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ABSTRACT

A Simulation Study on the Recovery of the Ability

Parameter of Bayesian Network

Deok—Jeong, Kim
Department of Education

The graduate school of Sungshin Women's University

This study attempted to confirm examinee’s accuracy of the estimation
for ability parameters utilizing the bayesian network through a simulation
study. For this, actual test data acquired from 3,000 respondents was
used. The test is composed of a total of 20 problems including 10
problems about cognitive attribute—algebra(Al) and 10 problems about
trigonometry(A2). Actual data was utilized to extract generating item
parameters(CPT) and utilize binary normal distribution and create true
ability parameters. The created true ability parameters were utilized to
estimate simulated examinee’s ahility parameters by differentiating the
‘correlations between cognitive attributes’ and ‘test length.

The ability parameter estimated in the bayesian network means an
attribute proficiency ratio and mastery and non-mastery of cognitive
attribute to each cognitive attribute. In an attempt to evaluate the
accuracy of the estimated ability parameters applying the bayesian

network, the true ability parameters and estimated ability parameters
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were compared, and rank-order correlation coefficients and mastery and
non-mastery of cognitive attributes classification accuracy between the
attribute proficiency ratios were calculated.

The findings are as follows: First, when it comes to the estimation
accuracy of the ability parameters according test length, the longer the
test length became, the higher the correlation coefficient between the

attribute proficiency ratios of the true ability parameter(p) and the ability

parameter(]g) showed. Likewise, the longer the test length became, the
higher the classification accuracy ratios of the mastery and non-mastery

of cognitive attributes(m) of the true ability parameter and the mastery

and non-mastery of cognitive attributes(ﬂAl) of the estimated ability
parameter showed. Through this, the estimation of ability parameters
applying the bayesian network was confirmed to be higher in estimation
accuracy as the test length becomes longer.

Second, when it comes to the accuracy of parameter estimation

according to the correlation between cognitive attributes, the attribute

proficiency ratio of the true ability parameter(p) and ability parameter( ]3)
did not have a big difference according t the correlation between
cognitive attributes. Likewise, the mastery and non-mastery of cognitive

attributes(m) of the true ability parameter and the classification accuracy

of mastery and non-mastery of cognitive attributes(ﬂAl) of the estimated
ability parameter did not show a regular pattern according to the
correlation. Through this, it was confirmed that the correlation between
cognitive attributes did not have a big influence on the accuracy of the

estimation for ability parameters. Through these results, the accuracy of
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the estimation for ability parameters could be confirmed by utilizing the

bayesian network.

Keywords : bayesian network, ability parameter, classification accuracy,

cognitive attribute, simulation study
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# 274 AR RAE JAT e 207 23] sHuS
model
{
# student model
for (i in 1:N) {
thetali,1] ~ dbern(alphalli]):
thetali,2] ~ dbern(alpha2[i]):
tauli,1] <- thetali,1] + 1:
tauli,2] <- thetali,2] + 1:
# priors on conditioanl probabilities among skills
alphalli] ~ dunif(0,1):
alpha2[i] ~ dunif(0,1):
}
maslpro <- sum(theta[1:N,1]) / N:
mas2pro <- sum(theta[1:N,2]) / N:

# evidence model 1: items requiring skilll only
# algebra(skilll): items 1,2,3,4,5,6,8,10
for (i in L:N){
rli,1] ~ dbern(pi[1, tauli,1]]):
r(i,2] ~ dbern(pi[2, tauli,1]]):
r(i,3] ~ dbern(pi[3, tauli,1]]):
r(i,4] ~ dbern(pi[4, tauli,1]]):
)
rli,6] ~ dbern(pi[6, tauli,1]]):
r(i,8] ~ dbern(pi[8, tauli,1]]):
r(i,10]~ dbern(pi[10,tauli, 1]]):
}
# evidence model 2: items requiring skill2 only
# tri(skill2): items 12,13,14,15,16,18,19
for (i in L:N){
rli,12]~ dbern(pi[12,tauli,2]]):
r(i,13]~ dbern(pi[13,tauli,2]]):
rli,14]~ dbern(pi[14,tauli,2]]):
r(i,15]~ dbern(pi[15,tauli,2]]):
( )
( )
( )

(
(
(
r(i,5] ~ dbern(pi[5, tauli,1]]):
(
(

r(i,16]~ dbern(pi[16,tauli,2]]):
r(i, 18]~ dbern(pi[18,tauli,2]]):
r(i,19]~ dbern(pi[19,tauli,2]]):
}

# evidence model 3: items requiring both skilll and skill2

# items 7,9,11,17,20
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for (i in 1:N)

theta[i,3] <- (thetali,1]* theta[i,2]):
tauli,3] <- thetali,3] + 1;

r(i,7] ~ dbern(pi[7, tauli,3]]):
r(i,9] ~ dbern(pi[9, tauli,3]]):
r(i,11]~ dbern(pi[11,tauli,3]]):
r(i,17]~ dbern(pi[17,tauli,3]]):
r(i,20]~ dbern(pi[20,tauli,3]]):

}

# CPT

beta [1,1] <- 0.4479
beta [1,2] <- 0.7950
beta [2,1] <- 0.2487
beta [2,2] <- 0.8426
beta [3,1] <~ 0.3564
beta [3,2] <~ 0.7566
beta [4,1] <- 0.1501
beta [4,2] <- 0.6423
beta [5,1] <- 0.2113
beta [5,2] <- 0.6415
beta [6,1] <- 0.2357
beta [6,2] <- 0.6354
beta [7,1] <- 0.2881
beta [7,2] <- 0.9287
beta [8,1] <- 0.2722
beta [8,2] <- 0.7155
beta [9,1] <- 0.4056
beta [9,2] <- 0.8330
beta [10,1]<- 0.3097
beta [10,2]<- 0.8235
beta [11,1]<- 0.1967
beta [11,2]<- 0.8325
beta [12,1]<- 0.3014
beta [12,2]<- 0.8021
beta [13,1]<- 0.3378
beta [13,2]<- 0.8875
beta [14,1]<- 0.2558
beta [14,2]<- 0.8005
beta [15,1]<- 0.2254
beta [15,2]<- 0.6576
beta [16,1]<- 0.2355
beta [16,2]<- 0.5727
beta [17,1]<- 0.3462
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beta [17,2]<-
beta [18,1]<-
beta [18,2]<-
beta [19,1]<-
beta [19,2]<-
beta [20,1]<-
beta [20,2]<-

0.7185
0.2790
0.7212
0.2459
0.6393
0.1538
0.7241
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model

{

for (i in 1:N) {

alphalli] <- phi(thetc[i,1]):
alpha2[i] <- phi(thetc[i,2]):
}
# student model
for (i in 1:N) {
thetali,1] ~ dbern(alphalli]):
thetali,2] ~ dbern(alpha2[i]):
tauli,1] <- thetali,1] + 1:
tauli,2] <- thetali,2] + 1:
}

maslpro <- sum(theta[1:N,1]) / N:
mas2pro <- sum(theta[1:N,2]) / N:

# & UA Q94 FgH As 0.8
corr[1,1] <- 1

corr[1,2] <- 0.8

corr[2,1] <- 0.8

corr[2,2] <- 1

TT[ 1:2, 1:2] <- inverse(corr[1:2, 1:2])

# fixed item parameters

beta [1,1] <- 0.4479
beta [1,2] <- 0.7950
beta [2,1] <- 0.2487
beta [2,2] <- 0.8426
beta [3,1] <- 0.3564
beta [3,2] <- 0.7566
beta [4,1] <- 0.1501
beta [4,2] <- 0.6423
beta [5,1] <- 0.2113
beta [5,2] <- 0.6415
beta [6,1] <- 0.2357

thetc[i,1:2] ~ dmnorm(mul ], TT[ , ]):
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beta [6,2] <- 0.6354

beta [7,1] <- 0.2881
beta [7,2] <- 0.9287
beta [8,1] <- 0.2722
beta [8,2] <~ 0.7155
beta [9,1] <~ 0.4056
beta [9,2] <~ 0.8330
beta [10,1]<- 0.3097
beta [10,2]<- 0.8235
beta [11,1]<- 0.1967
beta [11,2]<- 0.8325
beta [12,1]<- 0.3014
beta [12,2]<- 0.8021
beta [13,1]<- 0.3378
beta [13,2]<- 0.8875
beta [14,1]<- 0.2558
beta [14,2]<- 0.8005
beta [15,1]<- 0.2254
beta [15,2]<- 0.6576
beta [16,1]<- 0.2355
beta [16,2]<- 0.5727
beta [17,1]<- 0.3462
beta [17,2]<- 0.7185
beta [18,1]<- 0.2790
beta [18,2]<- 0.7212
beta [19,1]<- 0.2459
beta [19,2]<- 0.6393
beta [20,1]<- 0.1538
beta [20,2]<- 0.7241

for (i in 1:N) {
for (j in 1:K) {
x.tmpli,j] ~ dunif(0,1)
}

#evidence model 1 : items requiring skill 1 only algebra(skill 1): items 1, 2, 3, 4, 5, 6, 8, 10
for (i in L:N){
y.repli, 1] <- step(beta[l,tauli,1]] -x.tmpli, 1]

( #beta > x.tmp = 1, else 0
(beta[2,tauli,1]] -x.tmpli,2]

(

(

y.repli,2] <- step
betal[3,tauli,1]] -x.tmpli,3]
y.repli, 4] <- step(beta[4,tauli,1]] -x.tmpli,4]

)
)
y.rep[i,3] <- step )
)
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y.repli,b] <- step(betal5,tauli,1]] -x.tmpl[i,5])
y.repli,6] <- step(betal6,tauli,1]] -x.tmpl[i,6])
y.repli,8] <- step(betal8,tauli,1]] -x.tmpl[i,8])
y.repli, 10] <- step(beta[10,tauli,1]] -x.tmpli,10])

#tevidence model 2 : items requiring skill 2 only trigonometry(skill 2):

12,13,14,15,16,18,19

for (i in 1:N)
y.repli,12] <- step(beta[12,tauli,2]] -x.tmpli,12])
y.repli,13] <- step(beta[13,tauli,2]] -x.tmpli, 13])
y.repli,14] <- step(beta[14,tauli,2]] -x.tmpli,14])
y.repli,15] <- step(beta[15,tauli,2]] -x.tmpli, 15])
y.repli,16] <- step(beta[16,tauli,2]] -x.tmpli, 16])
y.repli, 18] <- step(beta[18,tauli,2]] -x.tmpli, 18])
y.repli,19] <- step(beta[19,tauli,2]] -x.tmpli, 19])

#evidence model 3 ! items requiring skill 1 and skill 2 : items 7, 9, 11, 17, 20
for (i in 1:N)
thetali,3] <- (thetali,1]xthetali,2]):
tauli,3] <- theta[i,3]+1:
y.repli,7] <- step(beta[7,tauli,3]] -x.tmpli,7])
y.repli,9] <- step(beta[9,tauli,3]] -x.tmpli,9])
y.repli,11] <- step(beta[ll,tauli,3]] -x.tmpli, 11])
y.repli,17] <- step(beta[17,tauli,3]] -x.tmpli, 17])
y.repli,20] <- step(beta[20,tauli,3]] -x.tmpli,20])

items
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35 4] WiolxIgh Y=o olst Bt 24 2t
" x0] 0= OS5}t p—
sgHe | g REG) || Toooe | EYEds
1 0.552 0.448 0.205 0.795 0.347
24 0.751 0.249 0.157 0.843 0.594
3 0.644 0.356 0.243 0.757 0.400
4 0.850 0.150 0.358 0.642 0.492
5 0.789 0.211 0.359 0.642 0.430
6t 0.764 0.236 0.365 0.635 0.400
7 0.712 0.288 0.071 0.929 0.641
8t 0.728 0.272 0.285 0.716 0.443
94 0.594 0.406 0.167 0.833 0.427
10 0.690 0.310 0.177 0.824 0.514
11 0.803 0.197 0.168 0.833 0.636
124 0.699 0.301 0.198 0.802 0.501
13 0.662 0.338 0.113 0.888 0.550
14 0.744 0.256 0.200 0.801 0.545
15 0.775 0.225 0.342 0.658 0.432
16W 0.765 0.236 0.427 0.573 0.337
17¢ 0.654 0.346 0.282 0.719 0.372
18 0.721 0.279 0.279 0.721 0.442
194 0.754 0.246 0.361 0.639 0.393
20 0.846 0.154 0.276 0.724 0.570
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(2% 5] AagEn 299 42AEY LAYBAS-P4g
AL p Dy Py | Ps | Ps | Ps | Pr | Ps | Pa | Pu | (3h)
1 2 3 4 5 6 7 3 9 10 | (SD)
=0 | 466 | 481 | 486 | 510 | 493 | 494 | 480 | 484 | 460 | .498 (04531%)
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=20

02427

02467

02442

0013

0.2400

2444
(0.0033)

=4 | 02432

02383

02430

0244

0.2453

02499

0.2404

.2439
(0.0031)

=8 | 02420

0.2457

02360

02432

02423

02403

0.2402

02444

02424

2419
(0.0027)

=40

r=0 | 023/

023%

02369

02418

02346

02420

02436

0.2401

0234

02346

.2389
(0.0031)

=4 | 023711

02378

02390

02413

02353

0.23%

0234

0.2400

0234

02349

2379
(0.0022)

r=.8 | 02371

02410

02375
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02352

02369

02332

02414

02375

.2383
(0.0024)

=60

r=0 | 02377
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2373
(0.0031)
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02378

02350

02393

0.2400

2373
(0.0022)

=8 | 0230
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02331

02397

02376

02400

02339

02363

02413

2373
(0.0024)
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P1o

7
(SD)

=20

02472

0.2459

02420

0.2456
(0.0019)

=4

02473

0.24%

0244

0.2463

02430

02460

02411

0.2453
(0.0023)

=8

02471

02452

02477

02453

02453

02430

02465

02406

0.2450
(0.0023)

=40

=0

02422

02339

02377

02341

02463

02343

0235

02363

02411

02439

0.2394
(0.0039)

=4

02420

02338

02377

02333

02459

02361

02387

02369

0.2408

02436

0.2393
(0.0038)

=8

0.2414

02391

02378

02337

02467

02349

0238

02369

0.2414

02439

0.2395
(0.0040)

=60

=0

0220

02338

02315

023902

02319

02360

02363

023%

02337

02361

0.2348
(0.0037)

=4

0220

02339

02313

02393

02319

02362

02363

02323

02390

02357

0.2349
(0.0038)

=8

02232

02338

02313

023902

02321

02363

02328

02390

02357

0.2349
(0.0037)

0.238

0.236

0.242

0.24
0.238
0.236
0.234
0.232

023

5]

0.226
0.224
0.222

1 2 3 4
1 2 3 4

1 2 3 4 5

5
6 7 -3 L4
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L4 10

10
10

M

mr=0
=4

mr=8

r=4

mr=8

ur=0
=4

mr=8



1=9] AaTolnet FHY 4TojRo] BRyY-hsat
(n=30,000)
Al. 420j% B8 gate
1=20, r= 0 1=20, r= 0.4 1=20, r= 0.8
m m m
10844 4266 10822 4266 10812 4227
m 4129 10761 4045 10867 m 3945 11016
21,605(72.02%) 21,689(72.30%) 21,828(72.76%)
1=40, r= 0 1=40, r= 0.4 1=40, r= 0.8
m m m
11052 3822 11139 3849 11131 3861
m 3992 11134 3830 11182 m 3813 11195
22,186(73.95%) 22,321(74.40%) 22,326(74.42%)
1=60, r= 0 1=60, r= 0.4 1=60, r= 0.8
m m m
11199 3719 11105 3770 10992 3778
m 3695 11387 3766 11359 m 3836 11394

22,586(75.29%)

22,464(74.88%)

22,386(74.62%)
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(%2 10] D4ToiRel 29 5DoR] REAY-IATL
(n=30,000)
A2. $Z0jy 22 Hag n=3,000
=20, r= 0 =20, r= 0.4 i=20, r= 0.8
m m m
10781 4163 10726 4218 10651 4293
m 4270 10786 4198 10858 4106 10950
21,567(71.89%) 21,584(71.95%) 21,601(72.00%)
1=40, r= 0 1=40, r= 0.4 1=40, r= 0.8
m m m
11115 3846 11089 3872 11042 3919
m 3848 11191 3805 11234 3784 11255
22,306(74.35%) 22,323(74.41%) 22,297(74.32%)
1=60, r= 0 1=60, r= 0.4 1=60, r= 0.8
m m m
11206 3707 11151 3734 11178 3745
m 3695 11392 3678 11437 3670 11445
22,598(75.33%) 22,583(75.29%) 22,623(75.41%)

_73_




o2 o3

49

(Al) 5207 ER8FE=(1)

v _geo] 09 0 290y 2w gee
_01] O 1 02| 0 1103 0 1 |.04] 0O 1 .05 0 1 |06 O 1 /.07 0 1 |_ 08| O 1 /.09 0 1 |_10| O 1
rlil 0 [1021| 428 | O |1094| 435 | O |1087| 441 0 |[1088| 408 | O |1060| 408 1106 | 433 0 |[1110| 437 | O |1090| 412 0 | 1089 452 0 |1099| 412
1 | 431 |1120| 1 | 416 | 1055 424 11048 | 1 | 405 |1099| 1 | 415 1117 403 |1058| 1 | 399 [1054| 1 | 412 |1086 417 | 1042 | 1 | 407 | 1082
(z%i; 2141(71.4%) 2149(71.6%) 2135(71.2%) 2187(72.9%) 2177(72.6%) 2164(72.1%) 2164(72.1%) 2176(72.5%) 2131(71.0%) 2181(72.7%)
T4 % 200, 4ol 049 1] $90% v A
01} 0 1102 0 1 /.03 0O 1 |_04] O 1 .05 0 1 |06 O 1 /.07 0 1 1. 08| 0O 1109 0 1 |10 O 1
r2il 0 1053 396 | O |1047| 482 |0 1094 | 427 0 |1106| 406 | O |1063| 411 0 |1095]| 423 0 | 1081 451 0 |1071] 445 0| 1101 | 413 0 | 1111 412
402 1149 43611035 | 1 407 11072 | 1 | 379 |1109| 1 | 409 | 1117 | 1 | 396 |1086| 1 | 404 [1064| 1 418 | 1066 411 | 1075 1 | 383 | 1094
(z%i; 2202(73.4%) 2082(69.4%) 2166(72.2%) 2215(73.8%) 2180(72.7%) 2181(72.7%) 2145(71.5%) 2137(71.2%) 2176(72.5%) 2205(735%)
T4 % 200, 4ol 049 1] $90% v A
01} 0 1102 0 1 /.03 0O 1 |_04] O 1 .05 0 1 |06 O 1 /.07 0 1 1. 08| 0O 1109 0 1 |10 O 1
r3il 0 | 1067 422 | (O |1036| 454 1094 | 435 0 |[1097| 408 | O |1097| 430 0 | 1084 405 0 |[1098] 409 | O |1068| 400 0| 1084 | 416 0 | 1087 448
377| 1134 419|1091 | 1| 3883|1083 | 1 |38 |[1111| 1 | 398 |1075| 1 | 402 |1109| 1 | 378 |1115| 1 421 | 1111 386 | 1114 1 | 392 |1073
(z%i; 2201(73.4%) 2127(70.9%) 2177(72.6%) 2208(73.6%) 2172(72.4%) 2193(73.1%) 2213(73.8%) 2179(72.6%) 2198(73.3%) 2160(72.0%)
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&0 T2 )3

49

(Al) 5207 EREHE(2)

T4 % 400, g0l 09 @ 208 vg Aer
_01] O 1 ]1.02] 0 1 .03 0 1 /.04 0O 1 .05 0 1 |_06] O 1 /.07 O 1 /.08 O 1 /.09 O 1 |_10] O 1
rli2 0 | 1133 387 1125 369 0 1068 | 372 0 | 1121 375 1102 | 369 0 | 1108| 382 0 | 1075 400 0 [1124] 396 0 | 1058 | 404 0 | 1138| 368
1 | 370 | 1110 1 | 393 |1113| 1 413 | 1147 | 1 | 412 | 1092 406 | 1123 | 1 | 383 | 1122 1 | 429 |1096| 1 | 405 |1075| 1 | 396 | 1142 | 1 | 380 | 1114
5}
(X?,fg) 2243(74.8%) 2238(74.6%) 2215(73.8%) 2213(73.8%) 2225(74.2%) 2230(74.3%) 2171(72.4%) 2199(73.3%) 2200(73.3%) 2252(75.1%)
TR % 407, @0l 049 1 200% F= AL
01} 0] 102 0| 1 |03 O 1 |04 O 1 |05 0O 1 |.06| O 1 /.07 O 1 |_ 08| 0O 1109 0 1 |_10] O 1
r2i2 0 |1132 368| O |1122| 385 0 | 1074 | 375 0 | 1126|398 | 0 |1110| 388 0 [1099| 392 0 | 1114 392 0 |1120| 412 | O |1113| 377 0 [1129| 362
1 3641136 1 | 376|1117 | 1 | 403 1148 1 ]384 |1092| 1 388 | 1114 | 1 | 398 |1111| 1 | 390 |1104| 1 393 1 1075] 1| 358 | 1152 1 | 376 | 1133
J3he
(X?,fg) 2268(75.6%) 2239(74.6%) 2222(74.1%) 2218(73.9%) 2224(74.1%) 2210(73.7%) 2218(73.9%) 2195(73.2%) 2265(75.5%) 2262(75.4%)
24 % 400, g7o] 082 0 290% v Aert
01} 0] 102 0| 1 |03 O 1 |04 O 1 |05 0O 1 |.06| O 1 /.07 O 1 |_ 08| 0O 1109 0 1 |_10] O 1
r3i2 0 |1121] 392| O |1102 391 0 | 109 | 380 0 | 1084|385 | 0 |1133| 381 0 | 1087 | 389 0 | 1136 390 0 |1122] 387 | 0| 1109 | 378 0 |1142| 378
1 350 1137) 1 | 382|1125| 1 | 394 1131 1 | 402 |1119| 1 387 1099 | 1 | 393 |1131] 1 | 386 |1083| 1 379 | 1112] 1| 375 | 1138 1 | 365 | 1115
J3he
(X?,fg) 2258(75.3%) 2227(74.2%) 2226(74.2%) 2203(73.4%) 2232(74.4%) 2218(73.9%) 2224(74.1%) 2234(74.5%) 2247(74.9%) 2257(75.2%)
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49

(%% 11] 2o]43 70| G2 J33HAl) 4TolR BRPE()
Al

23 % 6071, A@o] 09 0 AT0F P AEE
_01] O 1102 0 1 .03 0 1 /.04 0O 1 .05 0 1 |_06] O 1
rli3 0 | 1124| 372 0 [1140| 342 0 1107 | 366 0 | 1102 384 0

1 | 355 | 1149

07, 0 | 1 |08 0| 1] 09 0 1 ].10] 0 | 1
1119 365 | 0 |1151| 375 | O |1160| 359 | O |1120| 367 | O |1072| 399 | ©
343 | 1173 | 1 | 374 |1100| 1 | 377 |1104| 1 | 368 |1145| 1 | 390 |1139| 1
g | 2273(75.8%) 2282(76.1%) 2258(75.3%) 2236(74.5%) 2292(76.4%) 2251(75.0%)

1104| 390
356 | 1150

,_1
w
2
>

1142 1 376 | 1151 | 1 | 380 | 1134

—

2264(75.5%) 2265(75.5%) 2211(73.7%) 2254(75.1%)

fe)
0L 0y 1,02 0] 1 | 03| 0 _04 1 /.05 0 1 |06 0 1107 0 1 108 0 1109 0 1 .10 O 1
r2i3 0 |1113 382| O |[1146/ 368 1128 | 375 0 |1057| 38 | O |1100| 361 0 |1161| 345 | 0 |1146| 375 | O

1 3661139 1 | 3731113 | 1 348 | 1149 | 1 | 387 |1170] 1 | 359 | 1180 | 1

& % 60/, o] 049 1] £00Y v= At
1 0

[l

1113 381 | 0 |1082| 392 | O |1059| 405
372 |1122| 1 | 373 |1106| 1 | 393 |1113| 1| 401 | 1125 | 1 | 394 |1142
gy | 2252(75.1%) 2259(75.3%) 22717(75.9%) 2221(74.2%) 2280(76.0%) 2283(76.1%)

2252(75.1%) 2226(74.2%) 2207(73.6%) 2201(73.4%)

w3 4 6070, o] 0.8Y W w28 FF HE
0

0oL 0y 1,02 0] 1 |03 O 1 .04 1 /.05 0 1 (.06 0 1107 0 1 108 0 1109 0 1 .10 O 1
r3i3 0 |1104] 376 | 0O |1135 360 | O | 1125 | 388 0 1048|382 | O |1063| 372 | 0 |1127| 351 | O |1110| 3% | O |[1089| 373| O |1111| 387 0
1 376|1144) 1 | 381|1124| 1| 350 | 1137 1 |38 |1184| 1 | 384 |1181| 1 | 387

1080| 395
1135 1 | 402 |1094| 1 | 410 |1128| 1| 379 | 1123 | 1 | 381 | 1144
(g | 2248(74.9%) 2259(75.3%) 2262(75.4%) 2232(74.4%) 2244(74.8%) 2262(75.4%)

2204(73.5%) 2217(73.9%) 2234(74.5%) 2224(74.1%)
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ALN
23 % 20/, g0l 04 o Doy BeAste
_01] O 1 02| 0 1103 0 1 |.04] 0O 1 .05 0 1 |06 O 1107 0 1 |_ 08| O 1109 O 1 |_10| O 1
rlil 0 | 1080 438 0 | 1050 420 0 | 1072 418 0 |1081| 413 0 |[1115| 437 0 | 1044 | 429 0 | 1107 413 0 | 1050 406 0 | 1061 | 383 0 [1121] 401
1 | 414 |1068| 1 | 424 |1106| 1 | 443 |1067| 1 | 412 [109%4| 1 395 | 1053 424 11103 1 | 435 |1045] 1 | 451 |1093| 1 | 435 | 1116 | 1 | 437 | 1041
5k
(z?,fg) 2148(71.6%) 2156(71.9%) 2139(71.3%) 2175(72.5%) 2168(72.3%) 2147(71.6%) 2152(71.7%) 2143(71.4%) 2177(72.6%) 2162(72.1%)
3 % 2071, Aol 049 0 ZdoY weAse
01} 0 1102 0 1 /.03 0O 1 04| 0 1 .05 0 1 |06 O 1107 0 1 1. 08| 0O 1109 0 1 |10 O 1
r2il 0 1071 447 | O |1047| 423 0 | 1069 | 421 0 | 1075 419 0 |1106| 446 0 | 1040 433 0 |1103]| 417 0 |1038| 418 0] 1055 | 394 0 |1122] 400
410| 1072 1 | 420 1110 433 11077 | 1 | 405 |1101| 1 391 | 1057 | 1 | 413 |1114| 1 | 420 |1060| 1 44711097 1| 429 | 1122 1 | 430 | 1048
kel
(z?,fg) 2143(71.4%) 2157(71.9%) 2146(71.5%) 2176(72.5%) 2163(72.1%) 2154(71.8%) 2163(72.1%) 2135(71.2%) 2177(72.6%) 2170(72.3%)
T3 % 2071, Aol 049 0 ZdolY HeAse
01} 0 1102 0 1 /.03 0O 1 04| 0 1 .05 0 1 |06 O 1107 0 1 1. 08| 0O 1109 0 1 |10 O 1
r3il 0 |1069 449 | O |1038| 432 0 | 1064 | 426 0 | 1064 | 430 0 [1090 | 462 0 |1037| 436 0 |1093| 427 0 |1033] 423 0] 1045 | 404 0 | 1118| 404
40211080 1 | 408 | 1122 | 1| 424 | 108 | 1 | 398 |1108| 1 381 | 1067 | 1 | 408 |1119| 1 | 410 |1070| 1 440 | 1104 1| 413 | 1138 1 | 422 | 1056
5k
(z?,fg) 2149(71.6%) 2160(72.0%) 2150(71.7%) 2172(72.4%) 2157(71.9%) 2156(71.9%) 2163(72.1%) 2137(71.2%) 2183(72.8%) 2174(72.5%)

_77_



23 % 407, @0 09 1 T0]% ¥ AEe
_01] O 1 ]1.02] 0 1 .03 0 1 /.04 0O 1 .05 0 1 |_06] O 1 .07/ 0 1 .08 O 1 /.09 O 1 |_10] O 1
rli2 0 | 1123 400 1097 | 402 0 1117 | 369 0 | 1106| 348 0 |1103| 426 0 [ 1099 369 0 [1140| 356 0 |1093| 397 0 |[1107| 406 0 [1130| 373
1 | 348 |1129| 1 | 396 |1105| 1 388 | 1126 1 | 382 |1164| 1 | 415| 1066 | 1 | 356 |1176| 1 | 426 |1078| 1 | 363 |1147| 1 | 358 | 1129 | 1 | 416 | 1081
kel
(z?,fg) 2252(75.1%) 2202(73.4%) 2243(74.83%) 2270(75.7%) 2159(72.0%) 2275(75.8%) 2218(73.9%) 2240(74.7%) 2236(74.5%) 73271%)
T3 % 400, Aol 049 1 Z9olY e AL
01} 0] 1102 0O 1 /.03 0 1 |_04) O 1 |05 0 1 |.06| O 1 .07/ 0 1 08| 0O 1109 0O 1 |_10] O 1
r2i2 0 | 1120/ 403| 0O |1095| 404 0 | 1115 371 0 [1104] 350 0 | 1103 | 426 0 [1092| 376 0 [1139| 357 0 |1089| 401 | O | 1107 | 406 0 |1125| 378
3461131 1 | 394| 1107 1 | 385 1129 1 | 376 | 1170 1 | 406 | 1065| 1 | 349 |1183| 1 | 420 | 1084 | 1 361 | 1149] 1| 358 | 1129 1 | 410 | 1087
J3le
(z?,fg) 2251(75.0%) 2202(73.4%) 2244(74.83%) 2274(75.8%) 2168(72.3%) 2275(75.8%) 2223(74.1%) 2238(74.6%) 2236(74.5%) 2212(73.7%)
T3 % 407, @0l 089 0 2To]% ¥ u Ael
01} 0] 1102 0O 1 /.03 0 1 |_04) O 1 |05 0 1 |.06| O 1 .07/ 0 1 08| 0O 1109 0O 1 |_10] O 1
r3i2 0 | 1114 409| 0O |1091| 408 0 | 1110 376 0 [1099]| 355 0 1094 | 435 0 | 1090 | 378 0 [1134| 362 0 |1083| 402 | 0| 1103 | 410 0 | 1119| 384
340 1137) 1 | 391| 1110 1 | 384 1130 1 | 373 | 1173 1 | 405 | 1066 | 1 | 348 |1184| 1 | 418 | 1086| 1 359 | 1151 1| 359 | 1128 1 | 407 | 1090
kel
(z?,fg) 2251(75.0%) 2201(73.4%) 2240(74.7%) 2272(75.7%) 2160(72.0%) 2274(75.8%) 2220(74.0%) 2239(74.6%) 2231(74.4%) 2209(73.6%)
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S5 % 607, ool 09 i A9oY Y8 Aa
01 0 1102 0 1 (.03 0 1 .04 0 1 .05 O 1 |_06] O 1 107 0 1 |_08] O 1 109 0O 1 | _10] 0 1
rli3 0 |1094| 391 1143 | 367 0 1148 | 376 0 |1069| 370 0 |1092] 335 0 | 1144 351 0 |1111| 376 0 |1073| 367 0 |1166| 387 0 |1166| 387
1 | 321 1194 1 | 389 |1101| 1 317 | 1159 1 | 400 [1161] 1 398 | 1175 1 | 363 1142 1 | 401 |1112] 1 | 394 |1166| 1 | 356 | 1091 1 | 356 | 1091
(z %ﬁ; 2283(76.3%) 2244(74.8%) 2307(76.9%) 2230(74.3%) 2267(75.6%) 2286(76.2%) 2223(74.1%) 2239(74.6%) 2257(75.2%) 2257(75.2%)
S5 % 60/ 300l 049 [ 29018 BE Aae
0L | 0] 1,02 0 1 |03 0 1 04, 0 1 |05 0O 1 |_06| O 1 107 0 1 08| 0O 1109 0O 1 | 10, O 1
r2i3 0 1094 391 0 |1141) 369 0 | 1148 376 0 | 1067| 372 0 | 1092 | 335 0 |1143] 352 0 |1110| 377 0 |1071| 369 | O |1163 | 390 0 |1122| 403
32001195 1 | 388|1102| 1 | 316 1160 1 |39 [1162] 1 399 | 1174 1 | 364 |1141| 1 | 398 |1115| 1 390 | 1170f 1| 356 | 1091 1 | 348 | 1127
(z %ﬁ; 2289(76.3%) 2243(74.8%) 2308(76.9%) 2229(74.3%) 2266(75.5%) 2284(76.1%) 2225(74.2%) 2241(74.7%) 2254(75.1%) 2249(75.0%)
T3 % 607, o] 089 7 2909 BE mae
0L | 0] 1,02 0 1 |03 0 1 04, 0 1 |05 0O 1 |_06| O 1 107 0 1 08| 0O 1109 0O 1 | 10, O 1
r3i3 0 |1092 393 | 0O |1141] 369 0 | 1186 376 0 | 1067| 372 0 | 1090 | 337 0 |1143] 352 0 |1110| 377 0 [1068| 372 | O | 1163 | 390 0 [1118| 407
319|1196] 1 | 389 1101 1| 314 1162 1 | 398 |1163| 1 398 | 1175 1 | 361 |1144| 1 | 398 |1115| 1 391 | 1169 1| 355 | 1092 1 | 347 | 1128
X%%E 2283(76.3%) 2242(74.7%) 2343(78.3%) 2230(74.3%) 2265(75.5%) 2287(76.2%) 2225(74.2%) 2237(74.6%) 2255(75.2%) 2246(74.9%)
(vE)
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