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4.3.1 Introduction

In this section we discuss results obtained when the editing and imputation methods developed in the EUREDIT project were applied to two data sets based on the Swiss environmental protection expenditure (EPE). Two versions of these data sets were created in the EUREDIT project. The first, denoted the Y3 data set, contained both missing and incorrect data. The second, denoted the Y2 data set, contained missing data but no errors.

The EPE data contained 54 variables that were subject to error or had missing values. These variables make up a three level hierarchy. At the top level there are four key variables measuring important economic totals. These are totinvto, totexpto, subtot and rectot. At the next level down there are 20 component variables corresponding to these four total variables. These are totinvwp, totinvwm, totinvap, totinvnp, totinvot (components of totinvto), totexpwp, totexpwm, totexpap, totexpnp, totexpot (components of totexpto), subwp, subwm, subap, subnp, subot (components of subtot), recwp, recwm, recap, recnp, recot (components of rectot). Finally, there are 30 variables that correspond to the components of totinvwp, totinvwm, totinvap, totinvnp, totinvot, totexpwp, totexpwm, totexpap, totexpnp, totexpot. These are eopinvwp, eopinvwm, eopinvap, eopinvnp, pininvwp, pininvwm, pininvap, pininvnp, othinvwp, othinvwm, othinvap, othinvnp, eopinvot, eopinvtot, pininvot, pininvtot, othinvot, othinvtot, curexpwp, curexpwm, curexpap, curexpnp, curexpot, curexptot, taxexpwp, taxexpwm, taxexpap, taxexpnp, taxexpot and taxexptot.  Since there are only two experiments that deal with these third tier variables (components of components), they are not evaluated.

In what follows we focus most of our attention on the performance of different methods investigated by EUREDIT when these were applied to the four key EPE total variables. In doing so we use the battery of measures of edit and imputation performance developed within the EUREDIT project. See the discussion in Chapter 8 of EUREDIT Deliverable 6.1. Note that values obtained for all performance measures for all methods applied to both versions of the EPE data are set out in Appendix 1 of that deliverable.

There are 1039 observations in the EPE data set. The number of errors and missing values for the four EPE variables totinvto, totexpto, subtot and rectot is set out in Table 1. The four plots making up Figure 1 show the relationship between non-missing non-zero true and Y3 values for the four EPE variables totinvto, totexpto, subtot and rectot. All of these plots are on the logarithmic scale, reflecting the highly skewed distributions of these variables. It is clear from Table 1 and Figure 1 that there is very limited scope for error detection in the EPE data (unlike the ABI). This was also true of the EPE training data set, which consisted of n = 200 cases where all errors were identified (the remaining cases then constituting the Y3 data set). This training data set was used to “tune” the various automatic editing methods used with the EPE data. However, since it had virtually no errors it was of rather limited use in this regard. Consequently, automatic editing methods that “learn” from detected errors in data are expected to perform rather badly with the EPE data. In Figure 2 we show the missing data values for these same six variables in the Y2 data set, plotted against the (known) register variables sizecl (size class) and nuts (geographic identifier). Again, all values are shown on a logarithmic scale, with missing data values in Y2 shown in red. In Figure 3 we show the relationship between the degree of missingness and the values of sizecl and nuts in the Y2 data. It seems clear that missingness increases as sizecl increases.

Table 1 Numbers of errors and missing values for key variables in Y3 and Y2 versions of the EPE data set

	Variable
	# incorrect values (Y3)
	# missing values 

(Y3)
	# missing values 

(Y2)

	totinvto
	12
	90
	90

	totexpto
	14
	175
	175

	subtot
	1
	2
	2

	rectot
	1
	42
	42


Figure 1 Plots showing true values (x axis) and corresponding Y3 values (y axis) for the four EPE total variables. All values are shown on the logarithmic scale, excluding missing and zero values.
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4.3.2 Edit and imputation methods applied

Table 2 lists the experiments carried out on the Y3 data set, along with a short description of the underlying approach in each case. Table 3 contains the same information for the experiments carried out on the Y2 data set. Note that, as in the ABI analysis, we distinguish between experiments that focus on editing only (Type A), those that focus on missing data imputation only (Type B) and those that deal with both (Type C).

Table 2 Experiments carried out using the EPE Y3 data set

	Experiment
	Type
	Method

	CE30001
	C
	FH/MRH/MOD

	OE30001
	B
	DIS

	SE30200
	C
	EA/POEM

	SE32400
	C
	SMP/POEM

	UE30001
	C
	Optimal Univariate WAID + Node Mean Imputation (UWAID1)

	YE30004
	A
	CMM

	YE30008
	A
	CMM


Table 3 Experiments carried out using the EPE Y2 data set

	Experiment
	Method

	CE20001
	MRH/MOD

	CE20002
	Censoring

	JE20001
	SOM+mean (for categorical vars.) / SOM+gaussian random imputation (for continuous vars.)

	JE20002
	Deterministic imputation & SOM+mean / SOM+gaussian random imputation

	OE20001
	DIS

	YE20004
	CMM

	YE20005
	CMM


Figure 2 Plots showing values of register variables sizecl and nuts (x axis) and corresponding Y2 values (y axis) for the four EPE variables. All values are shown on the logarithmic scale, excluding zero values. Missing values in the Y2 data set are shown as red crosses.
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Figure 3 Mosaic plots showing the extent of missing data (denoted by missing = 1) at different levels of sizecl and nuts for key EPE total variables
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4.3.3 Evaluation

4.3.3.1 Evaluation of the Y3 data set

As noted previously, we evaluate the different edit and imputation methods using the different performance measures developed as part of the EUREDIT project. Below we refer to these performance measures using the acronyms developed within the EUREDIT project. See Chapter 8 of EUREDIT Deliverable 6.1 for an explanation of how these acronyms “map” onto the performance measures.

There are a total of 22 measures that are appropriate for assessing the performance of the edit and imputation methods applied to the EPE Y3 data. These measures take values on vastly different scales, making raw comparison of their values across all 7 experiments and 54 EPE variables difficult. Consequently we adopted the same structured approach to evaluation as used with the ABI data set (see Chapter 4.1), focussing most of our effort on the assessing how the different experiments performed with respect to the four key total variables. Since there are too few Type A and Type B experiments to analyse separately, we focus on the four Type C experiments that were carried out on the EPE Y3 data.

To start, we removed much of the variation in scale associated with the different measures by normalising their values. This was carried out by first subtracting the median value over all 4 experiments (excluding missing values) from each performance value, and then dividing by the median of the non-zero absolute values of the resulting residuals. Tables 4(1) to 4(22) show these normalised performance measures for the four EPE total variables. In each case the more negative a value the better. In contrast, the larger a recorded positive value, the poorer the performance for the variable. Note that prior to this normalisation the five performance measures (RAE, tj, R^2, Slope, t-val) that do not have an absolute minimum at zero were first transformed so that they had this property. In the case of R^2 and Slope, this was done by using distance from one rather than the original value, while distance from zero (i.e. absolute value) was used for RAE and the t-statistics tj and t-val.

Although some features in the performance of certain methods (we do not distinguish between methods and experiments in the following discussion) are apparent when these normalised measures are examined, the overall picture is still too high dimensional for us to see what is going on across the range of experiments carried out.

A striking characteristic of the values set out in Tables 4(1) to 4(22) is the difference in performance between different variables. Thus, although rectot and subtot all appear to generate similar performance measures, totinvto and totexpto often generate quite different patterns of values. In order to unravel further the links between performances on different variables, we therefore carried out a second stage of analysis, where we “averaged” performance across variables in order to see whether certain experiments tended to be better or worse relative to this average.

The procedure used to carrying out this averaging was the same as used in the analysis of the ABI data and involved fitting the two-factor ANOVA model

Response = Overall Effect + Experiment Effect + Variable Effect

where Response was defined as the logarithm of the sum of a (normalised) performance measure and a small positive constant, chosen so that this logarithm was always defined. This model was then fitted (via least squares) to the values of the performance measure for a group of experiments and a group of variables, and the estimated Experiment Effects obtained. By definition, these estimated effects sum to zero and provide an “average” measure (across the variables and experiments involved in the modelling process) of the performance of a particular experiment with respect to the performance measure.

Tables 5(1) and 5(2) shows these Experiment Effects for 21 out of the 22 performance measures calculated for the EPE experiments. The measure t-val was excluded because its values contained a number of substantial outliers. The experiments for which effects are reported in these tables are the subset of 4 Type C experiments for which all 21 of these measures were available for the two variables totinvto and totexpto. Again we note that negative values are better than positive for these effects.

Table 5(1) contains measures appropriate to edit performance, while Table 5(2) contains measures appropriate to imputation performance. When we look at edit performance there is no experiment that stands out as overall best. In contrast, the outstanding imputation performance of CE30001 is clear. However, even in this case there is uncertainty, since this experiment was not the best with respect to dL2, K-S_1 and MSE. Since we were unable to identify a “best” performer in these Tables, we switched to identification of experiments that were “consistently good” in terms of their performance in these Tables. These experiments, are those that recorded a negative Experiment Effect across all the measures in each of Tables 5(1) and 5(2). We see that no experiment is identified as consistently good in terms of editing performance for the two variables totinvto and totexpto, although SE32400 seems preferable. In terms of imputation, it is experiment CE30001.

One problem with the analysis in Tables 5(1) and 5(2) is that it is restricted to two out of the four key EPE total variables. Unfortunately, since not all experiments produced values for all performance measures for all four total variables, it is not possible to carry out this averaging procedure generally. However, for a restricted set of 10 performance measures (the 9 used to measure editing performance plus MSE) values were available for all seven total variables across these 4 experiments. Consequently, we carried out the same ANOVA-based averaging procedure across all total variables and the 4 experiments for this restricted set of measures. The Experiment Effects derived from this analysis are set out in Table 6. As before, we identify “consistently good” experiments as those that record negative Experiment Effects across all measures. Unfortunately all experiments have one or more positive values on some measurements, with experiment SE32400 the best performer. 

Finally, we carried out a further level of analysis, grouping performance measures as well as variables, in an effort to extract ANOVA-based Experiment Effects that indicate editing and imputation performance across variables as well as across “similar” performance requirements. In order to do this, performance measures were grouped as in Table 7 in the ABI analysis.

Table 7 Experiment Effects for grouped performance measures. Effects were defined relative to all four total variables for groups (a) to (c) and relative to the variables totinvto and totexpto for groups (d) and (e) 

	Experiment
	NNV
	(a)
	(b)
	(c)
	(d)
	(e)

	CE30001
	3
	-1.3000
	1.0465
	0.8587
	-1.3061
	-1.2837

	SE30200
	1
	0.6366
	-0.8713
	0.1906
	1.0051
	1.0580

	SE32400
	3
	0.9168
	-0.8393
	-1.4400
	-0.1948
	0.4347

	UE30001
	2
	-0.2534
	0.6642
	0.3907
	0.4958
	-0.2090


From Table 7 we see that the best performing experiment was different for each “type” of editing performance, but CE30001 and SE32400 score better than the other two experiments.

One particular type of performance measure that has not been considered so far is “case level” editing performance. That is, pure error finding performance based on the assumption that a single edit failure in a record leads to a complete check (and verification) of all variables in that record. The measures that focus on this aspect of editing performance are A, B and C, corresponding to case level versions of alpha, beta and delta respectively. Table 8 sets out the values recorded for these case level performance measures by the 6 “editing” experiments that were carried out on the EPE Y3 data set.

Table 8 Values of case level editing performance measures for Type A and Type C experiments carried out on the EPE Y3 data set

	Experiment
	A
	B
	C

	CE30001
	0.0168
	0.0078
	0.0135

	SE30200
	0.7511
	0.1432
	0.5265

	SE32400
	0.7405
	0.1589
	0.5255

	UE30001
	0.7908
	0.7057
	0.7594

	YE30004
	0.8550
	0.6875
	0.7931

	YE30008
	0.8550
	0.6875
	0.7931


Recollect that A corresponds to the proportion of cases with at least one incorrect data value that pass the edits, B corresponds to the proportion of cases with all correct values that fail at least one edit and C is the overall proportion of incorrect detections. The best results here, by a long way, are those recorded by experiment CE30001, which achieves values for both A and B of around 1%.

The emphasis so far has been on evaluating editing and imputation performance relative to the four key total variables in the EPE data. However, as noted earlier, there were a number of component variables for totinvto and totexpto that were also the focus of edit and imputation experiments in EUREDIT. Below we display summary Experiment Effect values for these variables, based on the same high level averaging procedure used to obtain the results set out in Table 8 above. In particular, Tables 9 and 10 provide corresponding results for the component variables of totinvto and totexpto.

Table 9 Experiment Effects for grouped performance measures. Effects were defined relative to all five component variables of totinvto (totinvwp, totinvwm, totinvap, totinvnp, and totinvot) in the EPE Y3 data.

	Experiment
	NNV
	(a)
	(b)
	(c)
	(d)
	(e)

	CE30001
	2
	0.2776
	1.1468
	0.5177
	-1.2705
	-1.3764

	SE30200
	2
	-1.4435
	-0.7607
	0.3637
	1.0150
	0.6516

	SE32400
	2
	0.3005
	0.5251
	-1.4922
	-0.2742
	0.8198

	UE30001
	2
	0.8654
	-0.9113
	0.6108
	0.5296
	-0.0950


Table 10 Experiment Effects for grouped performance measures. Effects were defined relative to all five component variables of totexpto (totexpwp, totexpwm, totexpap, totexpnp and totexpot) in the EPE Y3 data.

	Experiment
	NNV
	(a)
	(b)
	(c)
	(d)
	(e)

	CE30001
	4
	0.3421
	-0.8462
	-1.0503
	-1.0884
	-0.8985

	SE30200
	1
	-1.354
	0.7638
	1.1119
	1.2036
	1.4078

	SE32400
	4
	-0.0124
	0.9624
	-0.6046
	-0.4819
	-0.4561

	UE30001
	2
	1.0244
	-0.8799
	0.543
	0.3668
	-0.0531


We see that all four experiments perform comparably with respect to editing and imputation for the components of totinvto, while CE30001 and SE32400 are clearly the best performers for the components of totexpto.

4.3.3.2 Evaluation of Y2 data set

As noted in the introduction to this Section, the Y2 data set contains missing values but no errors. In effect, this data set corresponds to EPE data after a comprehensive edit process, but before any imputation for missing data has been carried out. Consequently, the focus of the evaluation for this data set was on imputation, rather than editing, performance, leading to a focus on the measures R^2, Slope, mse, t_val, dL1, dL2, dLinf, K-S, K-S_1, K-S_2, m_1, m_2 and MSE.

There were 7 experiments carried out on the Y2 data. Table 3 lists these experiments, along with a short description of the methods implemented in them.

Evaluation of the results of these experiments was carried out using the same approach as used above to evaluate the Y3-based experiments. Thus, the performance measures were first normalised, then Experiment Effects, either for single performance measures, or groups of performance measures, calculated.

Tables 11(1) to 11(12) show the normalised performance measure values for the four key EPE total variables. In Tables 12(1) and 12(2) we then use these normalised values to calculate Experiment Effects for each performance measure. In Table 12(1) these effects are defined by averaging across the variables totinvto and totexpto, while in Table 12(2) these effects are defined by averaging across all four key EPE total variables. Observe the overall good performances of the methods associated with experiments CE20001 and JE20002.

Table 13 aggregates these results further, showing Experiment Effects when averaging is both across variables and across groups of imputation performance measures. The best experiment is still CE20001.

Finally, Tables 14 and 15 show Experiment Effects across groups of performance measures for the component variables of EPE. Again, CE20001 does particularly well.

4.3.4 Conclusions

The lack of real errors (as opposed to outliers) in the EPE data and the corresponding absence of an “error rich” training data set meant that relatively few experiments based on automatic editing and imputation methods were carried out with these data. Of the four Type C experiments that were carried out, it is clear from the analysis described above that CE30001 is the overall leader, followed by SE32400, then UE30001 and then SE30200. With the Y2 version of this data set, the experiment CE20001 stands out. Both CE30001 and CE20001 are made up of an “expertly defined” mix of editing and imputation methods, and the general conclusion therefore seems to be that for data like the EPE data, no one particular type of editing and/or imputation strategy will be effective, and best results are obtained by applying several different methods simultaneously.

4.3.5 Summary

In this Section of Chapter 4 we have analysed the results from a limited number of experiments, based on the application of a variety of different editing and imputation methodologies to the EPE data set. Our analysis has focused on 22 of the editing and imputation performance measures described in Chapter 8 of EUREDIT Deliverable 6.1 and four key total variables measured in the EPE. We have put most of the emphasis in our analysis on the performance of experiments that carried out both editing and imputation on the Y3 version of the EPE data set (i.e. that version of the EPE data that contained both errors as well as missing data). Our analysis has been highly structured, with evaluations based on extracting so-called “Experiment Effects” that are defined by averaging performance across both groups of variables as well as groups of measures corresponding to different dimensions of either editing (error localisation) or imputation performance. These Experiment Effects allow us to construct a relative ranking of the overall editing and imputation performances of the different experiments applied to the EPE data set. Our conclusion after analysing these Experiment Effects is that the application of a mix of different editing and imputation methods works best for the EPE data.

Table 4(1) Normalised alpha values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	0
	1.4545
	0.0000
	0.0000
	0.0000

	UE30001
	0
	0.5455
	3.5000
	0.0000
	0.0000

	SE30200
	1
	0.0000
	-3.0000
	
	

	SE32400
	1
	0.0000
	-2.0000
	
	

	YE30004
	2
	0.0000
	0.0000
	-1.0000
	-1.0000

	YE30008
	2
	0.0000
	0.0000
	-1.0000
	-1.0000


Table 4(2) Normalised beta values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	4
	-10.4721
	-0.9708
	-1.1819
	-2.1067

	UE30001
	4
	-5.3611
	-1.0292
	-1.0000
	-1.9467

	SE30200
	2
	-0.2500
	-0.0949
	
	

	SE32400
	0
	0.2500
	0.0949
	
	

	YE30004
	0
	0.9722
	1.1022
	0.0000
	0.0533

	YE30008
	0
	1.0278
	1.1022
	0.0000
	0.0000


Table 4(3) Normalised delta values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	4
	-10.0279
	-1.0250
	-1.0000
	-1.0000

	UE30001
	2
	-5.1945
	-0.9750
	1.0000
	1.0000

	SE30200
	2
	-0.2500
	-0.1250
	
	

	SE32400
	0
	0.2500
	0.1250
	
	

	YE30004
	0
	0.9722
	1.3417
	10.9979
	25.6670

	YE30008
	0
	1.0278
	1.3417
	10.9979
	25.0003


Table 4(4) Normalised RAE values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	0
	42.7324
	2.6485
	0.0000
	0.0000

	UE30001
	1
	-1.1637
	2.0227
	0.0000
	0.0000

	SE30200
	1
	0.8363
	-1.3612
	
	

	SE32400
	0
	1.2848
	0.6388
	
	

	YE30004
	4
	-0.8363
	-0.6388
	-1.0000
	-1.0000

	YE30008
	4
	-0.8363
	-0.6388
	-1.0000
	-1.0000


Table 4(5) Normalised RRASE values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	0
	391.0706
	1.5823
	0.0000
	0.0000

	UE30001
	1
	-1.5153
	1.5927
	0.0000
	0.0000

	SE30200
	2
	-2.0471
	-1.0994
	
	

	SE32400
	1
	-0.4847
	0.9006
	
	

	YE30004
	3
	0.4847
	-0.9006
	-1.0000
	-1.0000

	YE30008
	3
	0.4847
	-0.9006
	-1.0000
	-1.0000


Table 4(6) Normalised RER values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	0
	227.8934
	1.0000
	
	

	UE30001
	1
	-0.4066
	1.0266
	
	

	SE30200
	2
	-2.9013
	-1.1178
	
	

	SE32400
	1
	-1.5934
	1.0000
	
	

	YE30004
	1
	0.4066
	-1.0000
	
	

	YE30008
	1
	0.4066
	-1.0000
	
	


Table 4(7) Normalised tj values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-0.2225
	-0.3321
	
	

	UE30001
	0
	0.2225
	0.3321
	
	

	SE30200
	0
	
	
	
	

	SE32400
	0
	
	
	
	

	YE30004
	0
	4.8862
	1.0000
	
	

	YE30008
	0
	4.8862
	1.0000
	
	


Table 4(8) Normalised AREm1 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	3
	-4.8421
	-1.8025
	0.9737
	-0.4087

	UE30001
	2
	1.3949
	-1.8710
	-0.9737
	0.4087

	SE30200
	1
	-0.5883
	2.0626
	
	

	SE32400
	2
	-7.5742
	-0.0322
	
	

	YE30004
	1
	0.5883
	0.0322
	-85.6424
	3.2048

	YE30008
	1
	0.6051
	0.1975
	-85.6424
	3.2034


Table 4(9) Normalised AREm2 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	567.5523
	-1.9127
	0.9966
	-0.8387

	UE30001
	2
	1.4492
	-1.5338
	-0.9966
	0.8387

	SE30200
	1
	-0.5508
	2.0815
	
	

	SE32400
	2
	-54.1630
	-0.4030
	
	

	YE30004
	2
	-0.0027
	0.4030
	-123.1560
	5.7159

	YE30008
	1
	0.0027
	0.4662
	-123.1560
	5.7145


Table 4(10) Normalised R^2 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-5.5290
	
	1.0000
	-1.9976

	OE30001
	1
	0.7847
	-1.7466
	
	0.0024

	UE30001
	0
	0.0000
	0.2534
	0.0403
	0.0000

	SE30200
	0
	0.0315
	0.0930
	
	

	SE32400
	1
	-1.2153
	0.0000
	
	


Table 4(11) Normalised Slope values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-1.1182
	
	0.0544
	-1.8881

	OE30001
	0
	2.6515
	1.1443
	
	0.1119

	UE30001
	0
	0.6286
	4.6708
	0.0132
	0.0000

	SE30200
	1
	0.0000
	-0.9279
	
	

	SE32400
	1
	-1.0000
	0.0000
	
	


Table 4(12) Normalised mse values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-1.0000
	
	0.0000
	-1.0000

	OE30001
	2
	-0.4555
	-1.0933
	
	0.0000

	UE30001
	0
	9.7737
	0.3857
	3395.8940
	13.7280

	SE30200
	0
	5.5931
	1.0000
	
	

	SE32400
	0
	0.0000
	0.0000
	
	


Table 4(13) Normalised t-val values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	3
	-1.1864
	
	-7.3900E+17
	-1.0000

	OE30001
	0
	89.8690
	4.8187
	
	2.6231

	UE30001
	1
	0.0000
	10.4386
	-8.8414E+02
	0.0000

	SE30200
	1
	0.7090
	-0.9371
	
	

	SE32400
	1
	-1.0000
	0.0000
	
	


Table 4(14) Normalised K-S values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-2.5955
	-2.1627
	0.0000
	0.0000

	OE30001
	1
	1.7102
	-1.0624
	0.0000
	1.8886

	UE30001
	1
	0.0000
	0.0000
	1.0000
	-0.1114

	SE30200
	1
	-0.2017
	1.0000
	
	

	SE32400
	0
	0.2898
	0.5411
	
	


Table 4(15) Normalised K-S_1 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	1.1383
	-1.4356
	-1.8128
	0.0000

	OE30001
	2
	-1.6165
	0.0000
	1.0000
	-0.8640

	UE30001
	2
	0.0000
	-0.3403
	-1.0000
	1.1360

	SE30200
	1
	-0.5280
	6.2290
	
	

	SE32400
	0
	0.8617
	0.5644
	
	


Table 4(16) Normalised K-S_2 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	3
	0.0000
	-1.3692
	-1.2197
	-0.0665

	OE30001
	2
	-2.3544
	-0.6115
	1.0000
	0.0000

	UE30001
	1
	0.3713
	0.0000
	-1.0000
	1.9335

	SE30200
	1
	-0.8608
	2.6462
	
	

	SE32400
	0
	1.1392
	0.6308
	
	


Table 4(17) Normalised dL1 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	3
	-1.5177
	-2.5053
	0.0000
	-1.0000

	OE30001
	2
	2.9773
	-1.0000
	-1.0000
	0.0000

	UE30001
	0
	1.0000
	0.9738
	2.6791
	3.1664

	SE30200
	0
	0.0000
	2.3875
	
	

	SE32400
	1
	-0.8727
	0.0000
	
	


Table 4(18) Normalised dL2 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-1.2932
	0.0000
	0.0000
	-46.6113

	OE30001
	2
	7.5415
	-5.4429
	-1.0000
	0.0000

	UE30001
	0
	0.2648
	0.1938
	3.2557
	1.0000

	SE30200
	0
	0.0000
	3.7161
	
	

	SE32400
	2
	-1.0000
	-1.0000
	
	


Table 4(19) Normalised dLinf values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	2
	-9.4879
	1.2900
	0.0000
	-1.0000

	OE30001
	1
	3.8043
	2.3979
	-1.0000
	0.0000

	UE30001
	1
	0.0000
	-1.0000
	2.2247
	3.2908

	SE30200
	0
	0.0279
	0.0000
	
	

	SE32400
	2
	-1.0000
	-0.8389
	
	


Table 4(20) Normalised m_1 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	1
	-1.6035
	0.0000
	0.0000
	0.0000

	OE30001
	3
	2.0641
	-1.0000
	-1.0719
	-1.0390

	UE30001
	1
	0.8074
	-0.4652
	1.0000
	1.0000

	SE30200
	0
	0.0000
	4.7272
	
	

	SE32400
	1
	-1.0000
	1.8993
	
	


Table 4(21) Normalised m_2 values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	3
	-1.1245
	-0.7120
	0.0000
	-1.0000

	OE30001
	2
	30.4919
	-17.3324
	-1.0000
	62.7669

	UE30001
	0
	0.4411
	1.0000
	13.4160
	0.0000

	SE30200
	0
	0.0000
	15.4969
	
	

	SE32400
	1
	-1.0000
	0.0000
	
	


Table 4(22) Normalised MSE values for EPE Y3 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE30001
	0
	1.0000
	0.0000
	1.0000
	0.0000

	OE30001
	2
	9.8564
	-0.4801
	-0.0466
	1.2111

	UE30001
	1
	0.0000
	-1.0000
	10.2854
	26.6972

	SE30200
	2
	-0.6865
	9.6033
	0.0000
	-0.7889

	SE32400
	2
	-2.5789
	3.1963
	0.0000
	-0.7889


Table 5(1) Experiment Effect values for editing performance. These values are based on modelling the measures obtained for the variables totinvto and totexpto.

	Experiment


	NNV
	alpha
	beta
	delta
	RAE
	RRASE
	RER
	tj
	AREm1
	AREm2

	CE30001
	3
	0.4273
	-1.2833
	-1.2813
	1.4972
	1.4994
	1.4985
	0.8636
	-0.709
	1.0696

	SE30200
	5
	-0.9769
	0.7362
	0.7293
	-0.5765
	-0.5407
	-0.5616
	-0.866
	1.0548
	0.1453

	SE32400
	7
	-0.6504
	0.8487
	0.8565
	-0.4269
	-0.4759
	-0.4825
	-0.866
	-0.9869
	-1.348

	UE30001
	5
	1.2
	-0.3016
	-0.3045
	-0.4938
	-0.4827
	-0.4544
	0.8685
	0.6411
	0.1331

	
	
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000


Table 5(2) Experiment Effect values for imputation performance. These values are based on modelling the measures obtained for the variables totinvto and totexpto.

	Expt


	NNV
	R^2
	Slope
	mse
	dL1
	dL2
	dLinf
	K-S
	K-S_1
	K-S_2
	m_1
	m_2
	MSE

	CE30001
	12
	-1.5
	-1.4994
	-1.4989
	-1.3163
	-0.5956
	-1.4748
	-1.4854
	-0.6918
	-1.3514
	-1.0323
	-0.6835
	-0.2807

	SE30200
	0
	0.5041
	0.4797
	0.5104
	0.8391
	1.3634
	0.7223
	0.5864
	1.4268
	0.7427
	1.3635
	1.4711
	1.4672

	SE32400
	6
	0.4906
	0.479
	0.4481
	-0.2355
	-0.8797
	0.276
	0.6007
	-0.0393
	0.7718
	-0.0642
	-0.565
	-0.4135

	UE30001
	5
	0.5053
	0.5407
	0.5403
	0.7127
	0.1119
	0.4764
	0.2982
	-0.6957
	-0.1631
	-0.267
	-0.2227
	-0.773

	
	
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000


Table 6 Experiment Effect values for editing and MSE performance. These values are based on modelling the measures obtained for all four EPE total variables.

	Experiment


	NNV
	alpha
	beta
	delta
	RAE
	RRASE
	RER
	tj
	AREm1
	AREm2
	MSE

	CE30001
	4
	0.645
	-1.1189
	-1.2348
	1.4071
	1.4072
	1.3965
	0.8648
	-0.3606
	0.886
	-1.3113

	SE30200
	5
	-1.0155
	0.7829
	0.7462
	-0.8116
	-0.758
	-0.7763
	-0.866
	1.2198
	0.1539
	0.8611

	SE32400
	8
	-0.6761
	0.9024
	0.8764
	-0.601
	-0.6672
	-0.6669
	-0.866
	-1.1413
	-1.4284
	-0.2427

	UE30001
	2
	1.0467
	-0.5664
	-0.3878
	0.0055
	0.018
	0.0467
	0.8673
	0.2821
	0.3885
	0.6929

	
	
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000


Table 11(1) Normalised R^2 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	2
	-3.3574
	
	1.0000
	-3.6626

	CE20002
	3
	-11.4398
	-0.9630
	0.9980
	-36.6593

	JE20001
	0
	0.9286
	7.5907
	
	0.8910

	JE20002
	0
	0.8095
	
	
	1.0098

	OE20001
	0
	1.0714
	0.0000
	
	0.9902

	YE20004
	1
	0.0000
	3.6606
	
	-0.5915

	YE20005
	1
	-0.6277
	4.2198
	
	0.0000


Table 11(2) Normalised Slope values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	2
	-1.7976
	
	0.1322
	-1.8196

	CE20002
	2
	0.0000
	-1.1816
	1.9522
	-1.9353

	JE20001
	0
	1.3261
	0.8455
	
	0.1297

	JE20002
	1
	-0.3309
	
	
	0.1528

	OE20001
	1
	1.0000
	-0.8455
	
	0.0000

	YE20004
	3
	-0.8952
	-1.1545
	
	-1.0000

	YE20005
	0
	9.1498
	4.8677
	
	170.4382


Table 11(3) Normalised mse values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	2
	-3.0123
	
	0.0000
	-5.9367

	CE20002
	2
	2.2477
	-0.9508
	1278.9440
	-8.2031

	JE20001
	0
	0.0000
	3.6259
	
	0.4439

	JE20002
	0
	1.0000
	
	
	0.9536

	OE20001
	0
	0.1516
	0.0000
	
	1.3401

	YE20004
	2
	-0.7715
	1.9166
	
	-1.0000

	YE20005
	1
	-1.1020
	2.0278
	
	0.0000


Table 11(4) Normalised dL1 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-1.9621
	-1.2202
	0.2838
	-1.0000

	CE20002
	2
	-1.0000
	-1.1171
	22.5190
	0.0000

	JE20001
	0
	3.1521
	6.2905
	0.0000
	9.7963

	JE20002
	1
	0.0000
	-1.0000
	0.0000
	6.4116

	OE20001
	1
	1.2309
	0.0000
	-1.0000
	2.4307

	YE20004
	3
	-0.0187
	0.3422
	-1.0000
	-0.7670

	YE20005
	2
	0.0930
	0.8057
	-1.0000
	-0.7554


Table 11(4) Normalised dL2 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-1.4848
	-1.0000
	0.2838
	-0.8292

	CE20002
	2
	4.1876
	-0.7624
	24.9498
	-1.0000

	JE20001
	0
	4.0076
	6.9268
	0.0000
	12.0564

	JE20002
	1
	1.0000
	-0.6257
	0.0000
	12.3408

	OE20001
	1
	0.0000
	0.0000
	-1.0000
	11.6872

	YE20004
	2
	-0.6650
	1.0304
	-1.0000
	0.0000

	YE20005
	3
	-0.4458
	1.4035
	-1.0000
	-0.1692


Table 11(6) Normalised dLinf values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-1.0968
	-1.3000
	0.2838
	-1.0000

	CE20002
	1
	1.2919
	-1.1360
	32.9499
	0.0000

	JE20001
	0
	2.5304
	21.8378
	0.0000
	7.4729

	JE20002
	1
	0.0000
	-1.0000
	0.0000
	7.2312

	OE20001
	1
	0.0939
	0.0000
	-1.0000
	1.3973

	YE20004
	3
	-1.0000
	0.3428
	-1.0000
	-0.9538

	YE20005
	3
	-0.9579
	0.6046
	-1.0000
	-0.9276


Table 11(7) Normalised K-S values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	1
	0.0000
	-1.4317
	0.0000
	0.0000

	CE20002
	4
	-0.0058
	-0.1340
	-1.0000
	-1.0000

	JE20001
	2
	-1.5388
	0.0586
	0.0000
	-0.3954

	JE20002
	3
	-0.4612
	-1.0000
	0.0000
	-0.6099

	OE20001
	0
	1.9341
	0.0000
	0.0000
	2.0820

	YE20004
	0
	0.4209
	2.3791
	0.0000
	1.5013

	YE20005
	0
	1.5573
	3.2599
	0.0000
	2.7700


Table 11(8) Normalised K-S_1 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	0.0000
	-1.0601
	-1.5807
	-1.3606

	CE20002
	3
	-1.6250
	-0.9399
	-1.0000
	0.1019

	JE20001
	2
	-0.6215
	4.5447
	-1.5807
	2.9167

	JE20002
	3
	-0.7355
	-0.8344
	-1.5807
	0.0030

	OE20001
	1
	0.3539
	0.0000
	0.0000
	-2.2428

	YE20004
	1
	1.2645
	0.2827
	0.0000
	-0.6394

	YE20005
	0
	2.2141
	1.4780
	0.0000
	0.0000


Table 11(9) Normalised K-S_2 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	0.0000
	-0.3850
	-1.3868
	-1.0313

	CE20002
	4
	-0.8139
	-0.3573
	-1.0000
	-0.0603

	JE20001
	2
	-0.6889
	1.6371
	-1.3868
	2.9598

	JE20002
	3
	-0.3036
	-0.3269
	-1.3868
	0.0000

	OE20001
	1
	1.3017
	0.0000
	0.0000
	-0.9687

	YE20004
	0
	1.1861
	1.6150
	0.0000
	0.3667

	YE20005
	0
	3.5742
	4.7424
	0.0000
	1.5982


Table 11(10) Normalised m_1 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-0.2719
	-1.0000
	0.2838
	-1.0000

	CE20002
	1
	1.0000
	-0.2160
	20.5937
	0.0000

	JE20001
	0
	0.0000
	37.8636
	0.0000
	4.1354

	JE20002
	2
	-2.2795
	-0.2912
	0.0000
	1.7641

	OE20001
	3
	-0.2248
	0.0000
	-1.0000
	-1.8964

	YE20004
	2
	1.3939
	8.0096
	-1.0000
	-0.1272

	YE20005
	1
	2.8656
	14.3754
	-1.0000
	0.3994


Table 11(11) Normalised m_2 values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-0.5643
	-1.0645
	0.4485
	-0.8727

	CE20002
	1
	24.0208
	-0.7548
	1042.8820
	0.0000

	JE20001
	0
	2.9051
	18.3841
	0.0000
	4.0702

	JE20002
	2
	-2.8437
	-0.5807
	0.0000
	4.0492

	OE20001
	2
	-1.0000
	0.0000
	-1.0000
	3.3841

	YE20004
	2
	0.0000
	1.0000
	-1.0000
	-1.0000

	YE20005
	2
	0.2108
	1.3005
	-1.0000
	-0.6936


Table 11(12) Normalised MSE values for EPE Y2 experiments

	Experiment


	NNV
	totinvto
	totexpto
	subtot
	rectot

	CE20001
	3
	-0.3976
	-1.0000
	1.1429
	-0.9531

	CE20002
	4
	-0.0137
	-0.8837
	-350.8571
	-1.0469

	JE20001
	0
	1.0000
	153.9095
	0.8571
	23.1357

	JE20002
	2
	-1.0011
	-0.8325
	0.8571
	10.3052

	OE20001
	1
	0.0000
	0.0000
	0.0000
	-0.1417

	YE20004
	0
	1.1676
	3.7564
	0.0000
	0.0000

	YE20005
	0
	2.8766
	12.2069
	0.0000
	0.8356


Table 12(1) Experiment Effect values for imputation performance. These values are based on modelling the measures obtained for the variables totinvto and totexpto of EPE Y2.

	Experiment


	NNV
	dL1
	dL2
	dLinf
	K-S
	K-S_1
	K-S_2
	R^2
	Slope
	mse
	m_1
	m_2
	MSE

	CE20001
	12
	-0.9912
	-1.0521
	-0.5880
	-0.8652
	-0.6547
	-0.6115
	-1.4822
	-1.4696
	-1.4849
	-0.7293
	-0.6711
	-0.5124

	CE20002
	7
	-0.7162
	0.3483
	-0.2727
	-0.3328
	-1.2655
	-0.8637
	0.4352
	0.5477
	0.5841
	-0.5484
	1.4613
	-0.4935

	JE20001
	2
	2.0711
	2.0687
	2.2548
	-0.8862
	1.2605
	-0.1967
	0.6625
	0.5820
	0.6075
	1.8632
	1.4222
	2.2184

	JE20002
	12
	-0.4331
	-0.3537
	-0.4131
	-0.8737
	-0.8587
	-0.6897
	-1.4379
	-1.4542
	-1.4425
	-0.8474
	-0.8654
	-0.5290

	OE20001
	7
	0.1248
	-0.4412
	-0.2767
	0.4938
	-0.0860
	-0.0797
	0.5908
	0.5614
	0.5728
	-0.6363
	-0.6052
	-0.4595

	YE20004
	5
	-0.0992
	-0.3561
	-0.3709
	0.8369
	0.3845
	0.3901
	0.6164
	0.5387
	0.5827
	0.1580
	-0.3971
	-0.2800

	YE20005
	3
	0.0437
	-0.2139
	-0.3335
	1.6272
	1.2200
	2.0512
	0.6152
	0.6941
	0.5803
	0.7402
	-0.3447
	0.0560


Table 12(2) Experiment Effect values for imputation performance. These values are based on modelling the measures obtained for all four EPE Y2 total variables.

	Experiment


	NNV
	dL1
	dL2
	dLinf
	K-S
	K-S_1
	K-S_2
	R^2
	Slope
	mse
	m_1
	m_2
	MSE

	CE20001
	10
	-1.0340
	-1.1183
	-0.7758
	-0.6551
	-0.9869
	-0.9192
	0.0346
	-0.1294
	-0.1947
	-0.8843
	-0.4601
	0.1156

	CE20002
	4
	1.2958
	1.3203
	1.3465
	-0.8342
	-0.8365
	-0.7852
	1.3716
	1.5553
	2.0319
	0.6529
	2.2480
	-2.1090

	JE20001
	4
	1.4643
	1.1925
	1.5035
	-0.7687
	1.4861
	0.2765
	0.1995
	-0.0798
	-0.1123
	1.7383
	-0.0818
	1.1624

	JE20002
	10
	-0.0085
	0.2617
	-0.1154
	-0.8157
	-0.7477
	-0.7369
	-2.0061
	-1.7659
	-1.3301
	-0.7985
	-0.4221
	0.2245

	OE20001
	8
	-0.2873
	0.0806
	-0.5075
	0.7094
	-0.4063
	-0.1997
	0.1252
	-0.0980
	-0.1275
	-0.9733
	-0.4086
	0.1281

	YE20004
	7
	-0.7483
	-0.8883
	-0.7379
	0.7815
	0.3702
	0.4461
	0.1350
	-0.1254
	-0.1360
	-0.1417
	-0.4439
	0.1838

	YE20005
	5
	-0.6819
	-0.8485
	-0.7135
	1.5827
	1.1211
	1.9184
	0.1402
	0.6434
	-0.1312
	0.4066
	-0.4313
	0.2945


Table 13 Experiment Effects for grouped performance measures. Effects were based on the total variables totinvto, totexpto, subtot and rectot for performance groups (d) to (e)

	Experiment
	NNV
	Results based on
	
	Results based on 

	
	
	totinvto and totexpto
	
	totinvto, totexpto, subtot and rectot

	
	
	(d)
	(e)
	
	(d)
	(e)

	CE20001
	4
	-0.9851
	-0.7109
	
	-0.7444
	-0.2751

	CE20002
	3
	1.3384
	-1.0029
	
	-0.248
	-1.0606

	JE20001
	1
	1.4078
	0.3028
	
	2.2305
	-0.0403

	JE20002
	3
	0.0382
	-0.9435
	
	-0.4338
	-1.0271

	OE20001
	3
	-0.2582
	-0.0037
	
	-0.2435
	0.0173

	YE20004
	2
	-0.7909
	0.5764
	
	-0.3271
	0.5234

	YE20005
	2
	-0.7501
	1.7817
	
	-0.2337
	1.8624


Table 14 Experiment Effects for grouped performance measures. Effects were based on the component variables of totinvto (totinvwp, totinvwm, totinvap, totinvnp, and totinvot) and totexpto (totexpwp, totexpwm, totexpap, totexpnp and totexpot) for groups (d) and (e)

	Experiment


	NNV
	Results based on

totinvwp, totinvwm, totinvap, totinvnp, and totinvot
	
	Results based on

totexpwp, totexpwm, totexpap, totexpnp and totexpot

	
	
	(d)
	(e)
	
	(d)
	(e)

	CE20001
	4
	-0.8683
	-1.1649
	
	-0.2598
	-0.9105

	CE20002
	3
	0.2221
	-1.2426
	
	-1.5601
	-1.1589

	JE20001
	0
	1.3883
	1.0363
	
	1.2793
	0.3065

	JE20002
	3
	1.2812
	-0.0138
	
	-1.0216
	-0.4303

	OE20001
	2
	-0.2557
	0.0710
	
	0.5786
	-0.0693

	YE20004
	2
	-0.8933
	-0.1034
	
	0.4943
	0.4297

	YE20005
	1
	-0.8744
	1.4174
	
	0.4892
	1.8328


Table 15 Experiment Effects for grouped performance measures using EPE Y2 data. Effects were defined relative to the secondary variables which are the component variables of the components of totinvto and totexpto for performance groups (d) and (e).

	Experiment


	NNV
	Results based on the components of

totinvwp, totinvwm, totinvap, totinvnp, and totinvot
	
	Results based on the components of

totexpwp, totexpwm, totexpap, totexpnp and totexpot

	
	
	(d)
	(e)
	
	(d)
	(e)

	CE20001
	4
	-1.8208
	-1.3595
	
	-1.4690
	-1.0881

	CE20002
	4
	-0.9925
	-1.5068
	
	-1.1591
	-1.2199

	JE20001
	0
	0.7322
	0.5086
	
	1.3603
	0.5552

	JE20002
	1
	0.2824
	0.4877
	
	0.6717
	-0.1467

	OE20001
	1
	0.6556
	0.4571
	
	0.4275
	-0.0614

	YE20004
	0
	0.5502
	0.4081
	
	0.0782
	0.2484

	YE20005
	0
	0.5929
	1.0048
	
	0.0905
	1.7125
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