13,-9)

64. Age(4-15) mstatus(2-5) termtim(1-4) econprim(9) migorgn(1-13,-9)

65. Age(4-15) mstatus(2-5) termtim(-9) econprim(9) migorgn(1-13,-9)

66. Age(16) mstatus(1) termtim(1-4) econprim(9) migorgn(1-13,-9)

67. Age(16) mstatus(1) termtim(-9) econprim(9) migorgn(1-13,-9)

68. Age(16) mstatus(2,3,5) termtim(1-4) econprim(9) migorgn(1-13,-9)

69. Age(16) mstatus(2,3,5) termtim(-9) econprim(9) migorgn(1-13,-9)

70. Age(16) mstatus(4) termtim(1-4) econprim(9) migorgn(1-13,-9)

71. Age(16) mstatus(4) termtim(-9) econprim(9) migorgn(1-13,-9)

72. Age(17-34) mstatus(1) termtim(1-4) econprim(9) migorgn(1-13,-9)

73. Age(17-34) mstatus(2-5) termtim(1-4) econprim(9) migorgn(1-13,-9)

74. Age(35-54) termtim(1-4) econprim(9) migorgn(1-13,-9)

75. Age(55-91,93,95) termtim(1-4) econprim(9) migorgn(1-13,-9)

76. Age(0) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13)

77. Age(0) mstatus(1) termtim(1-4) econprim(-9) migorgn(-9)

78. Age(0) mstatus(1) termtim(-9) econprim(-9) migorgn(1-13)

79. Age(0) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(1-13)

80. Age(0) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(-9)

81. Age(0) mstatus(2-5) termtim(-9) econprim(-9) migorgn(1-13)

82. Age(0) mstatus(2-5) termtim(-9) econprim(-9) migorgn(-9)

83. Age(1,2) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13,-9)

84. Age(1,2) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(1-13,-9)

85. Age(1,2) mstatus(2-5) termtim(-9) econprim(-9) migorgn(1-13,-9)

86. Age(3) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13,-9)

87. Age(3) mstatus(2-5) econprim(-9) migorgn(1-13,-9)

88. Age(4-15) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(1-13,-9)

89. Age(4-15) mstatus(2-5) termtim(-9) econprim(-9) migorgn(1-13,-9)

90. Age(16) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13,-9)

91. Age(16) mstatus(1) termtim(-9) econprim(-9) migorgn(1-13,-9)

92. Age(16) mstatus(2,3,5) termtim(1-4) econprim(-9) migorgn(1-13,-9)

93. Age(16) mstatus(2,3,5) termtim(-9) econprim(-9) migorgn(1-13,-9)

94. Age(16) mstatus(4) termtim(1-4) econprim(-9) migorgn(1-13,-9)

95. Age(16) mstatus(4) termtim(-9) econprim(-9) migorgn(1-13,-9)

96. Age(17-54) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13,-9)

97. Age(17-54) mstatus(1) termtim(-9) econprim(-9) migorgn(1-13,-9)

98. Age(17-54) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(1-13,-9)

99. Age(17-54) mstatus(2-5) termtim(-9) econprim(-9) migorgn(1-13,-9)

100. Age(55-91,93,95) mstatus(1) termtim(1-4) econprim(-9) migorgn(1-13,-9)

101. Age(55-91,93,95) mstatus(1) termtim(-9) econprim(-9) migorgn(1-13,-9)

102. Age(55-91,93,95) mstatus(2-5) termtim(1-4) econprim(-9) migorgn(1-13,-9)

103. Age(55-91,93,95) mstatus(2-5) termtim(-9) econprim(-9) migorgn(1-13,-9)

104. Sex(1) Age(65-91,93,95) econprim(5)

105. Sex(2) Age(63-91,93,95) econprim(5)

106. Age(0) migorgn<-9)

107. hhsptype(14) roomsnum(1) bath(2,3) insidewc(1)

108. hhsptype(14) roomsnum(1) bath(1) insidewc(2,3)

109. hhsptype(14) roomsnum(2-5) bath(2,3) insidewc(1)

110. hhsptype(14) roomsnum(2-5) bath(1) insidewc(2,3)

111. hhsptype(14) roomsnum(6-15) bath(2,3) insidewc(1)

112. hhsptype(14) roomsnum(6-15) bath(1) insidewc(2,3)

113. hhsptype(1-3) roomsnum(1) bath(2,3) insidewc(1)

114. hhsptype(1-3) roomsnum(1) bath(1) insidewc(2,3)

115. hhsptype(1-3) roomsnum(2-15) bath(2,3) insidewc(1)

116. hhsptype(1-3) roomsnum(2-15) bath(1) insidewc(2,3)

117. hhsptype(4,5) roomsnum(1) bath(2,3) insidewc(1)

118. hhsptype(4,5) roomsnum(1) bath(1) insidewc(2,3)

119. hhsptype(4,5) roomsnum(2-15) bath(2,3) insidewc(1)

120. hhsptype(4,5) roomsnum(2-15) bath(1) insidewc(2,3)

121. hhsptype(6,7) roomsnum(1) bath(2,3) insidewc(1)

122. hhsptype(6,7) roomsnum(1) bath(1) insidewc(2,3)

123. hhsptype(6,7) roomsnum(2-15) bath(2,3) insidewc(1)

124. hhsptype(6,7) roomsnum(2-15) bath(1) insidewc(2,3)

125. hhsptype(14) roomsnum(11-15)

126. hhsptype(1-7,14) bath(2,3)

127. hhsptype(1-7,14) insidewc(2,3)

128. hhsptype(14) tenure(6-10)

All edit rules are of the hard type with the exception of the 126th and 127th which are of the soft type.

Appendix C
Editing and Imputation failure indicators computed for Hard and Extended versions of personal edit rules applied on the perturbed development SARs data set.

The availability of the original data set, newhhold(area 2)new.csv, corresponding to the perturbed development data set with missing and erroneous values, newhhold(area 2)me.csv, allows us to compute the following indicators for the Hard and Extended versions of edit rules defined for the non-demographic person variables:

E_true = percentage of not perturbed data erroneously imputed;

E_mod = percentage of perturbed data not imputed;

I_imp = percentage of imputed values for which imputation is a failure.

Variable
Extended
Hard


E_true
E_mod
I_imp
E_true
E_mod
I_imp

cobirth 
 0.00 
 41.65 
 18.21
 0.00
 41.65
 18.21

distwork 
 0.32 
 7.68 
 83.98
 0.00
 7.80
 81.56

hours 
 0.45 
 31.99 
 91.05
 0.00
 32.17
 90.32

ltill 
 0.00 
 4.90 
 15.52
 0.00
 4.90
 15.57

migorgn 
 0.02 
 48.74 
 83.76
 0.02
 48.74
 84.39

qualnum 
 0.04 
 0.69 
 7.51
 0.00
 1.64
 13.08

qualevel 
 0.03 
 10.11 
 55.38
 0.00
 10.28
 80.73

qualsub 
 0.06 
 41.92 
 92.82
 0.00
 42.08
 94.20

residsta 
 0.00 
 42.83 
 12.64
 0.00
 43.16
 14.09

termtim 
 0.49 
 34.29 
 54.91
 0.51
 34.29
 55.09

urvisit 
 0.04 
 39.82 
 100.00
 0.00
 41.59
 100.00

workplce 
 0.32 
 20.12 
 25.09
 0.00
 20.21
 30.78

econprim 
 1.48 
 26.88 
 57.67
 1.48
 27.11
 59.32

isco2 
 0.47 
 16.66 
 92.49
 0.00
 16.87
 91.50
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