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ABSTRACT

A Study on the Accuracy of IRT Ability Parameter Estimates
based on EAP method under the Polytomous IRT model

SHIM, Hye-jin
Dept. of Education

The graduate school of Sungshin Women'’s University

This study investigates the accuracy of IRT ability parameter estimate
based on summed score EAP method(EAPss) under the polytomous IRT
model through several simulation conditions, comparing traditional EAP
method based on item response pattern(EAPrp). The former has an
advantage in that it can produce a convincing scale score to the public by
estimating one-to-one ability estimates with the number correct scores.
However, EAPss also has an disadvantage, ignoring the information which
the item response pattern has. Even though EAPss has the problem of
losing information, this study wants to show the accuracy of EAPss is
similar to EAPrp. For this, the study compares the accuracy of recovery of
true ability parameter under the several simulation conditions, and presents
the results with the value of MSE, SB, and VAR. The result shows that
EAPrp produces a little bit smaller value of MSE, SB, and VAR than
EAPss, however the difference happens at decimal places. Moreover, the

results of both two EAP have the close value of O on the ability parameter



scale from -2 to 2. Therefore, the results imply that the use of EAPss
can be the promising alternative under the operation of an actual testing

program.



GRM GPCM
Item a bl h2 a b 71
1 1.189 -1.211 1.766 1.159 -0420 1.260
2 0.965 -1.324 1.218 0.513 -0.244 0.664
3 1.517 -0.364 1.835 1.429 0.614 1472
4 2483 -0.620 1.824 2252 -0.370 0.737
5 0.585 -1.485 0.225 0.708 0.163 1.229
6 1.133 -2.955 0.589 1.536 0.597 0.762
7 1.634 0.237 2213 1.872 0.113 0.516
8 0.823 -2.406 0.806 0.451 -0.400 0.650
9 1.972 -2.382 0.460 0.487 -0.376 1.566
10 1.212 -2.078 1.170 1.331 0.150 0.719
11 1.098 -1.776 1.035 0.819 -0.187 0.912
12 0.798 0.678 2427 1412 -0.030 0.668
13 2.021 -2.098 0.925 1.504 0.364 1.177
14 1.848 -0.211 1418 1428 0.346 0.525
15 1.476 -1.000 1.688 1.906 -0.292 1.028
16 1.404 -1.971 0.152 1.397 -0.345 0.972
17 2.467 -1.512 1.909 1.814 0.160 0.789
18 0.935 -1.354 0.851 0.548 -0.246 0.979
19 1.244 -1.138 2.254 0.990 0.208 0.373
20 1.654 -1.105 1.312 0.925 0.195 1.272
21 1.189 -1.211 1.766 1.159 -0420 1.260
22 0.965 -1.324 1.218 0.513 -0.244 0.664
23 1.517 -0.364 1.835 1429 0.614 1.472
24 2.483 -0.620 1.824 2252 -0.370 0.737
25 0.585 -1.485 0.225 0.708 0.163 1.229
26 1.133 -2.955 0.589 1.536 0.597 0.762
27 1.634 0.237 2213 1.872 0.113 0.516
28 0.823 -2.406 0.806 0451 -0.400 0.650
29 1.972 -2.382 0.460 0.487 -0.376 1.566
30 1.212 -2.078 1.170 1.331 0.150 0.719
31 1.098 -1.776 1.035 0.819 -0.187 0.912
32 0.798 0.678 2427 1412 -0.030 0.668
33 2.021 -2.098 0.925 1.504 0.364 1.177
34 1.848 -0.211 1418 1428 0.346 0.525
35 1.476 -1.000 1.688 1.906 -0.292 1.028
36 1.404 -1.971 0.152 1.397 -0.345 0.972
37 2.467 -1.512 1.909 1.814 0.160 0.789
38 0.935 -1.354 0.851 0.548 -0.246 0.979
39 1.244 -1.138 2.254 0.990 0.208 0.373
40 1.654 -1.105 1.312 0.925 0.195 1.272
oA 1423 -1.304 1.304 1.224 0.000 0.913

HEHEHAL 0.526 0.908 0.668 0.522 0.330 0.326
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GRM GPCM

Item a bl b2 b3 b4 a b 7l T2 3
1 1139 158 088 120 221 1159 0420 252 0042 -1665
2 0% 2383 025 01 186 0513 0244 0877 0452 -1665
3 1517 0671 Q08 185 236 1429 0614 3048 0104 -0950
4 2483  -118 00483 128 245 2252 030 -0408 12 Q00
5 056 186 1134 Q12 oaea Q78 0163 236 Q112 0671
6 113 3681 2230 032 140 15%6 Q597 1445 Q078 024
7 le4 05 108 181 2616 182 0113 122 0240 049
8 083 381 09\ 0487 115 0451 0400 189 060 081
9 192 358 -12% 0130 QA0 0487 0376 3172 0039 2081
10 122 256 -160 0720 1&0 131 Q150 1587 0149 0341
11 108 212 -140 054 146 0819 Q187 2201 0378 119
12 0/ 022 114 202 281 1412 0030 0733 068 0740
13 20 300 -115 035 1516 150 034 124 1119 Q377
14 18 0637 0216 102 184 148 0346 (00318 1019 Q283
15 146 -1973 Q0% 04 2412 19%6 022 044 1%1 -1358
16 148 2637 134 038 062 1397 0345 16/6 Q267 -0017
17 2467 2000 0935 1419 239 1814 0160 118 040 1243
18 0985 193 0/ 0439 1833 048 0246 2141 Q1% 1438
19 124 -1613 Q64 162 2846 Q90 0208 1606 088 0407
20 164 200/ Q& 0667 1958 Q95 Q1% 160 Q923 01
21 1139 158 088 120 221 119 0420 252 Q042 -1665
22 0% 2383 025 01 186 0513 0244 0877 0452 -1665
23 1517 0671 Q088 18 236 1429 0614 3048 0104 -0950
24 2483 -118 0083 1283 245 2252 030 0438 1R Q00
25 0586 186 114 Q12 o0aea Q78 0163 236 Q112 0671
26 113 3681 2230 032 140 15%6 Q597 1445 Q078 0264
27 le4 05 108 181 2616 182 0113 1272 0240 049
28 083 381 09\’ 0487 115 0451 0400 189 060 081
29 192 358 -125% 0130 QA0 0487 0376 3172 0039 2081
30 122 256 -160 0720 1&0 131 Q150 1587 0149 0341
31 108 212 -140 054 146 0819 Q187 2201 038 119
32 Q78 022 1144 202 281 1412 000 0733 Q63 0740
33 2000 300 -115 0335 1516 154 034 1234 1119 Q377
34 1848 0637 Q26 102 184 148 036 01 1019 0283
35 146 -1973 Q0% 0% 2412 19%6 022 044 1%1 -1358
36 144 2637 134 038 062 1397 0345 16/6 0267 -0017
37 2467 2000 0935 1419 239 1814 0160 118 040 1243
38 0985 1913 0/ 0439 18 048 0246 2141 Q1% 1438
39 124 -1613 QA 162 2846 Q90 0208 1606 088 0407
40 164 200/ Q& 067 198 Q95 01% 160 Q923 012
oA 143 1% {0683 QA1 186 1224 Q000 1535 Q22 065
HZHK} 056 1060 0% 0672 062 Q52 030 Q910 (09,07 Q777




¥ = 3. EAPrpE 737 9% MATLAB ZZ

9%%% ability parameter estimation method: EAPrp
96%% three kinds of priors

%%% 1) N(0,1)

%%% 2) U(-4,4)

9%6%% 3) posterior (after applying N(0,1))

clear all;

%%% GPCM

n = 10000; % number of examinees (simulated)
T=20; nc=3;

nos = 41; % number of scores when 40 is maximum test score <-
(0,1,2) for each item

dfn ="GPCMl1.txt"; % data file name

% read data

cadata = dlmread(dfn); % cadata = cadata - 1;

9% item parameter estimates

load 'paraGPCM3_20.txt’; itempara = paraGPCM3_20;
9% Quadrature Points to develop Lx (NOS by K)
theta=-4:.2:4; N=length(theta);

9 prior 1): N(0,1)
eapall = zeros(n,2);

tempwei=normpdf(theta,0,1); abilwei=tempwei/sum(tempwei);




for j=1n
eaprpl = zeros(2,1); resp=zeros(1,T); resp=cadata(j,:);
eaprpl = ind_eap(itempara, T, nc,resp,theta, N, abilwei);
when prior is N(0,1)
eapall(j,1)=eaprpl(1);
eapall(j,2)=eaprpl(2);
end
dlmwrite('EAPrpl.sco’, eapall);

eaprpl_all = eapall; % this is for the eaprp3 below

% prior 2): U(-4,4)

eapall = zeros(n,2);

abilwei = ones(1,41)*(1/41);
for j=1n

eaprp2 = zeros(2,1); resp=zeros(1,T); resp=cadata(j,:);

eaprp2 = ind_eap(itempara, T, nc,resp,theta, N, abilwei);
when prior is N(0,1)

eapall(j,1)=eaprp2(1);

eapall(j,2)=eaprp2(2);
end

dimwrite('EAPrp2.sco’, eapall);

% prior 3): posterior (after applying N(0,1))

eapall = zeros(n,2);

% EAPmp

% EAPrp

[cc,bb]l = hist(eaprpl_all(:,1))N); cc = cc/suml(cc); % the posterior




distribution

abilwel = cc;

for j=1n

eaprp3 = zeros(2,1); resp=zeros(1,T); resp=cadata(j,:);
eaprp3 =

ind_eap(itempara, T, nc,resp,theta, N, abilwei); % EAPrp
when prior is N(0,1)

eapall(j,1)=eaprp3(1);

eapall(j,2)=eaprp3(2);

end

dimwrite("EAPrp3.sco’, eapall);




F E 4: EAPssE +37] 993 MATLAB Z=

%%% ability parameter estimation method: EAPss
96%% three kinds of priors

%%% 1) N(0,1)

%%% 2) U(-4,4)

9%6%% 3) posterior (after applying N(0,1))

clear all;

%%% GP111

n = 10000; % number of examinees (simulated)
T=20; nc=3;

nos = 41; % number of scores when 40 is maximum test score <-
(0,1,2) for each item

dfn ='GP11l.txt’; % data file name

% read data

cadata = dlmread(dfn); cadata = cadata - 1;

9 item parameter estimates

load 'paraGPCM3_20.txt’; itempara = paraGPCM3_20;
9% Quadrature Points to develop Lx (NOS by K)
theta=-4:.2:4; N=length(theta);

9% prior 1): N(0,1)
eapssl = zeros(n,2);

tempwei=normpdf(theta,0,1); abilwei=tempwei/sum(tempwei);




eapssl = ind_eapss(itempara,cadata,nc,nos,theta, N, abilwei);

dimwrite('EAPssl.sco’, eapssl);

% prior 2): U(-4,4)

eapss2 = zeros(n,2);

abilwei = ones(1,41)*(1/41);

eapss2 = ind_eapss(itempara,cadata,nc,nos,theta, N, abilwei);

dlmwrite('EAPss2.sco’, eapss2);

96 prior 3): posterior (after applying N(0,1))

eapss3 = zeros(n,2);

[cc,bb] =hist(eapss1(:,1),N); cc = cc/sum(cc); % the posterior distribution
abilwei = cc;

eapss3 = ind_eapss(itempara,cadata,nc,nos,theta, N, abilwei);

dimwrite("EAPss3.sco’, eapss3);
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