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C1.  Introduction

The WAID software (Weighted Automatic Interaction Detector) was developed by the AUTIMP Project (http://www.cbs.nl/en/service/autimp/autimp.htm ) to build regression and classification trees to determine imputation classes. The WAID method is described briefly in Chapter 3 of Volume 1. 

While WAID has been shown to be useful for the purposes of imputation, it could also be useful as a non-linear regression technique, to identify the edit rules that resulted in changes that were made to data, which may be the result of manual or semi-manual edits. In some surveys, particularly business surveys, a large number of (often soft) edit rules are specified resulting in a very high proportion of the records being queried, which adds considerably to the cost of the survey. Many of the records queried are found to be correct and thus are not changed. If the number of edits could be reduced to only the ones that resulted in changes being made to the data, then the costs of the surveys could be reduced with no reduction in quality. Furthermore the possibilities for automatic (non-manual) editing are enhanced. The experiments reported here are based on comparing pre and post edited data from part of the UK Annual Business Survey (ABI). This dataset, the ABI Production and Construction dataset, is not the same one used for the Euredit experiments – it became available later, and unlike the Euredit dataset raw (unedited) data were also available. The objective of the experiments is to use variables that are components of potential edit rules to predict which records, and variables within records, resulted in being changed. An indicator variable that is 1 if the record/ variable has been changed and 0 otherwise is used as the dependent variable.

This report summarises the work carried out to ascertain whether WAID software could be used in identifying edit rules that are implicit in changes made during manual and semi-manual editing. The changes are a result of comparing differences between pre and post edited data. By considering the combinations of values seen in particular variables that resulted in changes being made, it is possible to construct implicit edit rules can be developed for the ABI data, with potential for extension to other data sets of similar data types. 

As can be seen from the results below the successful application of this method requires expertise, including topic knowledge, but used skilfully it offers some promise.

C2.  Background

The main objective of this work was to establish whether differences between the edited and unedited ABI Production and Construction data could be explored to produce a number of implicit edit rules. Using the unedited version of the ABI Production and Construction data sets as a base, a second 'clean' dataset was produced by manually editing the original data set. The manual editing was carried out using a set of actual edit rules (also termed as 'true' edit rules) as described below. It was assumed that the differences found by comparing the two data sets could then be compared with the actual edit rules, thereby picking up important variable ratios and subsequently identify implicit edit rules.

Table C.2.1.
Variables on the ABI Production and Construction dataset.

	Question Number
	Variable Description

	Q399
	Total turnover

	Q400
	Total taxes, duties and levies

	Q446
	Gross wages and salaries

	Q448
	Employers National Insurance contributions

	Q450
	Total employment costs

	Q432
	Welfare to work subsidies

	Q600
	Capex (capital expenditure) acquisitions

	Q602
	Work of a capital nature by own staff

	Q317
	Value of insurance claims received

	Q412
	Amounts paid in business rates

	Q413
	Other amounts paid for taxes, duties and levies

	Q414
	Total subsidies received

	Q416
	Customs and excise drawback

	Q431
	Vehicle excise duty

	Q447
	Costs?

	Q449
	Additional employment costs

	Q499
	Total purchases of goods, materials and services

	Q500
	Stocks at start of year

	Q599
	Stocks at end of year

	Q699
	Capex (capital expenditure) proceeds


Table C.2.2. displays the edit rules which were applied to the dataset.  Records that did not pass these conditions resulted in queries.

Table C.2.2.
Edit rules applied to the ABI dataset.

	No
	Edit Rule
	No.
	Edit Rules

	1
	Q399 > 0
	6
	Q446*0.3 > Q432

	2
	Q400 > 0
	7
	If Q600 > 200 then Q602 < Q600*0.5

	3
	Q499 > 0
	8
	Q602 < Q600

	4
	Q446 > 0
	9
	Q600 < Q399

	5
	0.05 < (Q448/Q446) < 0.12
	10
	Q432 < 1000


C3. Methods

The WAID approach involves creating a new binary variable that is then used to identify whether data for a particular case has changed, thus being indicative of an edit failure. From edit failures, a classification tree is developed using ‘pass’ or ‘fail’ as the response variable. Thereafter, terminal nodes of the tree can then be explored in terms of edit failures.

To build a classification tree, the ABI data, which is mostly continuous, has to be grouped. How the groups are formed is dependent on the adopted approach as listed below.

To determine the best practice and variable combinations, five different approaches with a number of different variable combinations and minimum node sizes were used.  Below is a list of the different approaches:

1. Using the variables as they were presented in the database;

2. Using additional ratios created from the variables;

3. Using only variables not present in the actual edit rules;

4. Adding an additional relationship between 2 variables;

5. Using the inconsistencies in responses to specific key variables as the binary response with all (or most) variables including ratios acting as the explanatory variables.

C3.1. Approach 1 - Variables as Presented

Approach 1 relates to using the variables as they were presented in the data set.  As the data are mainly continuous, they were categorised into three groups. Allowing for a response value of zero, the remainder of the responses were divided into two groups with approximately equal numbers in each group.  These are:

0. where response  is 0

1. response is below a selected band

2. response is above a selected band

Experiments were then carried out using first a small number of key variables (Q399, Q400, Q450, Q499) results in Tables C3.1.a – C3.1d followed by all variables results in Table C3.1e and applying minimum node sizes 100, 50, 25 and 10. These key variables were chosen both because they appeared to be important variables in the survey and because they accounted for many of the differences between the edited and unedited data.

The results in this section are only displayed for terminal nodes with combinations of variables which contain more than 50% of differences between the edited and unedited files.  The numbers of differences shown in the last two columns refer only to these variable combinations.

It is clear from tables C.3.1.a – C.3.1.e that there are certain combinations of variable values where there are large numbers of differences between the edited and unedited data. In particular these occur in businesses where Q399 (total turnover) = high and Q400 (total taxes, duties and levies) = 0, or where Q399 and Q400 are both = 0.

From approach 1 we can identify the following implicit edit rules:

1. Both Q399 and Q400 must be > 0

2. If Q399 is low then Q400, Q450 and Q499 cannot be high

3. If Q400 is high then Q599 (stocks at the start of year) cannot equal 0 

Table C.3.1a: Changes when minimum node size = 100

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations 

	Q399
	Q400
	Q450
	Q499
	
	

	2
	0
	-
	2
	800
	955

	0
	0
	-
	-
	264
	301

	2
	2
	1,2
	0,1
	117
	217

	2
	0
	-
	0,1
	141
	155

	0
	1,2
	-
	-
	80
	101


Table C3.1.b: Changes when minimum node size = 50

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q450
	Q499
	
	

	2
	0
	2
	2
	620
	734

	0
	0
	-
	0
	210
	217

	2
	0
	-
	0,1
	141
	155

	2
	0
	1
	2
	121
	155

	2
	2
	1,2
	1
	102
	202

	0
	1,2
	-
	
	80
	101

	1,2
	2
	0
	1,2
	62
	67

	1
	0
	1,2
	2
	61
	79

	2
	0
	0
	2
	59
	66

	0
	0
	-
	1,2
	57
	84

	1
	2
	1,2
	2
	55
	96

	2
	1
	1
	1
	53
	98

	1,2
	1,2
	-
	0
	40
	55


Table C.3.1.c: Changes when minimum node size = 25

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q450
	Q499
	
	

	2
	0
	2
	2
	620
	734

	0
	1,2
	2
	-
	362
	52

	0
	0
	-
	0
	210
	217

	2
	0
	1
	2
	121
	155

	2
	0
	-
	1
	112
	124

	2
	2
	2
	1
	86
	168

	1,2
	2
	0
	1,2
	62
	67

	1
	0
	1,2
	2
	61
	79

	2
	0
	0
	2
	59
	66

	1
	1
	1
	1
	53
	98

	0
	1,2
	0,1
	-
	44
	49

	1,2
	1,2
	-
	0
	40
	55

	1
	2
	2
	2
	39
	50

	0
	0
	-
	1
	36
	59

	2
	0
	-
	0
	29
	31

	1
	0
	2
	0,1
	25
	35

	0
	0
	-
	2
	21
	25


Table C.3.1.d: Changes when minimum node size = 10

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q450
	Q499
	
	

	2
	0
	2
	2
	620
	734

	0
	0
	0
	0
	201
	205

	2
	0
	1
	2
	121
	155

	2
	2
	2
	1
	86
	168

	2
	0
	0
	2
	59
	66

	2
	0
	1
	0,1
	56
	61

	2
	1
	1
	1
	53
	98

	1,2
	2
	0
	2
	52
	57

	2
	0
	2
	1
	50
	57

	1
	0
	1
	2
	45
	62

	1
	2
	2
	2
	39
	50

	0
	1,2
	2
	-
	36
	52

	0
	1,2
	1
	-
	36
	39

	0
	0
	-
	1
	36
	59

	1
	0
	2
	0,1
	25
	35

	2
	0
	0
	0,1
	24
	24

	2
	1,2
	-
	0
	21
	21

	0
	0
	-
	2
	21
	25

	1
	0
	2
	2
	16
	17

	1
	0
	1
	1,2
	14
	24

	2
	0
	2
	0
	11
	13

	1,2
	2
	0
	1
	10
	10

	0
	0
	1,2
	0
	9
	12

	1
	1
	2
	2
	9
	11

	0
	1,2
	0
	
	8
	10


Table C.3.1.e: Changes when minimum node size = 100

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q448
	Q599
	Q600
	Q450
	Q699
	Q499
	Q500
	
	

	1
	0
	-
	-
	1,2
	1,2
	-
	-
	1,2
	457
	811

	0
	0
	-
	-
	-
	-
	-
	-
	-
	267
	301

	2
	0
	0
	-
	2
	2
	0,1
	-
	-
	199
	213

	2
	0
	0
	0,1
	-
	0,1
	-
	-
	-
	155
	173

	2
	0
	0
	-
	1
	2
	-
	-
	-
	150
	172

	2
	0
	0
	-
	2
	2
	2
	-
	-
	126
	134

	-
	2
	-
	0
	0
	-
	-
	-
	-
	121
	145

	2
	0
	1
	-
	0
	2
	-
	-
	-
	117
	122

	2
	0
	1,2
	-
	-
	-
	-
	-
	-
	102
	185

	-
	2
	-
	2
	0
	-
	-
	0
	-
	93
	131

	2
	0
	0
	2
	-
	0,1
	-
	-
	-
	92
	111

	-
	2
	-
	0
	1,2
	-
	0
	-
	-
	78
	115


C3.2. Approach 2 - Using Additional Ratios

The second approach relates to using additional ratios created from the variables and approach allows relationships, where applicable, between variables to be become apparent. The aim is to identify whether the reported edit rules are utilised in producing the post-edited data set and more importantly whether implicit edit rules and actual edit rules are apparent in the data sets. Using the relevant edit rules, variables are recoded appropriately. The recoded groups are shown in the table below.

Using information in this table, the following codes are produced then used in WAID analysis-Approach 2

Table C.3.2.1 - Approach 2 - edit rules used in analysis

	Rule No.
	Edit Rules

	1
	For Q431;
Value = 0
code = 0


Value < 10000
code = 0


Value >= 10000
code = 2

	2
	Ratio1 = Q448/Q446

	3
	Ratio2 = Q432/Q446

	4
	For Q600;
Value = 0,
code = 0


Value < 2000
code = 1


Value >= 2000
code = 2

	5
	Ratio3 = Q602/Q600

	6
	Ratio4 = Q600/Q399


Tables C3.2a – C3.2b also show that large number of differences between the edited and unedited data occur in businesses where Q399 (total turnover) = high and Q400 (total taxes, duties and levies) = 0, or where Q399 = 0, Q400 = 0 and ratio4 =3,4, or Q400 = high and ratio4 = 1,2. Combinations of variables Q399, Q400 and ratio4 present large numbers of differences leading to the conclusion that variables Q399 and Q400 and Q600 are the most important variables in the construction of edit rules.

The results from Approach 2 are very similar to those observed from Approach 4. The addition of a new variable did not result in new differences between the edited and unedited data.  

From approach 2 to the WAID analysis we have identified the following implicit edit rule:

If Q400 (total taxes) = high then Q600 (Capex acquisitions) must be low compared to Q399 (total turnover.

Table C3.2a: Changes when minimum node size = 50

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399


	Q400
	Q499
	Q446
	Q431
	Q600
	Ratio 1

Q448/Q446
	Ratio 2

Q432/Q446
	Ratio3

Q602/Q600
	Ratio 4

Q600/Q399
	
	

	2
	0
	-
	-
	-
	0,1
	3,4
	-
	1
	-
	546
	612

	2
	0
	-
	-
	-
	0,1
	3,4
	-
	4
	-
	222
	242

	0,1
	0
	0
	-
	-
	-
	
	-
	-
	3,4
	213
	220

	2
	2
	-
	-
	-
	-
	3,4
	-
	3,4
	1,2
	152
	197

	-
	1,2
	-
	-
	-
	2
	4
	-
	1,2
	1,2
	123
	181

	-
	1,2
	-
	-
	-
	-
	3,4
	-
	-
	3,4
	99
	111

	2
	0
	-
	-
	-
	2
	3,4
	-
	-
	-
	74
	79

	2
	0
	-
	2
	-
	-
	1,2
	-
	-
	-
	69
	109

	-
	1
	-
	-
	-
	-
	3
	-
	3,4
	1,2
	61
	112

	-
	1,2
	1
	-
	1,2
	1
	3
	-
	1,2
	1,2
	61
	108

	-
	2
	-
	-
	-
	-
	1
	-
	-
	1,2
	59
	65

	-
	1,2
	-
	-
	-
	-
	1,2
	-
	-
	3,4
	52
	76

	-
	1,2
	2
	2
	1,2
	1
	3
	-
	1,2
	1,2
	51
	95

	0,1
	0
	1,2
	-
	-
	-
	-
	-
	1
	3,4
	45
	65

	-
	2
	
	2
	1
	-
	-
	2
	3,4
	1,2
	39
	64

	2
	2
	0,1
	-
	1,2
	1
	2
	1
	1,2
	1,2
	38
	69

	-
	1
	-
	-
	-
	-
	1
	-
	1,2,3
	1,2
	37
	51

	0,1
	0
	1,2
	-
	-
	-
	
	-
	2,4
	3,4
	36
	56

	-
	1,2
	-
	-
	-
	2
	3
	-
	1,2
	1,2
	34
	59

	-
	1
	-
	-
	-
	-
	1
	-
	4
	1,2
	33
	54


Table C3.2b: Changes when minimum node size = 50

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q450
	Q499
	Ratio1
	Ratio2
	Ratio3
	Ratio4
	
	

	2
	0
	2
	-
	3,4
	-
	1
	-
	477
	524

	0,1
	0
	-
	0
	-
	-
	-
	3,4
	213
	220

	2
	2
	1,2
	-
	3
	-
	1,2
	1,2
	133
	257

	-
	2
	2
	-
	3,4
	-
	3,4
	1,2
	131
	163

	2
	0
	2
	-
	3,4
	-
	4
	-
	119
	125

	2
	0
	1
	2
	3,4
	-
	-
	-
	115
	141

	-
	1,2
	-
	-
	3,4
	-
	-
	3,4
	99
	111

	2
	0
	-
	-
	1,2
	-
	1,2
	-
	77
	125

	2
	0
	0,1
	0,1
	3,4
	-
	
	-
	72
	77

	-
	1
	-
	-
	3
	-
	3,4
	1,2
	61
	112

	2
	2
	1,2
	0,1
	2
	1
	1,2
	1,2
	61
	109

	-
	2
	-
	-
	1
	-
	-
	1,2
	59
	65

	2
	0
	0
	2
	3,4
	-
	-
	-
	59
	66

	-
	1,2
	-
	-
	1,2
	-
	-
	3,4
	52
	76

	0,1
	0
	-
	1,2
	-
	-
	1
	3,4
	45
	65

	-
	1
	-
	-
	1
	-
	1,2,3
	1,2
	37
	51

	0,1
	0
	-
	1,2
	-
	-
	2,4
	3,4
	36
	56

	-
	1
	-
	-
	1
	-
	4
	1,2
	33
	54

	2
	1
	1,2
	-
	3
	-
	1,2
	1,2
	33
	56


C3.3. Approach 3 - Using Unedited Variables 

Using only variables not present in the actual edit rules.  The third approach investigates the use of differences between edited and unedited data sets to produce the response variable as described in the method above but use as explanatory variables only those variables not used in the actual edit rules.

Tables C3.3a – C3.3b also show that large number of differences between the edited and unedited data occur in businesses where Q399 (total turnover) = high and Q400 (total taxes, duties and levies) = 0, or where Q399 = 0, Q400 = 0 and ratio4 =3,4, or Q400 = high and ratio4 = 1,2

From approach 3 to the WAID analysis we have identified the following implicit edit rules:

If Q500 = low then Q412 and Q450 cannot be high.

If Q500 = low then Q412 and Q450 cannot be > low.

If Q500 > low then Q412 cannot be >low and Q599 = low.

If Q599 = high then Q450 and Q412 cannot be = low

Table C3.3a: Changes when minimum node size = 50

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q500
	Q450
	Q412
	Q599
	Q447
	
	

	0
	2
	0
	-
	-
	204
	284

	1,2
	-
	1,2
	0
	-
	69
	92

	1,2
	2
	0
	-
	1,2
	58
	100

	-
	0
	0
	2
	-
	48
	58

	0
	-
	1,2
	1,2
	-
	37
	67


Table C3.3b: Changes when minimum node size = 25

	Combinations of values for key variables
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q500
	Q450
	Q412
	Q599
	Q447
	Q413
	
	

	0
	2
	0
	0
	-
	-
	176
	248

	-
	0
	0
	2
	-
	-
	48
	58

	1,2
	2
	0
	1,2
	2
	-
	33
	52

	1,2
	2
	2
	0
	-
	-
	30
	35

	0
	2
	0
	1,2
	-
	-
	28
	36

	1,2
	2
	0
	0
	-
	-
	25
	32

	1,2
	2
	1
	0
	-
	-
	22
	27

	0
	-
	1,2
	2
	-
	-
	19
	29

	1,2
	0,1
	1,2
	0
	-
	-
	17
	30

	1,2
	2
	2
	1
	-
	1,2
	13
	25


C3.4. Approach 4 - Adding Additional Relationships

Approach 4 relates to adding an additional relationship between 2 variables.  It is exploring the relationship between key variables and selected variables, which are assumed to be influential.  These are Capex (Capital Expenditure) Acquisitions (Q600) and Work of a capital nature by own staff (Q602) when Q600 > 2000. The table from this analysis are ver similar to those of WAID analysis – approach 4

C3.5. Approach 5 - Using Inconsistencies

Using the inconsistencies in responses to specific key variables as the binary response with all (or most) variables including ratios as the explanatory variables.  The final approach looks at the use of response variable representing differences between the edited and unedited data obtained from one variable and using minimum node of size 50 in all cases.

For all the above approaches, the WAID software package was run and results obtained. The output from the different runs of WAID consisted of a classification tree and a breakdown of the terminal nodes. The information for the terminal nodes displays the combination of levels of variables, which produces this node as well as the breakdown of the binary variable. As this can result in a great deal of information, only selected terminal node information is displayed in this report.

The tables show the variables present in a terminal node as well as the values these variables take.  Blank cells within a table indicate that a particular variable is not a member of this terminal node and a variable can take any value.

The WAID analysis from approach 5 has produced a larger number of possible edit rules.  A noticeable group of variables appear to be influential in identifying the possible edit rules.  As well as those variables previously observed, e.g. Total turnover, new variables such as Capex acquisitions and NI contributions are now present in possible edit rules.

From approach 5 to the WAID analysis we have identified the following implicit edit rules:

1. Both Q399 and Q446 must be >0.

2. If Q399 is high then Q449 must be >0.

3. If Q399 is high then either Q400 or Q448 or Q600 must be >0.

4. If Q400 > 0 then Q412 must be > 0.

5. If Total employment costs are high then either Additional costs or Business rates (or both) must be > 0.

6. If Capex acquisitions are high then Capex proceeds must be > 0.

7. If Total purchases are high then either Additional employment costs or Capex acquisitions must be > 0.

8. If Capex expenditure is high and Total purchases > 0 then Business rates must be > 0. 

9. If Total purchases (Q499) are high and Capex acquisitions (Q600) are low then Additional employment costs (Q449) must be > 0.

10. If Total purchases (Q499) are high then either Capex acquisitions (Q600) or Additional employment costs (Q449) must be > 0. 

Table C3.5a: Changes when minimum node size = 50

	Combination of all variables including ratios (response variable Q399)
	No of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q412
	Q446
	Q449
	Q450
	Q499
	Q500
	Q599
	Q600
	Q699
	
	

	0
	-
	-
	0
	-
	-
	0
	-
	-
	-
	-
	207
	222

	2
	-
	0
	-
	0
	1,2
	-
	-
	-
	2
	0
	84
	125

	0
	-
	-
	0
	-
	-
	1,2
	1,2
	-
	-
	-
	65
	71

	2
	-
	-
	-
	0
	0
	-
	0
	-
	0
	-
	63
	69

	2
	0,1
	-
	-
	0
	1,2
	-
	0
	-
	0
	-
	59
	96

	2
	2
	-
	-
	0
	1,2
	-
	0
	-
	0
	-
	52
	62

	2
	0
	-
	-
	0
	2
	-
	1,2
	2
	0
	-
	44
	61

	2
	-
	-
	-
	-
	0
	-
	-
	-
	1,2
	-
	35
	62


Table C3.5b: Changes when minimum node size = 50

	Combination of all variables including ratios (response variable Q400)
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q412
	Q446
	Q447
	Q448
	Q450
	Q499
	Q500
	Q599
	Q600
	Q699
	Ratio 1
	Ratio 4
	
	

	0,1
	0
	-
	0
	-
	-
	1,2
	1,2
	1
	-
	-
	0
	-
	2,3,4
	234
	467

	0,1
	0
	-
	-
	-
	-
	-
	0
	-
	-
	-
	
	-
	2,3,4
	186
	239

	2
	0
	-
	-
	-
	0
	2
	-
	-
	1,2
	1
	0
	-
	2,3,4
	148
	169

	0,1
	0
	-
	0
	-
	-
	1,2
	1,2
	1
	-
	-
	1
	-
	2,3,4
	96
	178

	2
	0
	-
	-
	-
	0
	2
	-
	2
	1,2
	1
	2
	-
	2,3,4
	91
	100

	2
	0
	-
	-
	-
	0
	2
	-
	2
	1,2
	1
	1
	-
	2,3,4
	89
	95

	-
	2
	0
	-
	-
	-
	2
	-
	1,2
	-
	0
	
	-
	
	66
	103

	2
	0
	-
	-
	-
	0
	0,1
	-
	-
	1,2
	1
	1,2
	-
	2,3,4
	65
	76

	-
	0
	-
	-
	-
	-
	1,2
	-
	2
	1,2
	-
	
	3,4
	1
	57
	103

	2
	0
	-
	-
	-
	0
	2
	-
	0,1
	1,2
	1
	1,2
	-
	2,3,4
	57
	64

	2
	0
	-
	-
	-
	0
	0,1
	-
	-
	1,2
	1
	0
	-
	2,3,4
	53
	67

	-
	1,2
	0
	-
	-
	-
	-
	-
	1,2
	-
	2
	0
	-
	-
	51
	87

	-
	2
	0
	-
	-
	-
	-
	-
	0
	-
	1,2
	-
	-
	-
	49
	91

	-
	2
	0
	-
	-
	-
	2
	-
	0
	-
	0
	-
	-
	-
	49
	53

	0,1
	0
	-
	0
	-
	-
	1,2
	1,2
	1
	-
	-
	2
	-
	2,3,4
	49
	73

	0,1
	0
	-
	0
	-
	-
	1,2
	1,2
	2
	-
	-
	-
	-
	2,3,4
	44
	59

	-
	2
	0
	-
	-
	-
	0,1
	-
	0
	-
	0
	-
	-
	-
	38
	53

	2
	0
	-
	-
	0
	1,2
	-
	-
	-
	1,2
	-
	-
	-
	2,3,4
	37
	62

	2
	0
	-
	-
	-
	0
	-
	-
	1,2
	-
	2
	-
	-
	2,3,4
	36
	65


Table C3.5c: Changes when minimum node size = 50

	Combination of variables including ratios (response variable Q450)
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q412
	Q449
	Q450
	Q499
	Q500
	Q600
	Q699
	
	

	0
	-
	-
	-
	-
	0
	-
	-
	-
	202
	223

	-
	-
	0
	0
	2
	1,2
	0
	-
	0
	97
	119

	-
	1,2
	0
	0
	2
	1,2
	1,2
	0
	-
	74
	131

	-
	-
	0
	1,2
	-
	-
	2
	2
	0
	70
	116

	-
	0
	0
	0
	2
	1,2
	1,2
	0
	-
	67
	91

	-
	-
	0
	1,2
	-
	-
	0,1
	2
	0
	33
	61


Table C3.5d: Changes when minimum node size = 50

	Combination of variables including ratios (response variable Q499)
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q399
	Q400
	Q412
	Q446
	Q449
	Q450
	Q499
	Q500
	Q599
	Q600
	Q699
	
	

	0
	-
	-
	-
	-
	-
	0
	-
	-
	-
	-
	202
	223

	-
	-
	0
	-
	-
	-
	1,2
	1,2
	-
	2
	0
	75
	128

	-
	-
	-
	-
	0
	0
	2
	0
	-
	0
	-
	65
	68

	-
	0
	-
	-
	0
	2
	2
	1,2
	-
	0
	-
	60
	85

	-
	0,1
	-
	-
	0
	1,2
	2
	0
	-
	0
	-
	54
	79

	-
	2
	-
	-
	0
	1,2
	2
	0
	-
	0
	-
	51
	63

	-
	-
	0
	-
	-
	-
	1,2
	0
	-
	2
	-
	49
	58

	1,2
	-
	-
	-
	-
	-
	0
	-
	1,2
	-
	-
	37
	50

	2
	-
	-
	2
	-
	-
	1
	-
	-
	1
	-
	30
	51


Table C3.5E: Changes when minimum node size = 50

	Combination of variables including ratios (excluding Q399)
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q400
	Q412
	Q446
	Q449
	Q450
	Q499
	Q500
	Q600
	Q699
	Ratio3
	Ratio4
	
	

	-
	-
	0
	-
	-
	0
	-
	-
	-
	-
	4
	207
	222

	-
	-
	0
	-
	-
	1,2
	1,2
	-
	-
	-
	4
	65
	71

	0,1
	0
	-
	-
	-
	-
	-
	2
	0
	-
	1,2,3
	34
	63

	2
	0
	-
	-
	-
	-
	-
	2
	0
	-
	1,2,3
	70
	107

	0,1
	-
	-
	0
	-
	2
	0
	0,1
	-
	3,4
	1,2,3
	78
	120

	2
	-
	-
	0
	-
	2
	0
	0,1
	-
	3,4
	1,2,3
	64
	78

	0
	-
	-
	0
	2
	2
	1,2
	0,1
	-
	3,4
	1,2,3
	52
	80


Table C3.5f: Changes when minimum node size = 50

	Combination of variables including ratios (excluding Q399 and Ratio4)
	Number of records with diffs between pre and post edited data with variable combinations
	Total number of records with these variable combinations

	Q400
	Q412
	Q449
	Q450
	Q499
	Q500
	Q600
	Q699
	Ratio3
	
	

	-
	-
	-
	0
	0
	-
	-
	-
	-
	215
	311

	0,1
	0
	-
	-
	1,2
	-
	2
	0
	-
	37
	67

	2
	0
	-
	-
	1,2
	-
	2
	0
	-
	72
	110

	0,1
	-
	0
	-
	2
	0
	0,1
	-
	3,4
	80
	128

	2
	-
	0
	-
	2
	0
	0,1
	-
	3,4
	65
	82

	0
	-
	0
	2
	2
	1,2
	0,1
	-
	3,4
	57
	85


C4. Overall findings

The results from the WAID analysis – Approaches 1 to 5, seem to suggest that even though changing the minimum node sizes increases the number of differences observed, it does not significantly increase the chances of identifying possible influential edit rules. 

Applying WAID analysis – Approach 5 seem to suggest that similar results can be obtained using this approach as those obtained from using key variables. This approach has identified more possible derived edit rules than any other approach.

WAID analysis – Approaches 2 and 4 produced very similar results when using minimum node size of 50. The addition of an extra variable in WAID analysis - Approach 4 had very little impact on the results. There were no new differences between the edited and unedited data after adding this relationship factor.

C5. Conclusions

The aim of this report was to see to what extent the WAID technique could be used to discover implicit edit rules in the data. Combinations of levels of variables have been found which identify differences between the edited and unedited data. However, discovering implicit edit rules was not straightforward and requires some skill and topic knowledge.

From the results obtained so far, it is possible to say some edit rules were more readily detected when differences in individual variables were used as the response rather than changes at the record level.

Determining key variables for WAID analyses can be lengthy and requires topic experts. However the Approach 5 analysis carried out using WAID with the ABI data seems to suggest that similar results can be obtained by including all (or most) variables as explanatory variables instead of using only key variables. Using differences in individual key variables clearly produces a number of implicit edit rules. This could be extended to create models for each variable with possibilities of new rules being discovered.
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