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Abstract

R-indicator (representativeness indicator) is used to check the representativeness of samples when non-
responses occur. The representativeness is related with the accuracy of parameter estimator and the accuracy
is related with bias of the estimator. Hence, unbiased estimator generates high accuracy. Therefore, high
value of R-indicator guarantees the accuracy of parameter estimation with a small bias. R-indicator is
calculated through propensity scores obtained by logit or probit modeling. In this paper we investigate the
degree of relation between R-indicator and different non-response rates in strata using simulation studies.
We also analyze a modified Korea Economic Census data for real data analysis.
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EAk(variance) 7t B ¥ (bias) &2 FAF o] Sltt. #ate] #ow WX (precision) 7b FCHL Sk, A
o] Zto W AEE (accuracy) 7t T gty AU A9 A5 $7F Eolvtd dWHH o g ozl
o} webA] T8 H vlE&o] ZotAA HH FA 0 AR AFR —?7} EolEA 7] WiEo AEEE W
olA A A Hrt wEhA] FIH HE EE SHES FAEEY H-E 5 Qi
2E} AR Aol ARe) 49 2A WA ek ASkee AT WA A3 Eo 2y
2 g e HW AL QolAnh mebd ATEE RES HEAS o83 A Ak
22 ®2E o] tEA (representativeness) S A= A7) /M= Qo8 o] & R-A|4=(representative-
ness indicator; R-indicator)2} $-2r}. Kruskal®} Mosteller (1979)= thEA 7Ndol #3te] AF3}
Gt o =FoA tlEAL] o] EHQ representativity 2} representativeness7} E-8F o] AFR-FH
I o1} representativeness7F B @o] AREE I QIth. #Z Schouten 5 (2009, 2011)°] &5 i
/J (response representativeness)2] Fo|E FA|ZOo 7 A|AFP LT o]& o] A o] el AL
B A0) OIE LRANE RAG] A A RAS £ Yol AP AAS 4
e 2407 98 A8 RAed uhy oAlo] A% 2A} 24 24eko] Schouten 5 (2012)0]
A A= Tk =38 Ouwehand®} Schouten (2014)3} Schouten & (2013)2 R-A|+E 0|43t A&
B8 AATHT.

ATFNAE R-A7E B2 dvhvt wisHA 28R A7ttt & AT R-A52ke] 3A

29 ARL Fofol ATUYT ol A3 28N E RASO] B /1% AW AR 37
BACIA AETE BA B4 I AU AROIAL FH Aolat u]e] TIo] W
5l9E W], doIX R-A¢2} 1] w2 A root mean squared error(RMSE) 5 8|57 32
AE AT R o AA A7 FAE A 58 d&o] Qitt

oM,

I
tm
>~

H

oox 2 rhz
X
2 rr

it

2. R-A|5(representativeness indicator)

2.1. £ R-X|5(population R-indicator)
EA A F7HA 2 Yol Atk WA 733Ul & A (strong representativeness) 2] 9= tf2-3F 2t}
pk:Pr(rk:1|sk:1):p7 k=1,...,N.

A e e ol se) o1 01 1 oIt 1 5 S5l 0 A
ot} whA <kl Ul & A (weak representativeness)2 EFTHo] S 07 o] AtiE 2 AA Aol
o & Ao+ v 2t

1 Np,

Ph = m;f’r(rhk = 1|spe = 1) = p, k=1,...,Np,h=1,...,L.

ol 7t THE B¢ SHEEC T2 AL vty S8 S FEY Fwg AT 5 7] "l
AA R-AF A71E A48 5 gtk A7A st ree hFA ALt s A A Wgoltt
o|Al A7 pr,k =1,..., N7} BE daoA &8A Avkal 7Hgsixk. 22ld §9EEY &8
= the s go) el A,

Bl
(e

2t

S(p) $ 12%—7
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o 2 ol§8 R-A5E the} 2ol AojHrh.
R(p) = 1-25(p), (21)

o714 0 < S(p) < 0.50|2F 0 < R(p) < 1o] At}

AR AREAGNA BE pk = L. N7b TEA 9L Qoh webd ARRE pe 270
of st} &3] ARR-3= W ol dWkstAd 28 (generalized linear model) Q1 23 (logit) 283} =2

Yl (probit) 28 o]t} (Agresti, 2002). Bethlehem 5 (2008)3} Schouten 5 (2009)°A] AM&-3F 7|5 &
PAR-E. Z}’gﬂ %%%(response probability, response propensity)< pi°2} 39S W] SHEE

1 N s 1 n ﬁ 1 n

P A k k N

_ E — § PE E ) 2.2

p= N Pk " N N N Wk Pk, (2.2)
k=1 k=1 k=1

A7INE sp= TEO A= ‘1'ojx ®mEo] o™ ‘¢ AA|WHGolt) me FEEEO|L wy =

1/m2 AAZEA I et BE AL AAZFSAE olgste] T AEFE O Aol
th B oR RAGY FA R(p)E T A

R(p)=1-2 ﬁ;wk (pr—p)°. (2.3)

o s WY AFS A AR U 2 TS Foh wlebd TIPOE o) WY
AES FHs= 212 1§ S8 Horvitz-Thompson FHHOE Foj3 Hg FAFY] 4 75
oz o3t Hake] Augh o3} 22 #A) = Aoz &R Q) (Schouten 5, 2009)-
: (1= R(p))S (y)
< ")) .
)B (YHT)’ = 2p (2:4)

%

Aedoz ERzACN BAMS yol TR BAN A BFES o AEF po) WEASY B
Aol ols) AAATE. B ATAAE o] gho] B Hrigkow 1 oJwr} 24 g

Horvitz-Thompson 53¢ 250 Qo] Az}e]7] wlgol] me] el A w1 esiet.

3. RA0| AISE SH 24 e

0
T
i
F;
9&
OOI\

{ (generalized linear model)

1
SHEL dudow FelA A Atk Wb Aseld $HES FAF skl ojn] AHgHE B
o] AP R Yol ANSAYRGol A E3] Aok BYL 2B (logit model) 7 T2 MR
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% (probit model)o|t}. °] F EYPZ A5l HFsto] SHES 7
(7334, propensity score)2hal F-ETh & Aol AHE ARBMIFRY AL tE3t A

o] AR A A 3] A3 HE WY

7 23S

function; cdf), @& AFRSIC} Wb 23 230l

ASE n = 0(n) ' 2 AT o] BAL SAS T 712A A FAATNAE o]&F] G4A 3T £

2lth. Bethlehem 5 (2008)3%} Schouten 5 (2009)0] 9] & R-A|49] WE 43S 3H0lsl7] s
P} 22 Bz Up7E AR Eo] gitt wehx] 23 BEy Z2E B oA 3

g 5 Qe BR ASE AYst] $9E Bt AT fe ALtstolof

8

il
it
[e}
N
X,
>
o T

H2Z2E 93] BEFEE (sampling frame)©] ARRE =t o]

)
£ Fo0) A2 Fusk TYS) Ak oM Foln FEFEFE 3 AR &, F 24 mAY
S (NS BES () B o183 AEA wi = Ni/m 7t PG AF AR 58 A9 A
48 o83l R-ASE THTH

AAE j=1,...,6& A4 ujaeh we rt FH FARGOIL of
==Y 7 o

s AE, AR E T, SARRo] S FoH HlES 5%, 10%, 15% 2 RATE A%

1
2R 20 Aol w2t 3%, 5%, ThE FoH HER sto] BRTe AU F it SHEC 9F

A3 BRY 20 F7hte] AQRRl wet 2 AL 5%, 24 AL 10%, A 2] 4]
o 15%9] F3ue mejste] RAUS AYBTh o B A9 19 AYRF 13} 2
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Table 4.1. Design weights for strata

. Industry
Region
1 2 3 4 5 6
10.00 50.00 33.33 25.00 20.00 16.67
2 50.00 25.00 16.67 12.50 10.00 8.33
3 33.33 16.67 11.11 8.33 6.67 5.56

8% (3% + 5%) F-osHol A3, Z1°f‘ 19 A8 F 337} 4= 13% FSdo] HPsIEE
e T2 o E A9 39 AMYEF 59 62 22%] FEHo| DAL ¢
Al a; 9} 778 B SEEC 4 Frh

A4 BHY 30] F7ske] FAASel wel oA ASE el mAw
Case 1: 509 o9& 30%, 50-10082 20%, 100 °]A2 10%e] 7} F5HS UE

td
I
m{o
033
%,
ot

Case 2: 509 o]l 10%, 50-1008- 20% 183 1009 ]2 30%9] =7} Foo+e

RED mehd RE SYusst SRl 43S Fof el TSl Wbyt
TS &5 A4S A8 AR AR mYoltt

yi]'k:ai+7'j+€i]'k, izl,...,g,jzl,...,6,

A7) EEWEY 92 eps ATREL 24T RES BT ARGtk o BUAE 24
oA WET} 2L FEUAE 29T BE AEL Bl Aga7] mEelth AA ARANE S5
Soh W 2ol BAZL Gl ik e B dFelAE B3R ds w4 d5e] 4L
Zo7] Al FoH EAAAE AA 7k Alel B HF e AE Foke FeH A BAWE A
37 ol wheF B o] WS DAL QoW o] 5 HAWL 08T 33 Avke vje R
BHAAA R-A5o}e] BAZ sersy] oAl Ark. olo] $7 BPIA ASH SYUSe FHFS

Atz 9} FHAetrta 7Hg sttt
Eﬁéoﬂ /\}%lﬂ /E}—/F* %)\'E.E. o1 = 20 Qo = 40 a3 = 60 T1L = T2 = 10, T3 = T4 = 50, T5 = T = 100‘%
ARgSFATE a3 B MG 4,9 Q3 € S N(0,4), N(0,16)} log(e:) < N(0,1), N(0,2)1A A4
SAck ol 4 (24)04 Vo] AAARS] EEVA ] JFE Ve Ao FeA Jom Hilo)
2 5ol A Aolg Fs] Agtolrt.

Al

=

T3 AAA o7 AAVEAVE FEE 2] wid B AFelMe dAVEAE SFHE ohdaA A
/d8t3itt. Table 4.19] SR T AAZIEAE 5315tk 24 548 2T & 10,000 AMS-3F
A7) Wil AZEAE o8t ZETE GA et 5 Sk

Fdwse] $L 38 A we st AR By B GO AN 241 59 {9 BE A8}
ZAE 399 g ¢TRUEZL AT R-AS A7)0 mE A AU EAL fE B A7
A= vl FAZCTE HF(bias)2} EuHF(absolute bias; AB) 22]1 AlFgZ FFAFLXHroot

mean squared error; RMSE)E A28l 01 Ao+ v} Zth

K
Bias = ! Z ( TRUE) ,
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Table 4.2. Results of R-indicator and comparison statistics for population 1 with N(0,4)

N-R rate (%) R-indicator Bias Absolute bias RMSE
5 0.997 —198.0 3411.7 4320.7
10 0.996 —-93.8 3548.7 4436.2
15 0.995 —108.8 3479.3 4299.9
20 0.994 35.0 3625.9 4499.5

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.3. Results of R-indicator and comparison statistics for population 1 with N (0, 16)

N-R rate (%) R-indicator Bias Absolute bias RMSE
5 0.997 —-396.0 6823.4 8641.3
10 0.996 —187.6 7097.3 8872.3
15 0.995 —217.6 6958.6 8599.9
20 0.994 69.9 7251.8 8999.0

R-indicator = representativeness indicator; RMSE = root mean squared error.

T}S9] Table 4.20]4 Table 4.227}4] 2243 A= 4235199t} Table 4.20)A4] Table 4.12% $ 3}
A A AFEZE 0|23 Ato|w Table 4.13014 Table 4.22%= Z1- A7 BZE 0|23+ Aot}

4.2.1. B2EE 0|88 23t  AFEE AFE LA lA 0 =28} 45 o] 83 ATt EH o] §
th R-AS] A9 B4 yhol FAe] wgol old E4kE ARRstel® A vt =S A,
A8, RMSE+ E382ke] 2718} vjestr] 2ol o = 2% 2ol vls) o = 49] 3= vl
Aol B 2uje] AHE Fuct. wEbA N(0,16)014 o3 A= F7HE AHE F3 Y

ottt FAIRoE dojR A= the 2l WA Table 4.29F Table 4.3 23 ¢ 19] Z2itg &
FASHA BE SolA 1F Feo] At mekA A R doA MCARS g F-3Ho] st
o F5HF Hgol FAH =2 R-ASFE Hola Jr}. Est SHE 75X E A =487 i+
of AFL A WA 2 Qi) ot FEHo g FHpIF SojE 7] wfo] RMSEZ} 92t 5713t
= A oy a2 zpole mulsit). 20 2 Table 4.49} Table 4.7 2Rt 29} B3 39 Ayt &
HE oE 2719 F8Hel BAgth metA S FeHEEC] 2] dige] R-Age Wkl 1
Hu B4 24 A 38 BAVSAE ARS8 w2l BE ZA| Utk T3 Table 4.204] Table
4.79] Adf H3FH RMSEES 7|22 AFHolr & xolE Hol1 Y| ot} meby SHE 789
Eo] Agolste] FiHo® w2 R-AF7F dojAH ek S o] FSHEHE] v JA 2y F4
o] Aol A FFE AA el o|H 3 A= Table 4.894] Table 4.11 4% dojZth.
Table 4.8°14] Table 411> RFt 49] AHRZ o] RoA & FAAT| Wt 712 F-gHe] st
Itk wEkA SHEE SHEEC] U GEbAY] di2el R-Age 0% FoAA "ok ey At
A A 123 RMSE+ 34 $718H4] e

<
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Table 4.4. Results of R-indicator and comparison statistics for population 2 with N(0,4)

N-R rate (%) in «; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.967 219.9 3303.2 4105.6
(3, 5, 15) 0.895 102.9 3438.9 4353.3
(3,7, 15) 0.900 —58.7 3444.1 4321.9
(5, 10, 15) 0.918 —29.2 3442.7 4338.0
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.5. Results of R-indicator and comparison statistics for population 2 with N (0, 16)
N-R rate (%) in «; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.967 439.8 6606.4 8211.1
(3, 5, 15) 0.895 205.9 6877.8 8706.6
(3,7, 15) 0.900 —117.4 6888.3 8643.7
(5, 10, 15) 0.918 —58.4 6885.3 8676.1
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.6. Results of R-indicator and comparison statistics for population 3 with N (0, 4)
N-R rate (%) in «; N-R rate (%) in B; R-indicator Bias Absolute bias RMSE
3,5, 7) 3,5, 7) 0.956 —68.9 3542.8 4456.9
» (2, 5, 10) 0.930 —260.2 3498.8 4412.2
(3, 5, 15) (3,5, 7) 0.895 —240.7 3506.5 4366.3
T (2, 5, 10) 0.885 26.0 3528.4 4366.9
(3,7, 15) (3,5, 7) 0.899 183.9 3505.6 4296.7
T (2, 5, 10) 0.889 —278.0 3535.4 4423.2
(5, 10, 15) (3,5, 7) 0.915 141.9 3670.5 4596.1
o (2, 5, 10) 0.902 179.3 3545.3 4469.9
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.7. Results of R-indicator and comparison statistics for population 3 with N (0, 16)
N-R rate (%) in «; N-R rate (%) in 5; R-indicator Bias Absolute bias RMSE
(3, 5,7) 3,5, 7) 0.956 —137.8 7085.5 8913.8
T (2, 5, 10) 0.930 —520.4 6997.7 8824.3
3,5, 7) 0.895 —481.5 7012.9 8732.5
(3, 5, 15)
(2, 5, 10) 0.885 52.0 7056.8 8733.8
(3,7, 15) 3,5, 7) 0.899 367.7 7011.3 8593.5
T (2, 5, 10) 0.889 —555.9 7070.8 8846.4
3,5, 7) 0.915 283.7 7341.0 9192.1
(5, 10, 15)
(2, 5, 10) 0.902 358.5 7090.6 8939.9

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.8. Results of R-indicator and comparison statistics for population 4 with N(0,4) and non-response rate

of employee (30%, 20%, 10%)

N-R rate (%) in «; N-R rate (%) in B; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.873 249.4 4005.9 4952.8
(3,5, 7) (2, 5, 10) 0.870 90.3 4005.9 5041.5
3. 5, 15) (3,5, 7) 0.860 —265.2 4131.1 5124.2
T (2, 5, 10) 0.856 —132.5 4061.9 5172.2
(3,7, 15) (3,5, 7) 0.862 222.0 4097.6 5108.5
T (2, 5, 10) 0.859 199.8 3957.6 5013.0
(3,5, 7) 0.870 —65.7 4178.0 5172.7
(5, 10, 15)
(2, 5, 10) 0.867 35.6 4011.2 4969.4

R-indicator = representativeness indicator; RMSE = root mean squared error.
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Table 4.9. Results of R-indicator and comparison statistics for population 4 with N (0, 16) and non-response rate
of employee (30%, 20%, 10%)

N-R rate (%) in «; N-R rate (%) in 3; R-indicator Bias Absolute bias RMSE
(3,5,7) 0.873 498.9 8011.7 9905.6
(3.5, 7) (2, 5, 10) 0.870 180.6 8011.7 10083.1
(3, 5, 15) (3,5, 7) 0.860 —530.4 8262.2 10248.4
T (2, 5, 10) 0.856 —264.9 8123.8 10344.3
5,7, 15) (3,5, 7) 0.862 444.0 8195.1 10217.0
T (2, 5, 10) 0.859 399.6 7915.1 10026.0
(3, 5,7) 0.870 —131.4 8356.1 10345.3
(5, 10, 15)
(2, 5, 10) 0.867 71.2 8022.4 9938.8

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.10. Results of R-indicator and comparison statistics for population 4 with N (0, 4) and non-response rate
of employee (10%, 20%, 30%)

N-R rate (%) in «; N-R rate (%) in B; R-indicator Bias Absolute bias RMSE
(3, 5,7) (3,5, 7) 0.870 —-35.1 3705.0 4651.9

T (2, 5, 10) 0.865 —114.6 3802.8 4757.8

(3, 5, 15) (3,5,7) 0.853 27.5 3585.2 4532.2

T (2, 5, 10) 0.849 —184.7 3720.8 4708.7

(3,7, 15) (3,5,7) 0.856 —75.9 4023.2 5076.4

T (2, 5, 10) 0.852 202.9 3695.4 4687.1

(5, 10, 15) (3,5,7) 0.865 5.9 3919.0 4863.4

(2, 5, 10) 0.860 —63.8 3984.3 4977.3

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.11. Results of R-indicator and comparison statistics for population 4 with N(0,16) and non-response
rate of employee (10%, 20%, 30%)

N-R rate (%) in «; N-R rate (%) in 3; R-indicator Bias Absolute bias RMSE
3 5 7 (3,5, 7) 0.870 —70.3 7410.0 9303.7
(3,5, 7) (2, 5, 10) 0.865 —229.1 7605.7 9515.5

(3,5, 7) 0.853 54.9 7170.4 9064.4

(3, 5, 15)
(2, 5, 10) 0.849 —369.4 7441.6 9417.5
(3,7, 15) (3,5, 7) 0.856 —151.7 8046.3 10152.7
T (2, 5, 10) 0.852 405.8 7390.8 9374.2
(3,5, 7) 0.865 11.8 7837.9 9726.8

(5, 10, 15)
(2, 5, 10) 0.860 —-127.7 7968.7 9954.5

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.12. Results of R-indicator for population 4 with N(0, 4)

R-indicator

N-R rate (%) in o N-R rate (%) in Bs Case 1 Case 1* Case 2 Case 2*
3,5, 7) (3,5,7) 0.873 0.971 0.870 0.968
T (2, 5, 10) 0.870 0.950 0.865 0.945
(3, 5, 15) (3,5,7) 0.860 0.921 0.853 0.913
T (2, 5, 10) 0.856 0.912 0.849 0.904
(3,7, 15) (3,5, 7) 0.862 0.925 0.856 0.918
T (2, 5, 10) 0.859 0.916 0.852 0.908
(3,5, 7) 0.870 0.938 0.865 0.932
(5, 10, 15)

(2, 5, 10) 0.867 0.927 0.860 0.920
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Table 4.13. Results of R-indicator and comparison statistics for population 1 with log —N (0, 1)

7

N-R rate (%) R-indicator Bias Absolute bias RMSE
5 0.997 —237.6 3735.3 4677.5
10 0.996 —236.9 3777.5 4724.8
15 0.995 —41.3 3747.8 4691.5
20 0.994 188.4 3906.8 4906.2
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.14. Results of R-indicator and comparison statistics for population 1 with log —N (0, 2)
N-R rate (%) R-indicator Bias Absolute bias RMSE
5 0.997 —608.6 11601.4 14711.5
10 0.996 —839.6 11578.4 14703.8
15 0.995 162.0 11958.8 15086.8
20 0.994 635.1 12505.2 16071.7
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.15. Results of R-indicator and comparison statistics for population 2 with log —N (0, 1)
N-R rate (%) in «; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.967 191.1 3520.3 4462.5
(3, 5, 15) 0.895 102.3 3635.0 4587.5
(3,7, 15) 0.900 34.9 3793.3 4699.9
(5,10, 15) 0.918 44.3 3783.8 4747.9
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.16. Results of R-indicator and comparison statistics for population 2 with log —N (0, 2)
N-R rate (%) in «; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.967 519.6 11056.5 15317.6
(3, 5, 15) 0.895 356.5 11589.4 14553.6
(3, 7, 15) 0.900 15.8 11732.0 14731.9
(5, 10, 15) 0.918 368.9 11920.6 15306.1
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.17. Results of R-indicator and comparison statistics for population 3 with log —N (0, 1)
N-R rate (%) in «; N-R rate (%) in 3; R-indicator Bias Absolute bias RMSE
(3, 5,7) (3,5, 7) 0.956 —323.1 3787.6 4737.6
T (2, 5, 10) 0.930 —31.6 3914.4 4882.1
(3, 5, 15) (3,5, 7) 0.895 —213.8 3804.3 4789.6
T (2, 5, 10) 0.885 —120.7 3854.0 4880.2
(3,7, 15) (3,5, 7) 0.899 39.2 3788.2 4709.7
T (2, 5, 10) 0.889 —222.1 3829.9 4735.8
(5, 10, 15) (3,5, 7) 0.915 63.6 3853.6 4869.9
o (2, 5, 10) 0.902 99.8 3902.9 4844.7
R-indicator = representativeness indicator; RMSE = root mean squared error.
Table 4.18. Results of R-indicator and comparison statistics for population 3 with log —N (0, 2)
N-R rate (%) in «; N-R rate (%) in S; R-indicator Bias Absolute bias RMSE
(3,5, 7) (3,5, 7) 0.956 —1263.0 11608.7 14565.6
P (2, 5, 10) 0.930 130.9 12211.3 15421.8
(3, 5, 15) (3,5, 7) 0.895 —404.5 12049.0 15509.1
T (2, 5, 10) 0.885 —453.1 12328.7 15601.6
(3,7, 15) (3,5, 7) 0.899 —17.4 11818.4 15033.1
T (2, 5, 10) 0.889 —478.8 11587.7 14930.3
(5, 10, 15) (3,5, 7) 0.915 164.5 12058.8 15450.6
T (2, 5, 10) 0.902 218.4 12256.6 15448.3

R-indicator = representativeness indicator; RMSE = root mean squared error.
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Table 4.19. Results of R-indicator and comparison statistics for population 4 with log —N (0, 1) and non-response
rate of employee (30%, 20%, 10%)

N-R rate (%) in a; N-R rate (%) in 3; R-indicator Bias Absolute bias RMSE
3,5, 7) (3,5, 7) 0.873 362.6 4349.4 5433.9

T (2, 5, 10) 0.870 21.3 4207.9 5306.8

3, 5, 15) (3,5, 7) 0.860 —135.3 4108.1 5182.9

T (2, 5, 10) 0.856 —169.8 4425.3 5636.3

(3,7, 15) (3,5, 7) 0.862 277.2 4456.7 5649.1

T (2, 5, 10) 0.859 250.6 4482.6 5612.2

(5, 10, 15) (3,5, 7) 0.870 89.3 4301.5 5418.1
T (2, 5, 10) 0.867 158.3 4384.4 5470.8

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.20. Results of R-indicator and comparison statistics for population 4 with log —N (0, 2) and non-response
rate of employee (30%, 20%, 10%)

N-R rate (%) in «; N-R rate (%) in B; R-indicator Bias Absolute bias RMSE
(3,5, 7) 0.873 738.8 13550.4 17277.4
(3,5, 7) (2, 5, 10) 0.870 —108.8 12789.1 16443.2
(3, 5, 15) (3,5, 7) 0.860 —362.0 13010.8 16505.5
T (2, 5, 10) 0.856 —647.2 13682.4 17568.1
(3,7, 15) 3,5, 7) 0.862 602.2 13935.7 18057.0
T (2, 5, 10) 0.859 1024.0 14261.9 18164.4
3,5, 7) 0.870 375.1 13226.9 16810.4
(5, 10, 15)
(2, 5, 10) 0.867 510.9 13795.4 17287.7

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.21. Results of R-indicator and comparison statistics for population 4 with log —N (0, 1) and non-response
rate of employee (10%, 20%, 30%)

N-R rate (%) in «; N-R rate (%) in 3; R-indicator Bias Absolute bias RMSE
. (3,5, 7) 0.870 ~105.2 11385 5212.1

T (2, 5, 10) 0.865 —277.0 4055.3 5106.1

3. 5. 15) (3,5,7) 0.853 0.8 3918.2 19224

» (2, 5, 10) 0.849 65.6 4126.8 5153.3

(3,7, 15) (3,5, 7) 0.856 —78.8 4299.9 5422.1

T (2, 5, 10) 0.852 223.7 4002.8 5035.8

(5, 10, 15) (3,5,7) 0.865 211.6 4209.8 5225.0
T (2, 5, 10) 0.860 —175.8 4170.4 5260.0

R-indicator = representativeness indicator; RMSE = root mean squared error.

Table 4.22. Results of R-indicator and comparison statistics for population 4 with log —N (0, 2) and non-response
rate of employee (10%, 20%, 30%)

N-R rate (%) in «; N-R rate (%) in B; R-indicator Bias Absolute bias RMSE
(3,5, 7) (3,5, 7) 0.870 —119.6 13027.3 16515.7
T (2, 5, 10) 0.865 —761.0 12737.0 16611.8
(3, 5, 15) (3,5, 7) 0.853 —55.4 12723.2 15978.3
T (2, 5, 10) 0.849 473.9 13179.0 16674.7
(3,7, 15) 3,5, 7) 0.856 —134.8 13202.1 17072.7
T (2, 5, 10) 0.852 447.3 12272.3 17072.7
3,5, 7) 0.865 684.7 13084.8 16384.8
(5, 10, 15)
(2, 5, 10) 0.860 —709.4 12930.4 16530.9

R-indicator = representativeness indicator; RMSE = root mean squared error.
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Table 4.23. Non-response rates for real data analysis

N-R rate (%) N-R rate (%) N-R rate (%) N-R
in region in company size in number of employees rate
(10, 10, 10) Rate 1
(10, 3, 5, 5, 10, 10)
(3,5, 7) (20, 10, 30) Rate 2
T (30, 10, 15) Rate 3
(10, 3, 5, 5, 10, 30)
(5, 10, 20) Rate 4
(20, 20, 20) Rate 5
(3, 5, 10) (10, 3, 5, 5, 15, 15)
(10, 30, 10) Rate 6
(30, 10, 15) Rate 7
(3, 10, 15) (30, 30, 5, 5, 30, 30)
(5, 10, 20) Rate 8

Table 4.24. Results of R-indicator and comparison statistics for real data analysis

N-R rate R-indicator Bias (x10%) Absolute bias (x10%) RMSE (x10%)
Rate 1 0.953 —134 1038 1304
Rate 2 0.938 —4266 4266 4444
Rate 3 0.806 7418 7418 7547
Rate 4 0.794 —6088 6088 6208
Rate 5 0.923 —79 1073 1340
Rate 6 0.924 —288 1053 1324
Rate 7 0.831 7399 7399 7575
Rate 8 0.847 —6176 6176 6327
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