4.4. Danish Labour Force Survey dataset

The Danish Labour Force Survey (DLFS) contains one variable with missing values, which is income. All other variables contain full information. The missing values in the variable income are due to the fact that the respondent has refused to participate in the survey or has not been reached at home. The income is found in the income register in Statistics Denmark. All other variables are also found in registers. As income is known for all persons in the data set, even though the value in the test dataset is missing for non-respondents, it is possible to analyse the efficiency of the imputation concerning the bias of non-response.

4.4.1 The DLSF

11,404 persons out of 15,579 persons selected for the data collection participated. This is equivalent to a response rate of 73 pct. Income for the non-participating persons were to be imputed. 

Table 1. True mean income and standard deviation 

	
	Mean  
	Std. error
	    Number

	Not participating                
	  145561
	  106647
	         4175

	Participating
	  174731
	  114773
	       11404

	Total
	  166914
	  113388
	       15579


If adjustments of the non-response rate are not undertaken, income will be overestimated. Consequently, the question is to which extent the imputation can reduce the systematic bias caused by the non-response rate. For undertaking the imputation the following variables were available:

· Telephone/postal, 
interview or neither

· No. of times interviewed in the panel

· Telephone no. found and contact made

· Postal follow up

· Male/female

· Age of respondent

· Marital Status

· Longest education

· Last employment

· Not unemployed/unemployed

· Any children at home

· Living with another adult

· Area living in

Tabel 2. Participating (response and non-response) and background information

	
	Not

participating

Mean
	Not

participating

Std. error
	Not

participating

Number
	Participating

Mean
	Participating

Std. error
	Participating

Number

	Total
	     145561
	     106647
	         4175
	     174731
	     114773
	       11404

	Male

Female
	     161396

     125966
	     123719

       76277
	         2309

         1866
	     208606

     144754
	     135472

       81710
	         5354

         6050

	Age 15-25

Age 26-35

Age 36-45

Age 46-55

Age 56-67
	       83095

     151036

     170327

     178768

     155000
	       62445

       80529

     108215

     125212

     130295
	           921

         1051

           818

           776

           609
	       75922

     181928

     214784

     220282

     175863
	       63184

       82558

     107874

     129225

     119641
	         2285

         2646

         2413

         2375

         1685

	Not Married

Married
	     130844

     170924
	       88955

     127787
	         2642

         1533
	     142922

     204604
	       97677

     121420
	         5523

         5881

	Primary school only

Skilled labour, High school

Long education

No information
	     122659

     176490

     237435

     100942
	       85106

       98973

     180072

       81819
	         2315

         1186

           340

           334
	     131352

     194867

     243548

     131638
	       99043

     100160

     129506

     121384
	         4963

         4062

         2109

           270

	Private Industry

Other private business

Government employed

Not applicable
	     206105

     190208

     115692

     104006
	     116949

     120056

     102678

       50597
	           716

         1013

         1118

         1328
	     219735

     215253

     147392

     118709
	     108080

     123518

     111138

       64424
	         2314

         2994

         4046

         2050

	Not unemployed

Unemployed
	     153474

     133068
	     126811

       60763
	         2556

         1619
	     186450

     146783
	     127704

       67739
	         8035

         3369

	No children < 19 years

Children < 19 years
	     143522

     148664
	     102170

     113085
	         2520

         1655
	     173282

     176067
	     108164

     120540
	         5471

         5933

	Not living with adults

Living with another adult
	     132943

     156640
	       87248

     120078
	         1952

         2223
	     158010

     180452
	       96003

     119996
	         2907

         8497


It appears from the above table that for all subgroups except for persons aged 15-25, the persons who did not participate accounted for the lowest income. This is attributable to special characteristics associated with the non-response rate, e.g. persons with the lowest level of education and unemployed account for the highest non-response. Some of the variables are able to reduce the bias, e.g. education and occupation. However, this information was not known when the various methods were to impute the missing values.  

4.4.2 Evaluating of the imputation

In order to describe the effectiveness of the imputation the linear regression model can, e.g. be estimated: 
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 is the true value. It appears from table 3
 that for all 24 various imputations which have been tested on DLFS, a slope  
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, which is less than 1, are estimated. Thus, the imputation is not able to remove the entire bias of the non-response. However, several methods only result in a minor overestimation of the mean income for all 15,579 persons who were selected. 

Table 3. Relationship between the true and the imputed values and the numerical errors

	
	Method
	Esti-

mation

/Donor
	Slope
	t val
	mse      
	R*R  
	 m 1  
	m 2
	MSE

	DL21110

DL21120

DL21130

DL21140

DL21150
	MLP quick 2

MLP quick 20

MLP dynamic

MLP multiple

MLP prune
	E

E

E

E

E
	0.923

0.939

0.892

0.913

0.893
	-14.7

-14.1

-27.6

-21.0

-28.1
	  7003529113

  6241867909

  6400848668

  6235500054

  6292790808
	0.390

0.457

0.445

0.458

0.454
	  4803

    604

  9551

  5288

  8771
	  5364964882

  5466857151

  3162220193

  4197224414

  3138454147
	     2620472

     1020321

     7528796

     2995240

     6509871

	YL20001

YL20002

YL20003

YL20004

YL20005
	CMM nn

CMM random

CMM mean

CMM weighted mean

CMM median                                              
	D

D

E

E

D
	0.832

0.773

0.886

0.886

0.946
	-35.2

-41.4

-28.8

-28.8

-13.9
	  9569009086

11900000000

  6652994619

  6648029533

  6679189338
	0.262

0.145

0.424

0.424

0.423
	  7290

10728

11516

11499

  1132
	    888155314

  2544173608

  3047531467

  3050703655

  6904997159
	     4904610

     9367060

   10488351

   10460707

     1047917

	FL20001

FL20002

FL20003

FL20004

FL20005

FL20006
	NN

SOM-NN

RBNN linear without noise

RBNN linear with noise

RBNN loglinear without noise

Overall random hot decking
	D

D

D

D

D

D
	0.842

0.793

0.808

0.815

0.835

0.562
	-28.1

-37.0

-33.9

-33.0

-30.7

-62.8
	10100000000

11000000000

10800000000

10400000000

  9882576471

17939060000
	0.232

0.187

0.197

0.213

0.250

0.000
	  1322

  6572

  8338

  7678

  4344

30713
	  1811656379

    847621692

  1313560807
    799102597

        3745782

12593550000
	     1197455

     4195726

     6084127

     5318441

     2446269

   68922613

	RL2002

RL2003
	SVM greedy bottom up

SVM stratified
	E

E
	0.941

0.941
	-14.7

-14.1
	  6473310831

  6477665209
	0.439

0.438
	  1400

  1446
	  6242058236

  6259512366
	     1109103

     1117663

	OL20001

OL20002
	DIS regr. with all variables

DIS reg. with all except area
	E

E
	0.807

0.834
	-40.9

-32.8
	10200000000

  9658856881
	0.224

0.243
	11252

  6315
	  2286197959

    543320167
	   10181466

     3927580

	JL20003

JL20005
	SOM random donor

SOM nearest neighbour
	D

D
	0.850

0.862
	-27.3

-28.6
	10400000000

  9350027835
	0.196

0.265
	    402

    947
	  3611230060

  2533995253
	     1055018

     1121543

	Cl20001
	REG Linear regression
	E
	0.922
	-18.7
	  6352749474
	0.449
	  3181
	  4974625603
	     1710695

	DL21600
	SOLAS Hot Deck
	D
	0.743
	-44.7
	13100000000
	0.105
	11553
	  3621201643
	   10704072


The five best results are underlined.

The neural networks MLP quick 20 and SOM yield the best estimation of the mean income (
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), with total numerical errors of less than 1,000. But the CMM median, NN and SVM have also yielded good results. However, the standard method linear regression (REG) is a comparatively good method, and is better than many of the other methods.

As random errors are also imputed in cases where donor imputation is applied, reflecting the variation in the data material, which imply that the results achieved by e.g. RBNN and SOM with respect to the bias, are not methodical quite so good. This is especially true when looking at the slope and 
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. In the light of this, the results achieved by SOM are particularly good.   
The other essential problem is the efficiency of the imputation used to describe the distribution and the variation in the material. The Kolmogorov-Smirnov distance (K-S) measures the largest difference between the two numerical distribution functions. The area between the two empirical distributions functions in first and second moment is also calculated.

Table 4.Kolmogorov-Smirnov distance

	Testdata
	Method
	Esti-

mation

/Donor
	K S  
	K-S 1
	K-S 2

	DL21110

DL21120

DL21130

DL21140

DL21150
	MLP quick 2

MLP quick 20

MLP dynamic

MLP multiple

MLP prune
	E

E

E

E

E
	0.1440

0.0711

0.2072

0.0922

0.1126
	0.0212

0.0128

0.0232

0.0182

0.0221
	0.00134

0.00035

0.00165

0.00072

0.00116

	YL20001

YL20002

YL20003

YL20004

YL20005
	CMM nn

CMM random

CMM mean

CMM weighted mean

CMM median                                              
	D

D

E

E

D
	0.0599

0.0848

0.1490

0.1492

0.1349
	0.0109

0.0136

0.0261

0.0261

0.0218
	0.00036

0.00066

0.00191

0.00190

0.00111

	FL20001

FL20002

FL20003

FL20004

FL20005

FL20006
	NN

SOM-NN

RBNN linear without noise

RBNN linear with noise

RBNN loglinear without noise

Overall random hot decking
	D

D

D

D

D

D
	0.0498

0.0683

0.0766

0.0778

0.0517

0.1691
	0.0082

0.0110

0.0113

0.0114

0.0079

0.0316
	0.00018

0.00039

0.00045

0.00047

0.00018

0.00335

	RL2002

RL2003
	SVM greedy bottom up

SVM stratified
	E

E
	0.0989

0.0946
	0.0180

0.0185
	0.00075

0.00076

	OL20001

OL20002
	DIS regr. with all variables

DIS reg. with all except area
	E

E
	0.0822

0.0580
	0.0141

0.0116
	0.00067

0.00037

	JL20003

JL20005
	SOM random donor

SOM nearest neighbour
	D

D
	0.0359

0.0434
	0.0080

0.0076
	0.00012

0.00014

	Cl20001
	REG Linear regression
	E
	0.0771
	0.0183
	0.00063

	DL21600
	SOLAS Hot Deck
	D
	0.0798
	0.0137
	0.00061


The five best results are underlined.

The area between the two distribution functions is lowest for SOM and NN, but also for “RBNN loglinear without noise” and “DIS without area”. In general, SOM is superior with respect to the Kolmogorov-Smirnov distances. SOM is in general also among the best to minimize the mean error (m 1), but pays a price with respect to other measures of the quality of the imputation.

One can therefore discuss the meaning of comparing all the measurements in appendix A at the same time. But if it is anyway tried, “MLP quick 20”, SOM and linear regression are the three best methods. In evaluating which imputation method is best suited, depends on the purpose of the imputation. It is therefore difficult to give a unanimous statement of the methods applied, but it will be fair to underline strength of SOM. SOM is able to achieve total numerical errors of less than 1,000, which must be regarded as an impressive reduction of the bias in connection with non-response. Simultaneously, SOM is able to obtain good results with respect to imputing the variation in the data material.   
4.4.3 Multiple independent random imputations

Half of the applied imputations in the analysis given above are estimated ”mean estimation” imputations without any random term. This imputation has a tendency of underestimating the variance. An imputation that includes the random error term can retain the distribution, but this will on the other hand imply that the mean will be estimated less precisely. A solution to this problem is to perform several independent imputations using a random error term. If M independent imputations with a random error term are performed then it is possible to calculate precisely mean and variance estimates of the given and the imputed values (Rubin, 1987):
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Multiple independent imputations with random error terms retain the distribution and yield precise estimates of mean estimates. Simultaneously it is possible to obtain an estimate of the variance
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, which also takes into account that the imputed values are random.

Literature

Little, R.J.A. & Rubin, D. B. Statistical analysis with missing data. Wiley, 1987.

Rubin, D.B. Multiple imputation for nonresponse in surveys. Wiley, 1987.

Cochran, W.G. Sampling Techniques. Wiley, 1977.

Allison, P.D. Missing data. Sage, 2002.

Appendix 1. Table of all results of the 24 imputations

.

	Testdata
	Method
	Esti-

mation

/Donor
	Slope
	t val
	mse      
	R*R  
	dL1
	dL2
	dLinf
	K S  
	K-S 1
	K-S 2
	 m 1  
	m 2
	MSE

	DL21110

DL21120

DL21130

DL21140

DL21150
	MLP quick 2

MLP quick 20

MLP dynamic

MLP multiple

MLP prune
	E

E

E

E

E
	0.923

0.939

0.892

0.913

0.893
	-14.7

-14.1

-27.6

-21.0

-28.1
	       7003529113

       6241867909

       6400848668

       6235500054

       6292790808
	0.390

0.457

0.445

0.458

0.454
	  52046

  46538

  47599
  47018

  46804
	  83450

  78639

  80042

  78701

  79329
	885402

868315

829097

848750

822795
	0.1440

0.0711

0.2072

0.0922

0.1126
	0.0212

0.0128

0.0232

0.0182

0.0221
	0.00134

0.00035

0.00165

0.00072

0.00116
	  4803

    604

  9551

  5288

  8771
	   5364964882

   5466857151

   3162220193

   4197224414

   3138454147
	     2620472

     1020321

     7528796

     2995240

     6509871

	YL20001

YL20002

YL20003

YL20004

YL20005
	CMM nn

CMM random

CMM mean

CMM weighted mean

CMM median                                              
	D

D

E

E

D
	0.832

0.773

0.886

0.886

0.946
	-35.2

-41.4

-28.8

-28.8

-13.9
	       9569009086

     11900000000

       6652994619

       6648029533

       6679189338
	0.262

0.145

0.424

0.424

0.423
	  62391

  74261

  48783

  48754

  45132
	102680

117357

  81747

  81714

  81157
	850380

884379

833999

834028

834249
	0.0599

0.0848

0.1490

0.1492

0.1349
	0.0109

0.0136

0.0261

0.0261

0.0218
	0.00036

0.00066

0.00191

0.00190

0.00111
	  7290

10728

11516

11499

  1132
	     888155314

   2544173608

   3047531467

   3050703655

   6904997159
	     4904610

     9367060

   10488351

   10460707

     1047917

	FL20001

FL20002

FL20003

FL20004

FL20005

FL20006
	NN

SOM-NN

RBNN linear without noise

RBNN linear with noise

RBNN loglinear without noise

Overall random hot decking
	D

D

D

D

D

D
	0.842

0.793

0.808

0.815

0.835

0.562
	-28.1

-37.0

-33.9

-33.0

-30.7

-62.8
	     10100000000

     11000000000

     10800000000

     10400000000

       9882576471

     17939060000
	0.232

0.187

0.197

0.213

0.250

0.000
	  66379

  72160

  69398

  68156

  64607

114566
	103504

111036

109901

107377

103779

162215
	870720

870720

847395

895074

880970

971755
	0.0498

0.0683

0.0766

0.0778

0.0517

0.1691
	0.0082

0.0110

0.0113

0.0114

0.0079

0.0316
	0.00018

0.00039

0.00045

0.00047

0.00018

0.00335
	  1322

  6572

  8338

  7678

  4344

30713
	   1811656379

     847621692

   1313560807
     799102597

         3745782

 12593550000
	     1197455

     4195726

     6084127

     5318441

     2446269

   68922613

	RL2002

RL2003
	SVM greedy bottom up

SVM stratified
	E

E
	0.941

0.941
	-14.7

-14.1
	       6473310831

       6477665209
	0.439

0.438
	  45113

  45695
	  79937

  79962
	848858

847997
	0.0989

0.0946
	0.0180

0.0185
	0.00075

0.00076
	  1400

  1446
	   6242058236

   6259512366
	     1109103

     1117663

	OL20001

OL20002
	DIS regr. with all variables

DIS reg. with all except area
	E

E
	0.807

0.834
	-40.9

-32.8
	     10200000000

       9658856881
	0.224

0.243
	  64602

  63225
	107385

102042
	870720

869105
	0.0822

0.0580
	0.0141

0.0116
	0.00067

0.00037
	11252

  6315
	   2286197959

     543320167
	   10181466

     3927580

	JL20003

JL20005
	SOM random donor

SOM nearest neighbour
	D

D
	0.850

0.862
	-27.3

-28.6
	     10400000000

       9350027835
	0.196

0.265
	  64992

  60267
	104274

  98870
	955189

955189
	0.0359

0.0434
	0.0080

0.0076
	0.00012

0.00014
	    402

    947
	   3611230060

   2533995253
	     1055018

     1121543

	Cl20001
	REG Linear regression
	E
	0.922
	-18.7
	       6352749474
	0.449
	  46960
	  79278
	836901
	0.0771
	0.0183
	0.00063
	  3181
	   4974625603
	     1710695

	DL21600
	SOLAS Hot Deck
	D
	0.743
	-44.7
	     13100000000
	0.105
	  78753
	124914
	965724
	0.0798
	0.0137
	0.00061
	11553
	   3621201643
	   10704072


The five best results are underlined

� All the results are in appendix A last in the chapter





_1104262536.unknown

_1107114093.unknown

_1107118751.unknown

_1109666958.unknown

_1107113897.unknown

_1027340840.unknown

_1102957010.unknown

_1102957767.unknown

_1102977219.unknown

_1102957464.unknown

_1102956694.unknown

_1018278930.unknown

