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1 Introduction

This report describes the evaluation of standard edit and imputation methods (WP 4.1) applied to two data sets: the UK Annual Business Inquiry (ABI) and the Swiss Environment Protection Expenditures Survey (EPE).  

We subdivide the editing and imputation process into three steps. The first step consists of solving the so-called error localisation problem, i.e. the problem of identifying the errors in the data. To identify these errors one often adopts (a generalised version of) the Fellegi-Holt paradigm. To apply this paradigm, we have developed a prototype computer program called Cherry Pie, that sets the identified errors to missing. A prerequisite for applying the Fellegi-Holt paradigm successfully is that systematic errors, such as financial figures 1,000 times too large, have already been removed. This pre-processing step was only taken in the editing strategy of the ABI data.

The second step is the imputation of the missing values, both the values that were originally missing as well as the values that were set to missing in the error localisation phase. We have used different standard imputation methods. These methods include deductive imputation, (multivariate) regression imputation, certain hot deck methods and a combination of regression and hot deck. For the application of these methods, (a combination of) standard software packages, such as SPSS and S-plus, was used.

During the imputation step, edit rules are not always taken into account. As a third and final step one can modify the imputed values such that all edits become satisfied. To ensure  consistent imputation we have developed a prototype computer program called EC System. This program is related to Cherry Pie and both prototypes run only under Windows. This method of modifying imputed values was only needed for the EPE data. The imputation strategy for the ABI data led by definition to imputations consistent with the edit rules.

In this chapter we focus on the results of the error localisation phase. The evaluation of the imputation methods tested on data sets with only missing values can be found the evaluation chapter of WP 5.1 (Pannekoek, 2002b). More information on the applied imputation methods can be found in the WP 5.1 deliverables of Statistics Netherlands. For details on the error localisation methods we refer to our WP 4.1 deliverables.

2 Method: standard edit and imputation methods

2.1 Method

Error localisation: To identify implausible values in the data sets with errors and missing values we have used the (generalised) Fellegi-Holt paradigm (see Fellegi and Holt, 1976). This paradigm says that the data in a record should be made to satisfy the specified edit rules by changing the fewest (weighted) number of fields. To each variable a non-negative weight, the so-called reliability weight, is assigned that indicates the reliability of the values of this variable. The higher the weight of a variable, the more reliable the corresponding values are considered to be. 

To apply the generalised Fellegi-Holt paradigm we have developed a prototype computer program called Cherry Pie. It can be applied to a mix of categorical and continuous data. The most important output of Cherry Pie consists of a file that contains for each record a list of all optimal solutions to the error localisation problem, i.e. all possible ways to satisfy the edit rules by changing as few fields as possible. After Cherry Pie has finished, per record one of these optimal solutions has to be selected from the corresponding list. The variables involved in the selected optimal solution are then set to missing. For details on the algorithm used for the automatic error localisation we refer to De Waal (2002a). More information on the selection of one optimal solution can be found in De Waal and Pannekoek (2002).
Imputation: As a part of WP 5.1 standard imputation methods have been developed and evaluated. In this evaluation for WP 4.1 we simply adopted the methods that were found to be best. The methods that are being used include regression imputation based on univariate (multiple) and multivariate (simultaneous) regression models and two hot deck imputation methods: a nearest neighbour hot deck method and a ratio hot deck method. Also, deductive imputation was used for variables for which balance edit rules are applicable. These imputation methods are applied to values that were originally missing and values that are set to missing by the error localisation procedure alike. The development and evaluation of these methods can be found in respectively Pannekoek and Van Veller (2002) and Pannekoek (2002b). For more details on the specific imputation methods see Pannekoek (2002a).

Adjustment of imputed variables: To ensure that imputed records satisfy all edit rules, we use a simple approach: we slightly modify the imputed values. To this end we have developed a prototype computer program called EC System. This program can handle a mix of categorical and continuous data. For each imputed record that does not satisfy all edit rules it constructs a (synthetic) record that differs only slightly from the imputed record and that does satisfy all edit rules. Original, i.e. not imputed, values in a record are not modified by EC System. EC System assumes that the imputed values can be modified such that all edit rules become satisfied. This is the case if the fields to be imputed were determined by using a system like Cherry Pie. For a more detailed description of the algorithm used we refer to De Waal (2002b).

2.2 Evaluation
2.2.1 Data set: UK Annual Business Inquiry (ABI)

2.2.1.1 Technical summary

Method: correction of systematic errors, automatic error localisation and standard imputation. 

Hardware used: Pentium IV, 1.5 GHz, 256 MB RAM. 

Software used: a prototype version of Cherry Pie, S-plus, SPSS and Excel. Programs run under Windows 2000. 

Test scope: editing and imputation.

2.2.1.2 Edit criteria

Except for turnreg, empreg, formtype, class and weight, all variables were edited and imputed.

From our development experiments (Vonk, Pannekoek and De Waal, 2002a) we concluded that the set of edit rules influences the quality of the error localisation greatly. Therefore, we work in these evaluation experiments with two sets of edit rules: all edit rules (strategy I) and the balance edit rules only (strategy II). 

The following steps were taken to localise (and modify) the systematic errors and perform the automatic error localisation:

1) Detect and correct the 1000-errors in all financial variables using the ratio of the perturbed value of turnover and the clean registered variable turnreg. In the records for which this ratio is 300 or more, all financial values are divided by 1000.

2) Run Cherry Pie. In case several solutions are generated, an optimal solution is selected using reliability weights and a (stratified) ratio estimator. This estimator is used to impute a value for each variable in each solution for an inconsistent record returned by Cherry Pie. The solution that deviates most from the original values in the records is chosen as the optimal one.

3) Find solutions with turnreg or formtype and run Cherry Pie on these records with only the balance edit rules (this step is left out in strategy II).

4) Localise remaining 1000-errors: split up the data set into strata (based on turnreg, empreg and formtype) and calculate the median for each stratum. All values larger than 1000 times the median of the records’ stratum are set to missing and need to be imputed.

The logical checks consist of the analysis of the descriptives. No values out of value range (e.g. negative values) were detected. Besides the localisation of the 1000-errors, no statistical checks were done. 

All in all, the error localisation process bring us to three sorts of values to be imputed; the remaining 1000-errors, the automatically localised errors and the missing values. In Table 2.1 the number of consistent records and records to be imputed can be found.

Table 2.1: Number of consistent records and records to be imputed after step 3 and 4, strategy I&II (ABI)

	
	After step 3 (Cherry Pie)
	After step 4 (localising extra 1000-errors)

	all edits (str. I)
	2396 consistent

3837 to be imputed
	2343 consistent

3890 to be imputed

	balance edits (str. II)
	5232 consistent 

1001 to be imputed
	5069 consistent

1164 to be imputed


In Table 2.2 the number of values to be imputed per variable after step 4 can be found. For some variables the differences between the number of values to be imputed for strategy I and II are enormous. Because the rigid non-fatal edit rules were dropped in strategy II, fewer or no edit rules applied to variables like turnover, emptotc, taxtot and employ.

Table 2.2: Number of values to be imputed per variable after step 4, strategy I&II (ABI)
	 
	turnover
	empwag
	empni
	empens
	empred
	emptotc
	puren
	purcoth
	puresale

	all edits (I)
	406
	493
	517
	146
	71
	1830
	64
	212
	219

	balance edits (II)
	33
	32
	30
	29
	43
	87
	32
	46
	243

	 
	purhire
	purins
	purtrans
	purtele
	purcomp
	puradv
	purothse
	purothal
	purtot

	all edits (I)
	65
	98
	154
	81
	53
	73
	281
	150
	250

	balance edits (II)
	54
	35
	39
	32
	27
	33
	30
	101
	159

	 
	taxrates
	taxothe
	taxtot
	stockbeg
	stockend
	assacq
	assdisp
	capwork
	employ

	all edits (I)
	84
	96
	433
	129
	141
	106
	82
	18
	919

	balance edits (II)
	57
	76
	82
	99
	107
	87
	69
	18
	40


The first check on 1000-errors using turnreg and turnover takes less than a day. The automatic editing takes less than an hour per strategy. The localisation of the remaining 1000-errors costs  a day. 

2.2.1.3 Edit rules

Different types of edit rules were used. First, we used edit rules for continuous variables only, for example, 

[ 1 * taxtot - 0.25 * turnover =< -1 ]

A second type applies to categorical variables in combination with continuous variables. An example of such an edit rule is

( formtype = 1 ) + [ 1 * taxrates + 1 * taxothe – 1 * taxtot = 0 ]


where the second part is an example of a balance edit rule. Especially for the conditions specified in the provided edit rules (e.g., turnover > 10), we used this second type often. We recoded three continuous variables employed as conditional variables for some edit rules (turnreg, turnover and employ) into four different categorical variables. This led to several edit rules of the form

( emplcond = 2 ) +[ ( 4 * employ – 1 * emptotc =< 0 ]




Emplcond is an example of such a newly created categorical variable. It can take the value 1 (employ = 0) or 2 (employ > 0). Also, for each variable an edit rule of the form

[ -1 * emptotc =< 0 ]







was added to make sure Cherry Pie would only choose variables in its solution for which a non-negative value could be imputed.

Localisation criteria: we fixed the number of fields that may be changed per record on seven. A theoretical reason for this is that the quality of a record that requires more changes is too low for automatic editing and needs manual editing. The practical reason is that the prototype version of Cherry Pie could not handle more fields to be changed. Because no manual editing was possible in this project, we did the editing for records with eight or more fields to be changed with only the balance edit rules. After this, no more records without a solution remained. 

Outlier detection centred around finding 1000-errors. In the error localisation steps described earlier, steps 1 and 4 apply to outlier detection methods. The specification of the edit rules takes approximately a day. 
2.2.1.4 Imputation

Because the imputation methods used in these WP 4.1 experiments are almost identical to the methods developed and evaluated in WP 5.1 we refer to this evaluation chapter for a description (Pannekoek, 2002b). 

2.2.1.5 Results

In describing the results we restrict ourselves to six key variables; turnover, emptotc, purtot, taxtot, assacq and assdisp. Also, we use a limited amount of error localisation and imputation evaluation criteria here to summarize the main results. All evaluation results for the ABI data can be found in Appendices A to D.

In Table 2.3 the editing and imputation results for strategy I are presented. The alpha’s are quite high, pointing to a large proportion of undetected errors. The beta’s vary per variable. Emptotc has a large beta (0,274), so a lot of correct values were considered incorrect by the editing process. The delta’s, giving the overall figure of misclassifications, range from 0,038 (assdisp) to 0,284 (emptotc).

The imputation criterium dL1 provides inside in the predictive accuracy of the imputations on record level. The values for these six key variables vary a lot, but this can partly be explained by different scales for the variables. The Kolmogorov-Smirnov distance function (K-S) evaluates the distributional accuracy. Turnover, purtot and assacq have low values on this criterium, indicating a sufficient preservation of the distribution of the true data values. The distribution is less well preserved for the other three variables. The m_1 criterium gives information on the preservation of aggregates after imputation. The values in the table differ a lot from each other, but as for dL1, it can partly be accounted for by the scale of the variable.

Table 2.3: Error localisation and imputation evaluation results for six variables of the ABI, strategy I
	 
	 
	turnover
	emptotc
	purtot
	taxtot
	assacq
	assdisp

	error detection
	alpha
	0,529
	0,378
	0,696
	0,569
	0,630
	0,619

	error detection
	beta 
	0,055
	0,274
	0,016
	0,045
	0,001
	0,001

	error detection
	delta
	0,096
	0,284
	0,117
	0,107
	0,049
	0,038

	predictive accuracy
	dL1  
	428,429
	59,392
	858,101
	7,921
	36,189
	66,080

	distributional accuracy
	K-S
	0,079
	0,469
	0,075
	0,544
	0,126
	0,343

	preservation of aggregates
	m_1  
	169,395
	56,681
	834,123
	5,943
	29,567
	60,964


In Table 2.4 the editing and imputation results for strategy II are given. The alpha’s range from 0,613 (emptotc) to 0,708 (purtot), indicating that at least 60% of the errors can not be detected by the editing process. Because less edit rules apply to the variables, it is evident that the alpha’s are higher than for strategy I. Conversely, the beta’s are lower. Less edit rules results in fewer correct values considered implausible by the editing process. The delta’s range from 0,040 (assdisp) to 0,111 (purtot). Most delta’s are similar or lower in strategy II than in strategy I, showing that the amount of misclassifications is smaller with fewer edit rules.

Table 2.4: Error localisation and imputation evaluation results for six variables of the ABI, strategy II
	 
	 
	turnover
	emptotc
	purtot
	taxtot
	assacq
	assdisp

	error detection
	alpha
	0,628
	0,613
	0,708
	0,679
	0,662
	0,651

	error detection
	beta 
	0,000
	0,001
	0,006
	0,001
	0,000
	0,001

	error detection
	delta
	0,054
	0,059
	0,111
	0,082
	0,050
	0,040

	predictive accuracy
	dL1  
	74,809
	42,498
	331,297
	40,253
	33,915
	71,084

	distributional accuracy
	K-S
	0,039
	0,118
	0,077
	0,206
	0,154
	0,357

	preservation of aggregates
	m_1  
	55,513
	36,293
	306,743
	36,172
	27,670
	65,439


Most imputation results seem better for strategy II than for strategy I. The distributional accuracy increases strongly for emptotc and taxtot for strategy II. The dL1 and m_1 measures decrease substantially for turnover and purtot. Because only the imputed values are accounted for in these measures, and the number of imputations depend upon the strategy used, it is difficult to explain the smaller values. 

2.2.1.6 Strengths and weaknesses of the error localisation

The main conclusion from these results is that the quality of the automatic error localisation highly depends on the quality of the specified edit rules. And clearly, this influences the quality of the imputations as well. The edit rules provided with the ABI data were sometimes too powerful. Leaving them out resulted in fewer misclassifications, but also diminished the amount of detected errors. 

The localisation of the systematic errors prior to automatic editing is an important step. However, we depended on only one registered variable. Usually, data from previous years are available and these could be used to detect more systematic errors. The detection of the 1000-errors in other variables than turnover after the automatic editing should be seen as an alternative attempt to detect systematic errors. 

The developed method can be generalized to other types of mixed data sets. As auxiliary information one needs good edit rules applying to all variables. And, for the detection of systematic errors information from registered variables or previous surveys are needed.

The major strength of the applied strategy is that it is fairly easy to understand and apply. However, the number of steps in this approach is large. This makes the level of human intervention high. The automatic editing itself requires little man-hours, but the specification of the edit rules and the detection of the systematic errors take more time. 

In the evaluation chapter on the imputation methods, more specific conclusions for the imputation strategy for the ABI data can be found. Here, we only want to stress that the quality of imputations depends on the quality of the error localisation and that the imputation criteria results are not as univocal as for the data sets with only missing values. 

2.2.2 Data set: Swiss Environment Protection Expenditures Survey (EPE)

2.2.2.1 Technical summary

Method: automatic error localisation, standard imputation and consistent imputation.

Hardware used: Pentium IV, 1.5 GHz, 256 MB RAM. 

Software used: a prototype version of Cherry Pie and EC System, S-plus and Excel. Programs run under Windows 2000. 

Test scope: editing and imputation.

2.2.2.2 Edit criteria

Automatic error localisation for the EPE data was only done for the 54 continuous component and total variables as specified in the balance edit rules. 

The editing strategy to be applied to the 1039 records consists of the following steps:

1) Run Cherry Pie using only the balance edit rules. For records with several solutions, an optimal solution is selected randomly. The same reliability weights were assigned to all variables.

2) Split up the data set for very erroneous records and repeat step 1) for the two sets of half the edit rules.

No statistical checks were applied. The logical checks consist of the analysis of the descriptives. No values out of value range (e.g. negative values) were detected. Furthermore, we analysed the boolean variables netinv, curexp, subsid and receipts. These variables are related to respectively totinvto, totexpto, subtot and rectot in such a way that when a total value is zero, the respective boolean variable should be zero as well. When the total variable has a positive value, the boolean should have the value one. Logical checks on these variables showed that the booleans often had incorrect values. Also the variable exp93 has a logical connection to the booleans netinv and curexp. Here, we found a lot of inconsistencies as well. It was decided from the development experiments to change incorrect values for the boolean variables and exp93 after the imputation phase on the basis of the total variables.

From the automatic error localisation using only the balance edits, 661 records were considered consistent and 378 records were found to be inconsistent. From the development experiments it was concluded that the majority of the errors were made in the boolean variables, but these variables are taken into account after the consistent imputation phase. In Table 2.3 the number of values to be imputed for all continuous variables can be found.

Table 2.3: Number of values to be imputed for all continuous variables (EPE)

	eopinvwp
	eopinvwm
	eopinvap
	eopinvnp
	pininvwp
	pininvwm
	pininvap
	pininvnp
	othinvwp

	59
	51
	53
	37
	65
	59
	50
	32
	19

	othinvwm
	othinvap
	othinvnp
	totinvwp
	totinvwm
	totinvap
	totinvnp
	eopinvot
	eopinvtot

	30
	23
	14
	50
	59
	53
	34
	23
	69

	pininvot
	pininvtot
	othinvot
	othinvtot
	totinvot
	totinvto
	curexpwp
	curexpwm
	curexpap

	15
	66
	26
	35
	32
	95
	122
	165
	102

	curexpnp
	curexpot
	curexptot
	taxexpwp
	taxexpwm
	taxexpap
	taxexpnp
	taxexpot
	taxexptot

	27
	61
	8
	58
	70
	14
	3
	9
	11

	totexpwp
	totexpwm
	totexpap
	totexpnp
	totexpot
	totexpto
	subwp
	subwm
	subap

	89
	119
	73
	25
	46
	190
	0
	1
	0

	subnp
	subot
	subtot
	recwp
	recwm
	recap
	recnp
	recot
	rectot

	0
	0
	2
	3
	61
	7
	0
	5
	42


The automatic editing for all variables and the variables with a lot of errors together takes a day.

2.2.2.3 Edit rules

Two types of edit rules were used in the automatic error localisation phase. First, we used the 21 balance edits of the form

[ 1 * totinvwp +  -1 * einvwp + -1 * pinvwp + -1 * oinvwp = 0 ]

Second, for each continuous variable (54) an edit rule of the form

[ 1 * einvwp >= 0 ]

was added to prevent Cherry Pie from choosing variables in its solution for which a negative value should be imputed.

Localisation criteria: the maximum number of errors to be detected per record was fixed on seven for the same theoretical and practical reasons mentioned earlier. The few records that required more changes were edited in two steps: first, with only the balance edits related to investments and, second, with all other balance edits. The solutions were combined.

No outlier detection method was applied to this data set. The specification of the edit rules takes less than a day.
2.2.2.4 Imputation

Again we largely adopted the (standard and consistent) imputation methods for this specific data set from the WP 5.1 development and evaluation experiments. We refer to the to the imputation evaluation chapter of the EPE data for a detailed description of those methods (Pannekoek, 2002b). 

The logical checks showed us that a lot of errors were presents in the boolean variables. We said that the boolean variables would be recalculated. An additional steps is therefore added to the imputation process described in WP 5.1. On the basis of a zero or non-zero value of the total variable (totintvo, totexpto, subtot or rectot) the value 0 or 1 for the related boolean value (netinv, curexp, subsid or receipts) was deduced. And, on the basis of netinv and curexp we were able to check the correctness of the value on exp93; if netinv and curexp have a value 0, exp93 must be 2 or 3, otherwise exp93 must have a value 1 or 3. All in all, we changed the value of exp93 only 7 times. The value of netinv, curexp, subsid and receipts was modified respectively 591, 457, 447 and 449 times. 

2.2.2.5 Results

Results for the EPE data are discussed for the continuous variables totinvto, totexpto, subtot and rectot and the categorical variables exp93, netinv, curexp, subsid and receipts. All evaluation statistics for the component variables can be found in Appendices E to G.

In Table 2.4, the error localisation and imputation criteria for the continuous variables are presented. The alpha’s range from 0,500 to 1, thus half to no errors are detected. The beta’s are small or even zero and the delta’s have values somewhere in between. We must notice that very few errors are present in the variables. So, an alpha of one for subtot or rectot signifies that the only error in this variable has not been detected. 

Imputation of the missings and values set to missing in the error localisation phase appear to be quite reasonable. The dL1 and m_1 show that  the predictions on record and aggregate level are good. The distributional accuracy varies considerably between the four variables. The variables with the largest K-S values are characterised by a low number of fields to be imputed, i.e. subtot (2) and rectot (42). As we concluded for the ABI data, these imputation evaluation results are difficult to interpret because the effects of the error localisation results on the criteria are unknown.


Table 2.4: Error localisation and imputation evaluation results for four variables of the EPE

	 
	 
	totinvto
	totexpto
	subtot
	rectot

	nr of errors / missings
	
	12 / 90
	14 / 175
	1 / 2
	1 / 42

	error detection
	alpha
	0,833
	0,500
	1,000
	1,000

	error detection
	beta 
	0,003
	0,009
	0,000
	0,000

	error detection
	delta
	0,014
	0,017
	0,001
	0,001

	predictive accuracy
	dL1  
	52,144
	30,715
	25,013
	20,734

	distributional accuracy
	K-S
	0,179
	0,063
	0,500
	0,357

	preservation of aggregates
	m_1  
	41,469
	21,433
	25,013
	11,700


In Table 2.5 the error localisation results for the categorical variables are presented. We changed a lot of fields from the boolean variables and very often this was a correct decision. All error reduction measures are small, so this post hoc error localisation and imputation step worked good. The imputation of these categorical variables is deterministic; when a value is considered incorrect, only one other value can be imputed. Therefore, the quality of the imputations can be read from the number of changes and incorrect judgements.

Table 2.5: Error localisation evaluation results for the booleans and exp93
	 
	exp93
	netinv
	curexp
	subsid
	receipts

	nr of values changed
	7
	591
	457
	447
	449

	nr of incorrect judgements
	4
	6
	11
	1
	5

	alpha
	0
	0,002
	0,002
	0,002
	0,002

	beta
	0,004
	0,011
	0,017
	0
	0,007

	delta
	0,004
	0,006
	0,011
	0,001
	0,005


2.2.2.6 Strengths and weaknesses of this method

The strategy used for the editing and imputation of the EPE data is quite straightforward. This makes it easy to understand and apply and it requires far less human intervention than for the ABI data. The problem of sensitivity of some edit rules does not occur in the EPE data. Only balance edits are used and each edit failure points to a real error in that record. 

Most errors were made in the boolean variables. The deduction of these values after imputation was strikingly successful. In case such logical edits apply to different variables, this kind of editing, where error localisation and imputation are done in one step, can be quite useful. Not all edit rules are satisfied after imputation. Our prototype consistent imputation program, EC-system, functioned as it should and made all records satisfy all (balance) edits. 

The error localisation results does not give us reliable information on the quality of the method because few errors are present in the data. The results of the imputations seem rather good. For an idea of the results of the imputation isolated from the error localisation, we again refer to the evaluation chapter on the imputation methods.

3 
Conclusion

The standard editing and imputation methods, as applied to the EPE and ABI data sets, were quite successful. The development experiments showed that a specific strategy for each data set is required. For the ABI data it appeared of great importance to discover the systematic errors prior to the automatic error localisation. And, for this data set no consistent imputation was needed after the regular imputation, because imputation did not lead to the violation of edit rules. For the EPE data we decided that detection of systematic errors was neither possible nor needed. Here, consistent imputation was needed because of inconsistent records after the imputation phase. Also in the automatic error localisation, we varied in strategy. For the ABI data we used two different sets of edit rules, which influenced the results strongly. And for both data sets we developed a way of selecting an optimal solution from the ones generated by Cherry Pie. Another adjustment to the standard methods could be found in the treatment of the boolean variables in the EPE data. A lot of errors were made in these variables and by deducing them after all editing and imputation steps were taken, almost all errors were correctly modified. Also the imputation strategies, as developed for WP 5.1 were dependent upon characteristics of the data set, such as the types of variables, the amount of zeroes, etcetera. In short, for each data set the edit and imputation results after applying the standard methods can be greatly improved by the development of an specially adapted strategy.

In terms of human resources, this development of a specific strategy is far more time-consuming than a more definite method. And, the required level of knowledge and skills gets higher. Running the programs Cherry Pie and EC System is relatively easy, but setting up the edit rules, deciding on the imputation strategy, detecting the systematic errors and selecting an optimal solution, all requires a high level of knowledge.

As regarding the prototype software for automatic error localisation (Cherry Pie) and consistent imputation (EC System), the experiments were promising. Both programs are easy to use and the output is easy to interpret. The algorithms seem to work fine on both continuous and categorical data. Things to be improved in Cherry Pie are the maximum number of fields to be imputed (it is optional now, but the program fails when the number is too large), the facility of choosing a maximum number of fields separate for missing values and errors (is possible in the latest version), and a (number of) selection principle(s) for choosing an optimal solution from the ones generated by Cherry Pie. 

The process of finding a satisfying strategy could be improved in several ways. Research directed at the detection of systematic errors by using for example, results from previous years or registered variables, would increase the quality of the error localisation. Furthermore, it seems that the quality of the edit rules is of crucial importance for the automatic error localisation. Therefore, the precise influence of different sets of edit rules on the quality of the automatic error localisation should be analysed. Also, the selection of an optimal solution was rather ad hoc in our experiments. Next to the use of reliability weights, more ways should be available to choose the most plausible solution. 
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Appendix A: Error localisation evaluation statistics for the ABI data, strategy I

Results for alpha, beta, delta, RAE, RRASE, RER, tj, AREm1, and AREm2
	 
	alpha
	beta 
	delta
	RAE  
	RRASE
	RER  
	tj
	AREm1
	AREm2

	turnover
	0,529
	0,055
	0,096
	0,004
	0,001
	47,797
	0,027
	0,037
	0,098

	empwag
	0,384
	0,066
	0,075
	0,239
	0,058
	16852,850
	1,411
	0,274
	0,245

	empni
	0,252
	0,069
	0,073
	-0,737
	-0,135
	654,300
	0,508
	0,809
	0,016

	empens
	0,231
	0,013
	0,016
	-0,219
	-0,039
	1223,889
	0,859
	0,109
	0,747

	empred
	0,229
	0,001
	0,005
	-0,152
	-0,007
	89,111
	3,481
	0,106
	0,460

	emptotc
	0,378
	0,274
	0,284
	0,136
	0,018
	1251,353
	1,091
	0,636
	0,023

	puren
	0,627
	0,005
	0,026
	-12,857
	-6,091
	12267,545
	1,554
	9,528
	0,803

	purcoth
	0,516
	0,023
	0,037
	0,121
	0,007
	360,333
	0,295
	1,146
	0,895

	puresale
	0,682
	0,008
	0,099
	0,590
	0,129
	20681,527
	3,949
	0,640
	1,204

	purhire
	0,444
	0,004
	0,013
	-0,211
	-0,015
	669,556
	0,957
	0,177
	0,024

	purins
	0,548
	0,009
	0,025
	-0,336
	-0,106
	6289,300
	8,168
	0,301
	11,493

	purtrans
	0,372
	0,012
	0,019
	-0,061
	0,183
	11118,889
	-0,066
	1,388
	0,909

	purtele
	0,588
	0,007
	0,025
	-0,423
	-0,163
	10201,100
	11,747
	0,383
	36,484

	purcomp
	0,444
	0,002
	0,012
	-0,226
	-0,012
	104,667
	1,379
	0,029
	0,651

	puradv
	0,512
	0,005
	0,018
	0,652
	0,245
	10996,444
	1,562
	0,497
	0,517

	purothse
	0,654
	0,028
	0,057
	0,951
	0,470
	172078,643
	6,853
	0,855
	17,735

	purothal
	0,707
	0,003
	0,069
	1,197
	0,125
	6410,057
	9,365
	1,261
	44,063

	purtot
	0,696
	0,016
	0,117
	0,647
	0,139
	22032,330
	4,664
	0,707
	1,612

	taxrates
	0,585
	0,004
	0,027
	-0,118
	0,075
	4587,364
	-0,382
	0,253
	0,266

	taxothe
	0,589
	0,000
	0,023
	-0,356
	-0,079
	5212,000
	5,284
	0,332
	3,291

	taxtot
	0,569
	0,045
	0,107
	0,120
	0,009
	1335,250
	1,139
	0,208
	0,126

	stockbeg
	0,599
	0,002
	0,059
	0,005
	0,014
	2658,776
	0,059
	0,000
	0,041

	stockend
	0,589
	0,002
	0,059
	0,035
	0,005
	650,022
	0,421
	0,036
	0,004

	assacq
	0,630
	0,001
	0,049
	0,009
	0,002
	447,762
	0,046
	0,014
	0,022

	assdisp
	0,619
	0,001
	0,038
	0,466
	0,049
	1588,667
	0,500
	0,659
	0,939

	capwork
	0,559
	0,001
	0,009
	-0,122
	-0,006
	
	11,684
	0,102
	0,068

	employ
	0,678
	0,133
	0,159
	0,001
	0,000
	13,214
	0,007
	0,149
	0,225



Appendix B: Imputation evaluation statistics for the ABI data, strategy I

Results for Slope, t-val, mse, R2, dL1, dL2 and dLinf
	 
	Slope
	t-val
	mse  
	R^2  
	dL1  
	dL2  
	dLinf

	turnover
	0,995
	-25,867
	521123364,440
	0,960
	428,429
	3769,129
	8877,746

	empwag
	0,076
	-2076,558
	331552181,457
	0,940
	111,480
	795,409
	376,389

	empni
	0,013
	-5194,929
	3207009,751
	0,853
	29,456
	123,337
	116,868

	empens
	0,816
	-9222,023
	416407,471
	0,996
	28,575
	445,605
	892,938

	empred
	0,033
	-7950321,958
	9466041,676
	0,007
	48,629
	1400,467
	1956,039

	emptotc
	0,236
	-2319,374
	793005978,682
	0,804
	59,392
	2834,486
	7483,527

	puren
	0,220
	-1701,609
	2105951,333
	0,559
	35,710
	354,006
	395,629

	purcoth
	0,434
	-6523,762
	122852203,042
	0,630
	244,677
	4409,970
	9015,870

	puresale
	0,939
	-214,735
	16221450000,000
	0,728
	774,403
	23977,898
	33865,999

	purhire
	0,001
	-1501099327,846
	81687,133
	0,046
	410,289
	13796,340
	16365,006

	purins
	0,002
	-9813,530
	151038,825
	0,020
	77,958
	821,185
	1346,902

	purtrans
	0,001
	-207135,373
	1187338927,088
	0,003
	270,950
	6547,336
	9753,379

	purtele
	0,001
	-17421,603
	336094,738
	0,036
	86,196
	535,108
	563,471

	purcomp
	0,205
	-2371903,705
	3605053,054
	0,952
	200,894
	6668,212
	10823,765

	puradv
	0,021
	-91324,949
	3219404,254
	0,290
	268,707
	3029,208
	4319,806

	purothse
	0,017
	-99817,886
	243866409,302
	0,149
	231,642
	7515,643
	18962,064

	purothal
	0,000
	-21322,110
	754538,725
	0,002
	482,988
	5101,434
	1856,998

	purtot
	0,055
	-1488,599
	5206651545,335
	0,072
	858,101
	51677,969
	147501,934

	taxrates
	1,000
	2,161
	281124,033
	0,992
	6,637
	97,920
	134,782

	taxothe
	0,021
	-16693,046
	532959,007
	0,779
	6,704
	74,219
	82,723

	taxtot
	0,663
	-180,836
	361717,287
	0,960
	7,921
	50,113
	95,148

	stockbeg
	1,000
	0,077
	5840783,191
	0,977
	30,360
	415,466
	877,449

	stockend
	1,000
	-1,095
	1570120,195
	0,993
	25,901
	212,945
	266,326

	assacq
	1,000
	-0,781
	3665601,603
	0,967
	36,189
	328,537
	118,825

	assdisp
	1,000
	1,475
	441218058,533
	0,449
	66,080
	3615,843
	7327,482

	capwork
	0,002
	-15455,727
	1599298,669
	0,048
	19,395
	261,141
	264,160

	employ
	0,898
	-40,317
	27628,988
	0,491
	3,331
	24,800
	79,219



Appendix B (continued)

Results for K-S, K-S_1, K-S_2, m_1, m_2, and MSE
	 
	K-S  
	K-S_1
	K-S_2
	m_1  
	m_2  
	MSE

	turnover
	0,079
	0,001
	0,000
	169,395
	28528258,009
	

	empwag
	0,531
	0,002
	0,000
	108,387
	642615,582
	

	empni
	0,407
	0,002
	0,000
	25,627
	8579,641
	

	empens
	0,329
	0,005
	0,000
	26,012
	1875584,223
	116,399

	empred
	0,667
	0,004
	0,000
	21,909
	1435546,552
	9,790

	emptotc
	0,469
	0,000
	0,000
	56,681
	10434117,264
	

	puren
	0,152
	0,019
	0,001
	25,419
	144920,652
	

	purcoth
	0,180
	0,002
	0,000
	8,740
	31809466,881
	

	puresale
	0,059
	0,002
	0,000
	702,260
	576457525,749
	

	purhire
	0,373
	0,001
	0,000
	408,269
	190645755,666
	1900,935

	purins
	0,248
	0,008
	0,000
	76,529
	680952,140
	

	purtrans
	0,391
	0,007
	0,000
	53,579
	39297077,662
	207,784

	purtele
	0,197
	0,010
	0,000
	81,637
	285548,689
	

	purcomp
	0,402
	0,000
	0,000
	198,115
	66096445,962
	363,900

	puradv
	0,181
	0,008
	0,000
	249,098
	10217988,848
	1177,143

	purothse
	0,394
	0,001
	0,000
	195,057
	57682434,302
	

	purothal
	0,101
	0,002
	0,000
	475,916
	26049848,963
	

	purtot
	0,075
	0,001
	0,000
	834,123
	2703903146,776
	

	taxrates
	0,159
	0,006
	0,000
	0,771
	41002,374
	

	taxothe
	0,559
	0,011
	0,000
	5,724
	5680,335
	

	taxtot
	0,544
	0,002
	0,000
	5,943
	64,469
	

	stockbeg
	0,101
	0,003
	0,000
	14,005
	671172,645
	

	stockend
	0,103
	0,003
	0,000
	3,133
	33435,131
	

	assacq
	0,126
	0,004
	0,000
	29,567
	105906,660
	

	assdisp
	0,343
	0,000
	0,000
	60,964
	14076249,255
	

	capwork
	0,564
	0,034
	0,003
	18,062
	68625,101
	0,741

	employ
	0,256
	0,001
	0,000
	0,973
	798,509
	 



Appendix C: Error localisation evaluation statistics for the ABI data, strategy II

Results for alpha, beta, delta, RAE, RRASE, RER, tj, AREm1, and AREm2
	 
	alpha
	beta 
	delta
	RAE  
	RRASE
	RER  
	tj
	AREm1
	AREm2

	turnover
	0,628
	0,000
	0,054
	0,011
	0,003
	545,497
	0,082
	0,012
	0,028

	empwag
	0,528
	0,001
	0,014
	0,367
	0,070
	18173,050
	2,163
	0,323
	0,221

	Empni
	0,476
	0,000
	0,012
	-5,740
	-0,799
	3461,600
	3,951
	5,118
	0,383

	empens
	0,298
	0,001
	0,006
	-0,349
	-0,043
	1223,889
	1,365
	0,046
	0,741

	empred
	0,219
	0,001
	0,004
	-0,152
	-0,007
	89,111
	3,481
	0,107
	0,461

	emptotc
	0,613
	0,001
	0,059
	0,523
	0,061
	2771,743
	4,195
	0,458
	0,021

	puren
	0,632
	0,000
	0,022
	-12,370
	-6,078
	12267,545
	1,495
	10,525
	0,798

	purcoth
	0,565
	0,001
	0,018
	0,117
	0,008
	360,333
	0,284
	0,073
	0,010

	puresale
	0,674
	0,008
	0,098
	0,586
	0,129
	20966,142
	3,920
	0,653
	1,220

	purhire
	0,436
	0,002
	0,011
	-0,211
	-0,015
	669,556
	0,958
	0,180
	0,020

	purins
	0,559
	0,000
	0,017
	-0,335
	-0,106
	6293,900
	8,151
	0,309
	11,426

	purtrans
	0,388
	0,001
	0,009
	-0,062
	0,183
	11118,889
	-0,067
	0,836
	0,572

	purtele
	0,593
	0,000
	0,019
	-0,423
	-0,163
	10201,100
	11,736
	0,401
	36,285

	purcomp
	0,459
	0,000
	0,010
	-0,226
	-0,012
	104,667
	1,380
	0,055
	0,646

	puradv
	0,524
	0,000
	0,014
	0,652
	0,245
	10996,444
	1,563
	0,565
	0,516

	purothse
	0,736
	0,000
	0,035
	0,884
	0,470
	172078,643
	6,367
	0,852
	17,305

	purothal
	0,742
	0,001
	0,071
	1,199
	0,125
	6410,057
	9,379
	1,250
	43,708

	purtot
	0,708
	0,006
	0,111
	0,898
	0,260
	47675,438
	6,475
	0,964
	5,452

	taxrates
	0,654
	0,002
	0,027
	0,443
	0,111
	7243,364
	1,432
	0,372
	0,184

	taxothe
	0,647
	0,000
	0,025
	-0,642
	-0,093
	5212,000
	9,520
	0,624
	4,124

	taxtot
	0,679
	0,001
	0,082
	0,657
	0,034
	2365,333
	6,224
	0,690
	0,197

	stockbeg
	0,636
	0,001
	0,062
	0,311
	0,107
	21341,953
	3,665
	0,324
	2,442

	stockend
	0,636
	0,001
	0,062
	0,465
	0,100
	17430,044
	5,553
	0,487
	2,307

	assacq
	0,662
	0,000
	0,050
	0,145
	0,063
	18812,286
	0,735
	0,128
	0,180

	assdisp
	0,651
	0,001
	0,040
	1,050
	0,054
	1588,667
	1,126
	0,022
	0,938

	capwork
	0,559
	0,001
	0,009
	-0,122
	-0,006
	
	11,684
	0,102
	0,068

	employ
	1,000
	0,000
	0,048
	0,027
	0,002
	225,000
	0,247
	0,035
	0,008



Appendix D: Imputation evaluation statistics for the ABI data, strategy II

Results for Slope, t-val, mse, R2, dL1, dL2 and dLinf
	 
	Slope
	t-val
	mse  
	R^2  
	dL1  
	dL2  
	dLinf

	turnover
	1,000
	-0,360
	17311673,235
	0,999
	74,809
	713,914
	896,012

	empwag
	0,002
	-5811,494
	2188575326,803
	0,568
	572,140
	7611,369
	3610,358

	empni
	1,000
	-0,890
	13706,604
	0,999
	1,146
	21,940
	31,105

	empens
	0,816
	-65846,398
	498147,883
	0,998
	16,831
	612,213
	922,906

	empred
	0,012
	-54380517,154
	9893792,927
	0,006
	106,036
	3839,790
	5796,779

	emptotc
	0,890
	-15006,806
	12271752,907
	0,999
	42,498
	1946,033
	4621,751

	puren
	0,000
	-62255,241
	3351734,796
	0,001
	486,981
	9333,771
	7212,701

	purcoth
	0,003
	-984789,175
	2516439,141
	0,453
	2454,285
	99636,048
	156859,587

	puresale
	0,761
	-341,999
	12952300000,000
	0,728
	682,286
	22596,403
	30925,134

	purhire
	0,003
	-87991547,494
	180160,994
	0,037
	165,665
	3985,208
	5838,590

	purins
	0,000
	-463028,275
	227903,284
	0,002
	687,327
	26282,835
	41486,629

	purtrans
	0,000
	-19039374,632
	1153838239,128
	0,000
	976,538
	20387,202
	23030,249

	purtele
	0,001
	-246394,782
	247461,317
	0,002
	269,414
	7181,626
	11269,864

	purcomp
	0,205
	-2371902,684
	3134087,470
	0,963
	219,816
	7163,393
	10986,346

	puradv
	0,001
	-1025398,747
	2545821,364
	0,036
	1666,966
	60285,289
	94734,522

	purothse
	0,001
	-744080,973
	286682591,164
	0,006
	9925,470
	393201,132
	606533,465

	purothal
	0,224
	-472,098
	572668,576
	0,412
	38,495
	193,497
	91,977

	purtot
	0,961
	-126,361
	675488868,705
	0,901
	331,297
	4594,305
	5449,728

	taxrates
	1,000
	1,282
	12199436,826
	0,559
	20,018
	642,027
	1012,067

	taxothe
	0,002
	-428981,464
	637852,394
	0,002
	52,492
	1086,769
	1341,089

	taxtot
	0,002
	-9115,649
	5333666,363
	0,199
	40,253
	732,800
	947,717

	stockbeg
	0,001
	-17472,493
	260326770,666
	0,230
	190,970
	5033,529
	5660,254

	stockend
	1,000
	-1,893
	2499042,089
	0,990
	27,564
	271,776
	272,652

	assacq
	1,000
	-0,775
	3795421,916
	0,969
	33,915
	333,869
	118,557

	assdisp
	1,000
	1,569
	472367341,414
	0,449
	71,084
	3815,657
	7624,346

	capwork
	0,002
	-15455,727
	1599298,669
	0,048
	19,395
	261,141
	264,160

	employ
	0,578
	-81,461
	2082,679
	0,728
	2,656
	8,782
	4,844



Appendix D (continued)

Results for K-S, K-S_1, K-S_2, m_1, m_2, and MSE
	 
	K-S  
	K-S_1
	K-S_2
	m_1  
	m_2  
	MSE

	turnover
	0,039
	0,004
	0,000
	55,513
	687506,794
	

	empwag
	0,077
	0,010
	0,000
	570,515
	58051481,436
	68067,392

	empni
	0,176
	0,011
	0,000
	0,902
	903,811
	84,693

	empens
	0,506
	0,009
	0,000
	16,781
	3685390,249
	49,030

	empred
	0,685
	0,002
	0,000
	77,353
	14391946,931
	51,189

	emptotc
	0,118
	0,003
	0,000
	36,293
	64602172,787
	

	puren
	0,137
	0,001
	0,000
	485,360
	87128815,079
	

	purcoth
	0,291
	0,000
	0,000
	2453,530
	9981577415,212
	2858993,611

	puresale
	0,057
	0,001
	0,000
	632,132
	511648267,999
	

	purhire
	0,413
	0,005
	0,000
	165,299
	15999194,071
	123,752

	purins
	0,218
	0,000
	0,000
	686,461
	690974221,491
	9837,634

	purtrans
	0,320
	0,010
	0,000
	663,060
	333458492,576
	1946,363

	purtele
	0,214
	0,000
	0,000
	268,110
	51628155,652
	1254,533

	purcomp
	0,430
	0,001
	0,000
	219,634
	76561089,163
	329,151

	puradv
	0,237
	0,000
	0,000
	1661,792
	3641454077,777
	36553,009

	purothse
	0,158
	0,000
	0,000
	9883,204
	154789500000,000
	

	purothal
	0,084
	0,008
	0,000
	25,769
	40559,000
	

	purtot
	0,077
	0,004
	0,000
	306,743
	21512654,102
	

	taxrates
	0,131
	0,009
	0,000
	15,692
	540522,824
	

	taxothe
	0,573
	0,012
	0,000
	46,351
	1146482,670
	

	taxtot
	0,206
	0,004
	0,000
	36,172
	516062,218
	

	stockbeg
	0,133
	0,004
	0,000
	177,214
	25156451,860
	

	stockend
	0,145
	0,004
	0,000
	15,893
	47668,211
	

	assacq
	0,154
	0,004
	0,000
	27,670
	109460,905
	

	assdisp
	0,357
	0,000
	0,000
	65,439
	15675016,868
	

	capwork
	0,564
	0,034
	0,003
	18,062
	68625,101
	0,741

	employ
	0,450
	0,013
	0,001
	2,004
	104,238
	 



Appendix E: Evaluation statistics for the boolean variables and exp93 of the EPE data

Results for alpha, beta, delta, Dcat, tj, W, D, Eps
	 
	alpha
	beta 
	delta
	Dcat 
	tj
	W    
	D    
	Eps 

	exp93
	0
	0,004
	0,004
	0
	0
	5
	0,714
	0,310

	netinv
	0,002
	0,011
	0,006
	0,002
	0,004
	5
	0,008
	0

	curexp
	0,002
	0,017
	0,011
	0,002
	0,003
	10
	0,022
	0

	subsid
	0,002
	0
	0,001
	0,173
	1,811
	0
	0
	0

	receipts
	0,002
	0,007
	0,005
	0,002
	0,011
	4
	0,009
	0



Appendix F: Error localisation evaluation statistics for the EPE 

Results for alpha, beta, delta, RAE, RRASE, RER, tj, AREm1, and AREm2

	 
	alpha
	beta 
	delta
	RAE  
	RRASE
	RER  
	tj
	AREm1
	AREm2

	eopinvwp
	0,700
	0,001
	0,008
	-0,016
	0,010
	
	-0,065
	0,013
	0,107

	eopinvwm
	0,667
	0,000
	0,004
	0,039
	0,023
	
	0,098
	0,069
	0,042

	eopinvap
	0,636
	0,000
	0,007
	0,230
	0,172
	
	0,585
	0,273
	5,819

	eopinvnp
	1,000
	0,001
	0,003
	0,211
	0,134
	
	0,599
	0,236
	1,623

	pininvwp
	0,750
	0,002
	0,008
	0,197
	0,100
	
	0,771
	0,251
	2,494

	pininvwm
	0,750
	0,004
	0,010
	0,008
	0,023
	
	0,032
	0,048
	0,119

	pininvap
	1,000
	0,002
	0,006
	0,032
	0,028
	
	0,122
	0,062
	0,119

	pininvnp
	1,000
	0,001
	0,003
	0,581
	0,304
	
	1,667
	0,622
	16,125

	othinvwp
	1,000
	0,001
	0,003
	-0,007
	0,003
	
	-0,015
	0,001
	0,008

	othinvwm
	1,000
	0,001
	0,006
	-0,073
	0,010
	
	-0,125
	0,057
	0,014

	othinvap
	1,000
	0,001
	0,007
	0,326
	0,184
	
	0,897
	0,349
	3,488

	othinvnp
	0,667
	0,000
	0,002
	-0,025
	0,013
	
	-0,048
	0,083
	0,036

	totinvwp
	1,000
	0,001
	0,006
	0,074
	0,035
	3177,000
	0,399
	0,108
	0,432

	totinvwm
	0,625
	0,001
	0,006
	0,034
	0,016
	
	0,115
	0,012
	0,067

	totinvap
	1,000
	0,000
	0,006
	0,688
	0,341
	17576,200
	2,491
	0,771
	39,432

	totinvnp
	1,000
	0,001
	0,006
	0,306
	0,143
	
	1,284
	0,358
	4,218

	eopinvot
	0,000
	0,004
	0,004
	0,000
	0,000
	
	0,000
	0,041
	0,069

	eopinvtot
	0,667
	0,002
	0,016
	0,505
	0,259
	8218,455
	1,780
	0,546
	13,109

	pininvot
	1,000
	0,000
	0,001
	-0,001
	0,001
	
	-0,002
	0,008
	0,009

	pininvtot
	0,750
	0,003
	0,015
	0,350
	0,157
	9258,000
	1,783
	0,421
	7,493

	othinvot
	0,857
	0,000
	0,006
	-0,460
	0,309
	
	-0,913
	0,459
	0,932

	othinvtot
	0,875
	0,001
	0,015
	-0,058
	0,108
	
	-0,225
	0,050
	0,410

	totinvot
	0,500
	0,000
	0,001
	-0,001
	0,001
	
	-0,005
	0,009
	0,013

	totinvto
	0,833
	0,003
	0,014
	0,430
	0,169
	1399,254
	2,144
	0,524
	9,624

	curexpwp
	0,909
	0,002
	0,013
	0,008
	0,009
	254,000
	0,036
	0,059
	0,068

	curexpwm
	0,895
	0,001
	0,021
	-0,013
	0,004
	38,333
	-0,072
	0,105
	0,115

	curexpap
	0,909
	0,000
	0,011
	0,073
	0,047
	
	0,403
	0,137
	0,309

	curexpnp
	1,000
	0,000
	0,006
	-0,032
	0,058
	
	-0,114
	0,019
	0,054

	curexpot
	0,750
	0,000
	0,006
	-0,043
	0,016
	
	-0,065
	0,020
	0,018

	curexptot
	0,857
	0,003
	0,032
	0,045
	0,015
	108,175
	0,217
	0,044
	0,040

	taxexpwp
	0,556
	0,001
	0,006
	0,005
	0,013
	283,500
	0,029
	0,041
	0,083

	taxexpwm
	1,000
	0,005
	0,013
	0,674
	0,295
	
	3,948
	0,794
	50,642

	taxexpap
	1,000
	0,005
	0,006
	-0,175
	0,052
	
	-0,548
	0,228
	0,318

	taxexpnp
	0,000
	0,002
	0,002
	0,000
	0,000
	
	0,000
	0,001
	0,001

	taxexpot
	0,667
	0,001
	0,003
	-0,261
	0,071
	
	-0,538
	0,264
	0,397

	taxexptot
	0,706
	0,006
	0,017
	0,051
	0,041
	405,600
	0,368
	0,040
	0,871

	totexpwp
	1,000
	0,002
	0,011
	0,007
	0,008
	96,200
	0,043
	0,055
	0,058

	totexpwm
	0,875
	0,000
	0,008
	0,154
	0,067
	326,700
	1,013
	0,261
	3,550

	totexpap
	1,000
	0,001
	0,008
	0,094
	0,044
	
	0,528
	0,138
	0,306

	totexpnp
	1,000
	0,000
	0,001
	0,062
	0,042
	
	0,227
	0,076
	0,260

	totexpot
	1,000
	0,001
	0,004
	-0,004
	0,001
	
	-0,006
	0,005
	0,010

	totexpto
	0,500
	0,009
	0,017
	0,024
	0,013
	63,745
	0,133
	0,107
	0,092


Appendix F (continued)
Results for alpha, beta, delta, RAE, RRASE, RER, tj, AREm1, and AREm2

	 
	alpha
	beta 
	delta
	RAE  
	RRASE
	RER  
	tj
	AREm1
	AREm2

	subwp
	0,000
	0,000
	0,000
	
	
	
	
	
	

	subwm
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,000
	0,000

	subap
	1,000
	0,000
	0,001
	6,305
	0,471
	
	10,976
	6,305
	1,280

	subnp
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,000
	0,000

	subot
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,000
	0,000

	subtot
	1,000
	0,000
	0,001
	4,885
	0,365
	
	10,424
	4,887
	1,261

	recwp
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,001
	0,001

	recwm
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,027
	0,027

	recap
	1,000
	0,000
	0,001
	0,224
	0,151
	
	0,412
	0,226
	0,150

	recnp
	0,000
	0,000
	0,000
	
	
	
	
	
	

	recot
	0,000
	0,000
	0,000
	0,000
	0,000
	
	0,000
	0,004
	0,004

	rectot
	1,000
	0,000
	0,001
	0,012
	0,008
	 
	0,051
	0,025
	0,021



Appendix G: Imputation evaluation statistics for the EPE data

Results for Slope, t-val, mse, R2, dL1, dL2 and dLinf
	 
	Slope
	t-val
	mse  
	R^2  
	dL1  
	dL2  
	dLinf

	eopinvwp
	0,942
	-13,735
	118263,655
	0,630
	22,742
	98,095
	132,487

	eopinvwm
	0,992
	-5,075
	12115,166
	0,690
	8,155
	33,090
	32,146

	eopinvap
	0,001
	-1747,139
	872840,792
	0,003
	340,143
	5014,847
	7586,581

	eopinvnp
	
	
	
	
	13,616
	25,023
	20,974

	pininvwp
	0,978
	-7,393
	15473,522
	0,864
	13,455
	36,407
	33,664

	pininvwm
	0,001
	-1317,552
	77824,057
	0,001
	91,874
	1054,996
	1153,982

	pininvap
	0,670
	-24,716
	650440,694
	0,088
	45,858
	251,495
	387,689

	pininvnp
	0,997
	-1,746
	8482,779
	0,649
	10,342
	22,151
	11,924

	othinvwp
	0,492
	-47,221
	1104,946
	0,879
	18,375
	37,635
	25,873

	othinvwm
	0,703
	-13,604
	4877,842
	0,878
	10,348
	19,755
	8,116

	othinvap
	0,872
	-5,239
	3536,457
	0,579
	5,681
	16,990
	9,602

	othinvnp
	
	
	
	
	23,323
	81,253
	82,122

	totinvwp
	0,860
	-5,381
	151272,099
	0,477
	35,628
	110,078
	141,864

	totinvwm
	0,002
	-1444,360
	131145,027
	0,002
	77,811
	933,902
	903,458

	totinvap
	0,834
	-7,909
	715645,096
	0,124
	40,034
	212,802
	250,526

	totinvnp
	0,342
	-9,190
	13426,559
	0,040
	15,009
	26,732
	10,040

	eopinvot
	0,019
	-236,608
	232662,149
	0,048
	163,311
	783,882
	1258,998

	eopinvtot
	0,814
	-12,742
	720739,986
	0,495
	69,674
	356,989
	642,745

	pininvot
	1,001
	0,217
	1206499,275
	0,185
	48,256
	328,956
	274,953

	pininvtot
	0,965
	-3,602
	809553,240
	0,221
	45,295
	243,906
	292,475

	othinvot
	0,999
	-5,496
	3895,629
	0,165
	9,638
	27,878
	26,730

	othinvtot
	0,586
	-39,857
	19960,610
	0,604
	24,066
	50,735
	33,019

	totinvot
	0,030
	-128,707
	601266,009
	0,008
	52,158
	305,465
	395,179

	totinvto
	1,019
	3,381
	690731,346
	0,374
	52,144
	238,325
	333,852

	curexpwp
	1,000
	-0,983
	19493,621
	0,975
	14,079
	47,438
	94,665

	curexpwm
	0,603
	-64,032
	13650,202
	0,639
	13,855
	49,062
	51,764

	curexpap
	0,292
	-75,364
	51814,587
	0,438
	27,084
	92,897
	71,298

	curexpnp
	0,836
	-6,649
	860,976
	0,359
	5,387
	10,626
	4,480

	curexpot
	0,964
	-5,653
	3924,893
	0,507
	12,097
	24,194
	21,282

	curexptot
	0,042
	-56,721
	33634,874
	0,042
	39,510
	190,059
	76,937

	taxexpwp
	0,999
	-1,084
	778,389
	0,959
	4,261
	8,146
	6,341

	taxexpwm
	0,948
	-17,611
	832,183
	0,936
	3,274
	7,399
	4,324

	taxexpap
	0,437
	-9,879
	566,660
	0,445
	6,045
	7,461
	2,624

	taxexpnp
	
	
	
	
	8,776
	11,963
	5,394

	taxexpot
	0,061
	-41,939
	293,444
	0,038
	15,203
	24,033
	11,029

	taxexptot
	0,001
	-2808,944
	45720,146
	0,003
	245,272
	1216,770
	671,167

	totexpwp
	0,975
	-4,222
	29691,297
	0,785
	20,897
	56,471
	89,539

	totexpwm
	0,483
	-86,516
	18533,039
	0,581
	19,813
	58,567
	48,254

	totexpap
	0,112
	-95,719
	46043,307
	0,097
	38,754
	111,405
	66,563

	totexpnp
	0,753
	-5,261
	1766,524
	0,200
	6,505
	14,189
	11,236

	totexpot
	0,611
	-10,364
	46726,275
	0,039
	21,697
	75,409
	100,250

	totexpto
	1,000
	-42,478
	1247820,396
	0,452
	30,715
	348,411
	731,812


Appendix G (continued)

Results for Slope, t-val, mse, R2, dL1, dL2 and dLinf
	 
	Slope
	t-val
	mse  
	R^2  
	dL1  
	dL2  
	dLinf

	subwp
	
	
	
	
	
	
	

	subwm
	
	
	
	
	52,110
	52,110
	34,740

	subap
	
	
	
	
	
	
	

	subnp
	
	
	
	
	
	
	

	subot
	
	
	
	
	
	
	

	subtot
	
	
	
	
	25,013
	36,103
	33,350

	recwp
	
	
	
	
	0,692
	1,177
	0,248

	recwm
	0,992
	-1,444
	7440,060
	0,635
	7,854
	31,585
	41,233

	recap
	0,999
	-0,154
	1664,542
	0,983
	12,848
	18,869
	11,229

	recnp
	
	
	
	
	
	
	

	recot
	1,000
	0,000
	7580,775
	0,532
	10,441
	22,046
	6,411

	rectot
	0,980
	-0,253
	11876,805
	0,126
	20,734
	48,611
	61,719



Appendix G (continued)

Results for K-S, K-S_1, K-S_2, m_1, m_2, and MSE
	 
	K-S  
	K-S_1
	K-S_2
	m_1  
	m_2  
	MSE

	eopinvwp
	0,271
	0,014
	0,001
	10,675
	10692,716
	3,421

	eopinvwm
	0,196
	0,013
	0,001
	0,963
	237,154
	47,849

	eopinvap
	0,151
	0,019
	0,000
	302,173
	25185322,870
	2074,132

	eopinvnp
	0,378
	0,035
	0,005
	12,356
	582,147
	0,565

	pininvwp
	0,185
	0,004
	0,000
	5,355
	877,110
	7,039

	pininvwm
	0,220
	0,001
	0,000
	68,788
	1107574,781
	99,525

	pininvap
	0,200
	0,014
	0,001
	26,025
	63966,533
	6,603

	pininvnp
	0,313
	0,014
	0,003
	8,256
	239,223
	1,249

	othinvwp
	0,158
	0,029
	0,002
	15,923
	3517,994
	1,290

	othinvwm
	0,300
	0,008
	0,001
	1,313
	283,616
	0,721

	othinvap
	0,217
	0,036
	0,004
	1,525
	68,128
	1,632

	othinvnp
	0,286
	0,070
	0,006
	22,020
	6547,343
	0,007

	totinvwp
	0,280
	0,014
	0,001
	6,827
	16924,071
	14,654

	totinvwm
	0,356
	0,001
	0,000
	52,516
	866253,173
	314,319

	totinvap
	0,321
	0,021
	0,002
	30,679
	46991,274
	4050,354

	totinvnp
	0,618
	0,090
	0,025
	12,876
	492,087
	2,553

	eopinvot
	0,261
	0,027
	0,003
	154,349
	615546,293
	5,222

	eopinvtot
	0,116
	0,004
	0,000
	9,144
	173608,984
	3349,350

	pininvot
	0,467
	0,066
	0,005
	47,079
	118616,424
	0,318

	pininvtot
	0,182
	0,033
	0,002
	27,732
	62113,646
	186,857

	othinvot
	0,385
	0,059
	0,010
	2,950
	109,145
	0,630

	othinvtot
	0,286
	0,022
	0,002
	5,223
	1285,394
	4,972

	totinvot
	0,406
	0,016
	0,001
	18,287
	59083,477
	5,636

	totinvto
	0,179
	0,030
	0,002
	41,469
	68531,940
	13954,680

	curexpwp
	0,131
	0,002
	0,000
	3,635
	3145,183
	27,579

	curexpwm
	0,067
	0,018
	0,001
	10,143
	3364,863
	31,707

	curexpap
	0,255
	0,009
	0,001
	9,536
	7114,002
	13,639

	curexpnp
	0,444
	0,082
	0,017
	2,623
	36,242
	0,009

	curexpot
	0,410
	0,075
	0,011
	5,162
	602,869
	3,791

	curexptot
	0,250
	0,046
	0,008
	35,953
	36385,371
	42,422

	taxexpwp
	0,138
	0,013
	0,000
	1,370
	126,956
	1,540

	taxexpwm
	0,114
	0,025
	0,001
	2,403
	109,275
	27,040

	taxexpap
	0,286
	0,070
	0,006
	2,791
	5,730
	0,005

	taxexpnp
	0,667
	0,167
	0,056
	6,558
	138,668
	0,000

	taxexpot
	0,222
	0,106
	0,021
	12,874
	582,681
	0,002

	taxexptot
	0,545
	0,011
	0,002
	245,230
	1483967,136
	16,343

	totexpwp
	0,146
	0,016
	0,001
	5,936
	4625,152
	50,782

	totexpwm
	0,126
	0,020
	0,001
	13,320
	4640,993
	224,411

	totexpap
	0,411
	0,033
	0,004
	8,950
	8131,129
	13,188

	totexpnp
	0,640
	0,050
	0,014
	3,832
	127,269
	0,009

	totexpot
	0,652
	0,043
	0,008
	14,115
	5635,748
	3,808

	totexpto
	0,063
	0,005
	0,000
	21,433
	106041,377
	70,461


Appendix G (continued)

Results for K-S, K-S_1, K-S_2, m_1, m_2, and MSE
	 
	K-S  
	K-S_1
	K-S_2
	m_1  
	m_2  
	MSE

	subwp
	
	
	
	
	
	0,000

	subwm
	
	
	
	
	
	0,001

	subap
	
	
	
	
	
	1,324

	subnp
	
	
	
	
	
	0,000

	subot
	
	
	
	
	
	0,001

	subtot
	0,500
	0,000
	0,000
	25,013
	1453,494
	1,335

	recwp
	0,333
	0,333
	0,111
	0,692
	1,384
	0,001

	recwm
	0,262
	0,037
	0,003
	3,152
	1022,917
	0,551

	recap
	0,571
	0,008
	0,002
	11,739
	325,463
	0,039

	recnp
	
	
	
	
	
	0,000

	recot
	0,600
	0,200
	0,080
	10,441
	486,013
	0,036

	rectot
	0,357
	0,060
	0,008
	11,700
	2531,454
	0,698
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