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£ ZoHEARE ZolbnGol 488 4 A

Maximum Likelihood Bayesian

Scenario Param Truth  Mean Median Var MSE Mean Median Var MSE
1 010 1 0.99% 0.995 0.028 0.028 1.029 1.030  0.029 0.030
020 20 20.107 20.104 0.308 0.320 20.114 20.112  0.309 0.322

030 40 40.136  40.065 0.449 0.467 40.121 40.039 0456 0.470

040 2 2011 1.944 0.235 0.235 2.004 1.965 0.244 0.244

2 010 1 0969 0.970 0.066 0.067 1.010 1.009 0.064 0.064
020 20 20.021 19.962 0.440 0.441 20.045 19979 0442 0444

030 40 40.017 40.058 1.109 1.109 40.056 40.105 1.118 1.121

040 5 5.034 4998 0.566 0.567 5.052 5.003 0570 0.573

3 010 1 1.070 1.054 0272 0276 1.173 1.113  0.157 0.187
020 20 20.020 19.898 0.940 0.940 20.085 19.959 0933 0.940

030 40 40.140 39.949 3.861 3.881 40.392 40.266 3.993 4.146

040 10 9.771 9.595 2.586 2.638 9.769 9.701  2.007  2.060

4 010 2 1.99%4 1.980 0.060 0.060 2.033 2.023 0.060 0.061
020 20 20.015 19.964 0.369 0.369 20.018 19.958 0.372 0.373

030 40 40.026 40.052 0.479 0.479 40.004 40.043 0489 0.489

040 2 1980 1.949 0.332 0.332 1.962 1.956 0343  0.344

5 010 2 1958 1.992 0.108 0.110  1.988 2.023 0.109 0.109
020 20 19.984 19976 0.483 0.483 20.016 20.014 0490 0.490

030 40 39.955 39989 1.383 1.385 39.993 40.063 1.395 1.395

049 5 40918 4.882 0.920 0.926 4972 4949 0968 0.969

6 010 2 1.864 1.884 0.465 0484 1.866 1.794 0302 0.320
020 20 20.221 20.224 0907 0.955 20.366 20.395 0930 1.064

030 40 40.158 40.365 5.511 5.535 40414 40.551 5.667 5.839

040 10 10.180 9.949 3.850 3.883 10468 10.410 3.173  3.392

7 010 5 4922 4934 0.181 0.187 4.968 4981 0.181 0.182
620 20 20.009 19.985 0.307 0.307 20.005 19.980 0.308 0.308

030 40 40.050 39918 0.902 0.905 40.020 39.856 0910 00911

040 2 2019 2.023 0.662 0.662 1.982 1.946  0.638 0.639

8 010 5 4903 4941 0.336 0.345 4.887 4949 0386 0.398
020 20 20.101 20.069 0.451 0461 20.156 20.107 0489 0.513

030 40 39.955 39.895 2.708 2.710 39.956 39.844 2759  2.760

040 5 5.073 4776 2.329 2335 5.260 4918 3.0609 3.137

9 010 5 4714 4886 1.376 1.458 4.289 4.281 1.258 1.764
029 20 20.277 20.122 0.889 0.966 20.749 20.589 1.394  1.955

030 40 40.210 40.003 8.598 8.641 40.363 39.989 10.230 10.362

040 10 10.537 10.203 8.951 9.240 12.122 11.902 12456 16.959

Param,Parameter; Var,Variance; MSE,mean squared error
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Azkolth 2R Y oRE AUSE 283 Wol e 2AZhE
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3 2O PARE SoIFRe] 453 27 A3
Maximum Likelihood Bayesian
Scenario Param Truth Mean Median Var MSE  Mean Median Var MSE
1 010 1 0.998 0.996 0.032 0.032 1.034 1.027  0.032 0.033
020 20 20.015 20.060 0.412 0412 20.028 20.072 0413 0414
030 40 40.014 39972 0.548 0.548 39.998 39.967 0.548 0.548
040 2 1939 1.946 0.267 0.270 1.935 1.942  0.262 0.266
2 010 1 0949 0.937 0.075 0.078 0.993 0.980 0.071 0.071
020 20 20.051 20.054 0.593 0.596 20.085 20.091 0.598 0.605
030 40 40.079 40.056 1436 1443 40.124 40.108 1467 1.482
040 5 5.079 5.060 0.819 0.825 5.097 5.085 0.811 0.821
3 010 1 1.056 1.082 0.289 0.292 1.173 1.114  0.163  0.192
620 20 20.013 19940 0.997 0.997 20.088 20.027 1.009 1.017
030 40 39972 40.012 3.840 3.841 40.254 40.240 4.013 4.077
040 10 9.713 9.562 2818 2900 9.691 9.673 2127 2222
4 010 2 2001 2.013 0.064 0.064 2.042 2.048 0.064 0.066
020 20 20.006 20.057 0463 0464 20.016 20.049 0461 0.462
030 40 39.966 39964 0.573 0.574 39.945 39949 0.559 0.562
040 2 1.949 1.902 0340 0.343 1.933 1.881 0.346  0.350
5 010 2 1982 1.982 0.119 0.119 2.012 2.019 0.120 0.120
020 20 20.049 20.021 0.583 0.585 20.091 20.071 0.587 0.595
030 40 40.045 39969 1.673 1.675 40.086 39.994 1.697 1.704
040 5 4.892 4865 0.864 0.876 4.955 4917 0940 0.942
6 010 2 1971 1.970 0.520 0.521 1.953 1.891 0366 0.368
620 20 19973 19986 0.672 0.673 20.154 20.127 0.765 0.788
030 40 3996 39.714 4811 4812 40.243 39992 4971 5.030
040 10  9.852 9.973 3,555 3.577 10.215 10335 3.279 3.325
7 010 5 4953 4946 0.171 0.173  5.004 5.002 0.172 0.172
020 20 20.091 20.069 0.393 0.401 20.089 20.080 0.397 0.405
030 40 39915 39.845 1.009 1.016 39.862 39.810 1.018 1.037
040 2.017 1.893 0.803 0.803 1.956 1.832 0.836 0.838
8 010 5 40915 4997 0.282 0.289 4.886 4949 0384 0.398
020 20 20.093 20.085 0.582 0.590 20.154 20.104 0489 0.512
030 40 40.030 40.012 2982 2983 39946 39.833 2.769 2.772
040 5 5172 5.192 1.851 1.880  5.258 4918 3.074 3.141
9 010 5 4398 4.600 1.814 2.177 4.031 3.991 1.250 2.189
020 20 20.342 20.223 1.500 1.618 20.899 20.802 2.036 2.845
030 40 39.233 39.370 17.476 18.065 39.806 39.472 13.517 13.555
040 10 10.803 10.187 13.990 14.635 12437 12.290 15.378 21.319

Param,Parameter; Var,Variance; MSE,mean squared error

010=5< ull, 5=
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Absolute Deviation; MAD), A+tl 3 & H X}(Relative Standard Deviation;

VFARE 217 2o FR Y} Tolg R o] AR AREZ D) E
obFAE E ZolF R Yol AFAI A= o, H o -5 =578 ol A 2] AIC(Akaike
information criterion) £} BIC(Bayesian information criterion)S-, H] ©] ] <}

ZF A ol A1) DIC(Deviance information criterion)S ©]&3lo] A EH

MAD = median|ho —A,|.

3.5)




Z4A5HM e TS FAE v 2%

Poisson data Negative-binomial data

MAD RSD Bias 1 Bias 2 MAD RSD Bias 1 Bias 2

1 MLE 0.099 0.093 0.069 0.069 0.015 0.099 0.027 0.037
BE 0.108 0.091 0.093 0.079 0.028 0.096 0.043 0.052

2 MLE 0.017 0.095 0.020 0.032 0.035 0.100 0.037 0.048
BE 0.041 0.092 0.047 0.039 0.046 0.097 0.047 0.051

3 MLE 0.026 0.078 0.036 0.049 0.035 0.079 0.049 0.068
BE 0.133 0.073 0.110 0.055 0.071 0.074 0.078 0.078

4 MLE 0.015 0.076 0.029 0.038 0.006 0.080 0.026 0.039
BE 0.056 0.076 0.058 0.051 0.020 0.079 0.046 0.057

5 MLE 0.031 0.076 0.041 0.059 0.036 0.080 0.039 0.052
BE 0.026 0.075 0.031 0.039 0.043 0.079 0.050 0.057

6 MLE 0.036 0.069 0.058 0.090 0.053 0.072 0.047 0.088
BE 0.047 0.066 0.096 0.095 0.036 0.069 0.043 0.044

7 MLE 0.030 0.059 0.050 0.072 0.088 0.062 0.083 0.102
BE 0.050 0.059 0.053 0.056 0.087 0.062 0.085 0.101

8 MLE 0.045 0.062 0.054 0.093 0.060 0.064 0.057 0.082
BE 0.079 0.063 0.075 0.107 0.080 0.063 0.082 0.108
9 MLE 0.050 0.059 0.069 0.122 0.074 0.075 0.089 0.206

BE 0.165 0.063 0.231 0.207 0.178 0.063 0.226 0.281
MLE,maximum likelihood; BE, Bayesian estimation, Bias 1, Equation(3.5); Bias 2, Equation(3.6).

oA R AR A P I 257 3B A AH 7N F
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E5 08 W) J B AEFE

Poisson — Poisson NB — NB
Sce. AIC BIC DIC AIC BIC DIC
1 0.779 0.779 0.719 0.598 0.593 0.628
2 0.789 0.789 0.794 0.643 0.638 0.658
3 0.729 0.724 0.729 0.508 0.513 0.528
4 0.814 0.814 0.683 0.611 0.616 0.623
5 0.789 0.789 0.774 0.528 0.523 0.523
6 0.819 0.814 0.774 0.603 0.603 0.618
7 0.814 0.824 0.683 0.593 0.593 0.583
8 0.754 0.754 0.648 0.613 0.613 0.628
9 0.849 0.849 0.566 0.628 0.633 0.648

Sce, Scenario; NB, Negative binomial.
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£6: 9T P AT AR 54 A3}

Maximum likelihood Bayesian
Model Param Estimate 95% C.1. Estimate 95% C.1.
0, 0.884 0.656 - 1.113 0.896 0.616 - 1.155
0, 3.274 2.635-3914 3.353 2.669 - 4.619
03 38.971 33.985 - 43.956 38.523 26.899 - 44.760
Poisson 04 2.368 -0.974 -5.711 2.965 0.044 - 17.280
AIC 343.8
BIC 354.7
DIC 338.981
0, 0.885 0.655-1.114 1.076 1.002 - 1.238
0, 3.274 2.624 - 3.924 3.272 2.662 - 4.029
03 38.972 33.930 - 44.015 38.580 32.150 - 44.000
NB 04 2.367 -1.011 - 5.745 1.749 0.039 - 7.146
AIC 344.1
BIC 354.9
DIC 340.866

Param,Parameter; NB,Negative binomial; C.I.,Confidence Interval

B2 W L7 98l A AICS} BICE A8t Th ¥l A3, Zold
B39 AICS} BIC7 B 27 Uehth. 5 A2 o) A 3 e
H)2317] $1510] DICE A}-2319t). 1 A7 TolsE 29l D
o 27 et &, 35 B2 2] tlel A Eols R E )
Faim & 5

99] A7 o2 =23} v W3k 2} sk}, Kim and Cheon (2013)

_4

o
ICZko
=

_[N

2 B 217 of g3t £ W3} Al H(structural change-point)©] 2 H |
Al detdeAE FASAT 4 2kt =4104 72 W3}
7} Ao kg Aol gt o =3}l th 3, Bradley er al. (1992) QA 5
Az ol th gk 2 A3 A F Y 37 27}, 39,40,41 2 LpERG o1, o]
1889 ] 1892 X Ate]o]l ¥is}7F Aot A olet F7 33Tt
T =i AHet E =RoA A8 A= F8 3k W o] A 2k 5

(<

rlr

52



—— Observation
—— P model-MLE
—— P model-BE

NB model-MLE
NB model-BE

o _]
™

o _]
V]

o
AN

1985 1990 1995 2000 2005 2010

1980

43

#7

—

H
=

]

o

=
T

29 13: 1978 - 201219 2 U W& A7 243

ofu

ofu

12 FYUS A A=

Eds

d

2] 35

37}

19783 H-€ 2012

-
.

U NE A A2 13)

= U o] A

...@.o

o

olJ
~

e

ofu

i
4
i
o

2ot A zFS 24 7F 41833} 3.676 0. 2 H ¢

fA} wl o]

ol ¥ A UeEth 5o1F

=249

53



E7.ZUWUHE AR s 24 27}

Maximum likelihood Bayesian
Model Param Estimate 95% C.I. Estimate 95% C.1.
0, 4.183 2.212 - 6.155 3.676 0.478 - 6.007
0, 17.898 15.338 - 20.457 18.712 15.720 - 24.520
03 17.080 14.463 - 19.697 17.255 13.770 - 21.260
Poisson 04 2.739 0.561 -4.917 3.664 0.965 - 8.705
AIC 201.1
BIC 207.5
DIC 181.627
0, 4.139 2.057 - 6.222 3.816 1.285 - 6.087
0, 17.926 15.116 - 20.736 18.712 15.530 - 24.760
03 17.064 14.279 - 19.849 17.374 13.820 - 21.820
NB 04 2.808 0.431-5.184 3.561 0.859 - 8.127
AIC 191.3
BIC 205.5
DIC 180.749

Param,Parameter; NB,Negative binomial; C.I.,Confidence Interval
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82 ol (A AR 24 A7)

Maximum likelihood Bayesian
Model Param Estimate 95% C.I. Estimate 95% C.1.
0, 3.964 1.787 - 6.140 3.828 1.638 - 5.343
0, 23.890 18.214 - 29.565 24.759 19.200 - 39.551
03 19.208 15.750 - 22.667 21.728 17.900 - 29.320
Poisson 04 3.968 1.260 - 6.677 3.750 1.542 - 8.385
AIC 204.2
BIC 210.5
DIC 190.870
0, 3.957 1.697 - 6.217 3.851 1.879 - 5.376
0, 23.896 17.606 - 30.187 24.823 18.630 - 41.010
03 19.207 15.424 -22.990 21.684 17.250 - 29.830
NB 04 3.977 1.056 - 6.897 3.688 1.146 - 8.128
AIC 203.1
BIC 209.3
DIC 165.815

Param,Parameter; NB,Negative binomial; C.I.,Confidence Interval
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Abstract

Modelling of The Learning Curves
on the Count Responses

Minji Choi
Department of Statistics
The Graduate School

Sungshin Women’s University

As a worker performs a certain job over and over again, he tends to spend
less time to complete the job with lower risk of failure. This is generally
called the learning-curve effect. In this paper, we focus on parametric mod-
els to capture the learning-curve effect inherent in count data by using some
discrete-type probability distributions and logistic cumulative distribution
function. This work extends Lee and Park (2012), which takes binary data
into account for modeling of the learning-curve effect. We use Maximum
likelihood method and the Bayesian method to estimate parameters, which
determine the characteristics of the learning curves. We consider various
simulation scenarios in order to clarify the behaviors of the models pro-
posed in this study and examine their performance. We also compare the
two discrete-type models: Poisson model versus Negative-binomial one by

means of some information criteria. The real application consists of the anal-
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yses of British coal-mine accident data and the earthquake count data in

South Korea.

Keywords : Poisson distribution, Negative-binomial distribution, Learning-
curve effect, Logistic distribution function, Maximum likelihood estimation

method, Bayesian method, British coal-mine data.
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