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Applicability of neural test theory

—Discussing methodological problems and applying a polytomous model to essay test—

Satoshi Usami
Graduate School of Education, University of Tokyo/ Japan Society for the Promotion of Science

Neural test theory (NTT) is a data analysis method that has gradually become popular
in educational measurement and psychometrics. In NTT, examinees are clustered to a
discrete latent rank. The author noted several technical issues for future researches of
NTT, such as accuracy of estimates for latent ranks and ICRP, consistency of estimates
for latent ranks over item sampling, comparison among several optimizing criteria, and
construction and improvement of algorithm for NTT models. In the present research,
the author performed a simulation study by using polytomous NTT for ordered data, to
compare consistency of estimates for latent ranks over between NTT and another
method using total test score. Finally, a real data example for essay test data was shown
by using polytomous NTT, and the author compared these results with methods based
on item response theory and total test score.
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TE SD +1 SD T SD +1 SD

n=10 N=100 Q=5 0.5471 (0.0388) 0.8689 (0.0296) 0.6057 (0.0364) 0.9164 (0.0233)
0=10 0.3821 (0.0342) 0.6268 (0.0465) 0.4436 (0.0337) 0.6975 (0.0458)

Q=15 0.2750 (0.0350) 0.4404 (0.0347) 0.3218 (0.0389) 0.4854 (0.0516)

N=400 Q=5 0.5218 (0.0219) 0.8859 (0.0189) 0.5797 (0.0191) 09131 (0.0127)

0=10 0.3063 (0.0139) 0.6039 (0.0217) 0.3976 (0.0217) 0.7265 (0.0196)

Q=15 0.2264 (0.0199) 0.4424 (0.0242) 0.2796 (0.0142) 0.4977 (0.0212)

N=1600 Q=5 0.5774 (0.0089) 0.9300 (0.0062) 0.5964 (0.0108) 0.9388 (0.0062)

0=10 0.3196 (0.0105) 0.6480 (0.0095) 0.3423 (0.0108) 0.6972 (0.0109)

Q=15 0.2265 (0.0104) 0.4719 (0.0117) 0.2719 (0.0104) 0.5493 (0.0129)

n=20 N=100 Q=5 0.6732 (0.0384) 0.9618 (0.0216) 0.6964 (0.0330) 09754 (0.0174)
0=10 0.4739 (0.0363) 0.7814 (0.0370) 0.4957 (0.0379) 0.7793 (0.0377)

0=15 0.3682 (0.0364) 0.6107 (0.0456) 0.4004 (0.0365) 0.6496 (0.0276)

N=400 Q=5 0.6174 (0.0212) 09572 (0.0120) 0.6676 (0.0164) 0.9746 (0.0089)

0=10 0.4002 (0.0207) 0.7572 (0.0164) 0.4708 (0.0183) 0.8379 (0.0175)

0=15 0.3015 (0.0211) 0.5834 (0.0198) 0.3557 (0.0166) 0.6574 (0.0212)

N=1600 Q=5 0.6278 (0.0125) 0.9656 (0.0047) 0.6688 (0.0099) 0.9786 (0.0030)

0=10 0.4128 (0.0103) 0.8105 (0.0076) 0.4550 (0.0095) 0.8581 (0.0083)

Q=15 0.2973 (0.0073) 0.6147 (0.0126) 0.3437 (0.0112) 0.6988 (0.0115)

n=40 N=100 Q=5 0.7114 (0.0447) 09836 (0.0121) 0.7332 (0.0365) 0.9846 (0.0128)
0=10 0.5114 (0.0547) 0.8586 (0.0258) 0.5586 (0.0427) 0.8721 (0.0339)

Q=15 0.4393 (0.0411) 0.6968 (0.0424) 0.4904 (0.0465) 0.7736 (0.0404)

N=400 Q=5 0.7167 (0.0161) 0.9925 (0.0434) 0.7396 (0.0175) 0.9946 (0.0029)

0=10 0.4943 (0.0188) 0.8760 (0.0213) 0.5313 (0.0185) 0.9180 (0.0142)

Q=15 0.3801 (0.0235) 0.7313 (0.0229) 0.4270 (0.0214) 0.7842 (0.0219)

N=1600 Q=5 0.7456 (0.0089) 0.9959 (0.0016) 0.7500 (0.0078) 0.9965 (0.0012)

0=10 0.5112 (0.0155) 09173 (0.0068) 0.5567 (0.0105) 0.9474 (0.0043)

Q=15 0.3914 (0.0073) 0.7937 (0.0102) 0.4280 (0.0114) 0.8353 (0.0089)

* e TRe %R,

[+1 ] 11 DEVL GO —HROVEHE2E%RT 5.



Table1.2 K=5,62=1,0.>=0,
W2 KD —BEROIE & R 2=

WA Em AT B, A XFEUER KO R E

RAXEHE HESBIEE
TE SD +1 SD T SD +1 SD

n=10 N=100 Q=5 0.5986 (0.0344) 0.9593 (0.0232) 0.5814 (0.0334) 0.9604 (0.0149)
Q=10 | 03704 (0.0423) 0.7475 (0.0473) 0.3536 (0.0329) 0.7829 (0.0403)

Q=15 | 02904 (0.0467) 0.5332 (0.0499) 0.2411 (0.0421) 05518 (0.0468)

N=400 Q=5 0.5635 (0.0270) 0.9551 (0.0098) 05735 (0.0233) 0.9563 (0.0082)

Q=10 | 03732 (0.0210) 0.7680 (0.0232) 0.3518 (0.0252) 0.7386 (0.0194)

Q=15 | 02400 (0.0175) 05469 (0.0235) 0.2528 (0.0226) 0.5813 (0.0231)

N=1600 Q=5 0.5977 (0.0092) 0.9670 (0.0054) 0.6117 (0.0108) 0.9710 (0.0054)

Q=10 | 03338 (0.0110) 0.7405 (0.0081) 0.3637 (0.0097) 0.7598 (0.0089)

Q=15 | 02494 (0.0109) 05854 (0.0136) 0.2700 (0.0101) 0.6144 (0.0118)

n=20 N=100 Q=5 0.7007 (0.0450)  0.9900 (0.0111) 0.7139 (0.0378)  0.9989 (0.0031)
Q=10 | 04525 (0.0408) 0.8311 (0.0323) 0.4707 (0.0407) 09125 (0.0251)

Q=15 | 03725 (0.0324) 0.6843 (0.0303) 0.3579 (0.0328)  0.7604 (0.0080)

N=400 Q=5 0.6562 (0.0205)  0.9840 (0.0060) 0.6721 (0.0203) 0.9895 (0.0041)

Q=10 | 04469 (0.0213) 0.8653 (0.0177) 0.4444 (0.0225) 0.8682 (0.0134)

Q=15 | 03369 (0.0197) 0.6842 (0.0183) 0.3266 (0.0227) 0.7235 (0.0205)

N=1600 Q=5 0.6766 (0.0081) 0.9878 (0.0023) 0.6617 (0.0090) 0.9879 (0.0020)

Q=10 | 04536 (0.0129) 08771 (0.0072) 0.4654 (0.0096) 0.8873 (0.0062)

Q=15 | 03292 (0.0104) 0.7227 (0.0124) 0.3373 (0.0113) 0.7235 (0.0108)

n=40 N=100 Q=5 0.7400 (0.0434) 0.9904 (0.0106) 0.7729 (0.0492)  1.0000 (0.0000)
Q=10 | 05354 (0.0495) 0.8914 (0.0293) 0.5675 (0.0490) 0.9596 (0.0200)

Q=15 | 04746 (0.0563) 0.8057 (0.0433) 0.4350 (0.0478) 0.8540 (0.0273)

N=400 Q=5 0.7369 (0.0186) 0.9972 (0.0024) 0.7602 (0.0146) 0.9988 (0.0016)

Q=10 | 05305 (0.0182) 0.9275 (0.0120) 0.5545 (0.0246) 0.9472 (0.0109)

Q=15 | 04178 (0.0180) 0.8021 (0.0189) 0.4104 (0.0197) 0.8279 (0.0184)

N=1600 Q=5 0.7527 (0.0102)  0.9979 (0.0009) 0.7808 (0.0089) 0.9992 (0.0005)

Q=10 | 05605 (0.0114) 0.9529 (0.0046) 0.5540 (0.0130) 0.9535 (0.0055)

Q=15 | 04231 (0.0100) 0.8468 (0.0091) 0.4324 (0.0107) 0.8592 (0.0106)

* e TRe %R0,
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Table 4. 45 FIEOHET A DOFARILREL

NTT(Q=5) NTT(Q=10) #&FMa HHNES 8
NTT(O=5) 1 0.973 0.765 0.920 0.962
NTT(O=10) 0.973 1 0.760 0.927 0.982
HEFHE S 0.765 0.760 1 0.892 0.813
ARER 0.920 0.927 0.892 1 0.934
9 0.962 0.982 0.813 0.934 1
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ZOFERENS, NTT & IRT [2HS L HEOWTR
[ZBWT Y, TABRSS A5 H IR~ T
FOEMEOTIIMERNT &, BLONTT & IRT
TIFET IRT 2N IFHED T ENZ L300 5.
FRICRTE DOAIZOWTIE, NTT & IRT Wik
DEFEIZBW T HHEER OB RO HT TN D
FIREMED SR . ERAAETEFERE & W O B DL, NTT
& IRT Z W AEOE S MMELE-> TV A Z & 38l
SV

baELR

FRSCCIRER(2007) DOFEZE L= NTT 1230V C,
WAET v 7 B LI OVICRP OHEEREE, HEY 7
T EBZTAEET 7 OREEEO—EM:, #7022 o
{EHEIED D OHEEEDO IS, HHTET VOREE - R
IR EO R LT, =L C, HEY T
VL TEBRT-AET 7 OHEEEO—EBEPEZ N T,
NTT 281 2 = >Ofci b EE L T H R a2 51 H
LTS BT Ve, BT OWRZINA -2
ERINTT TV Z2 AW R 2 b—y g A TRRRE
L7z, ZORER, —Etkom S & 0B B,
NTT OFED T TIIAA ZEEN R HEN TN Z
&, E-EO—BMEIIEE SR A W
WeLRERETHDL Z EAVRENT-. F£T2, /INasT
— X WO ESER L, B D0 THAICIS
< IMTHEFUZ OV T b R 2 T 72

AGOMRREEE UC3E T, WE7 750 0F
IR ORENFET bND. SRIDY I 2b— gy
TIIZBRELN DV NSVGEITIIET v 7 DR D
TR NUGES NIRRT 2 L5, FR % N DR
BCHRBIT 2550, MU bFAMZ ZADRON
TEHATLHREOTROGHNH D255, T2, &
[ENIITE T 7 OHEEREEE BT 2RI TERR © =
EWTE IR oToloh, A% FIRII SN
L2l —a ARV EETL QO UERHHTEA .
BT, ARV 2 L—3 g o THREIL-—EED

REIC 31T 5, IRT & Vi 0 DXy R L 5
—HEROHIAZ DWW T HAROREREEE S 2.5,
AFRSCTIENTT OHEE 7 /L) X LSHEE D —
Bk L W o T RN IS 2 BT E 1228,
I BIGET N EFRENH 5. Uz, BT
T IS S FHMAYFEE NG 2 D5 BT 5,
HEDHY: - BB SREN KT Bind. K
BRI, B2 1EHE(2007)° Shojima(2008) T,
NTT 72 E1Z K A BEITE T o 712 K AFHIEIC
o T, ZEREDEE G ONGD Z & e FH %
HDHDHZENTEDETFELTNDD, TIUTRHIE
BIRICERET 2RIECTHA I M. Fiz, BERHIZRIEE
Zr 7 ORRIZEY, FEER DS LOBTET 7 IC
AT T T T T LN RS E £ S Z Lk
ST, ERREFRRNATD 2 ENTET, ZTORER
ST ME T L CLE Y FHENTTL HAREMED
HDHN, ZDX I IREICEETAER LN THD.

51T, ZAUTNTT E ORETIIAR S, IBE
T U7 AR, T2 & 2TKKOBAD X ST, TEE
NTELH LYV, [10km OFKNTE DL &
W T CRAREZ RN 2009 L HEBR L7V 2
BAET 7 ARIZED L H Bk a5 L, Thaes
BREAZINZ T 4 — RN T DNNIT A RNDOT I
VAT AICHLEDAETHD. DX HIT,
NTT OFEEEOFIFNx L TIIZBRE I 52 9 50
HEESOH B Z SN T b Z BT AVENR B 5.
WTIUZLTYH, BIGTEREEI-oo5H 5 NTT
\ZOWT, ARl L7 FSaiieEse, o bEE
DT« BRI A & O T EIC N, B,
PR & BER A AL Z T #an W E T 5.

E i

ARG SR T DIZHT- VA 72 i CTBEL 728
ST RFENRATY o Z —DHEEZE ZBRA T O HIEIFL
HL RFET.



6 51 FASTER

FiHEE - EARETE - HEZ AR (2008). =a2—F b
T A NETIUIET 57 A MELORSEIZ DU
T HART R NMPRE 6 [RIRSRE G S DEEE.

Brown, G.T., Glasswell, K. & Harland, D. (2004).
Accuracy in the scoring of writing: Studies of
reliability and validity using a New Zealand
writing assessment system.

Assessing Writing, 92), 105-121.

Chase, C.I. (1986). Essay test scoring : interaction
of relevant variables. Journal of Educational
Measurement, 23(1), 33-41.

FEASE TS « 72 1S (2008). FRIDAAE LD =2 —
FNT A N E SR AT A MR
55 6 [ME R .

Kohonen, T. (1995) Self-organizing maps. Springer.

Muraki, E. (1992). A generalized partial credit
model : Application of an EM algorithm.
Applied Psychological Measurement, 11,
351-363.

Remondino, C. (1959). A factorial analysis of the
evaluation of scholastic compositions in the
mother tongue. British Journal of Educational
Psychology, 30 242-251.

TSRS (2007) =2—F V7 A MNiam  BAT A

NPT b AP, 174-177.

Shojima, K. (2007a). The graded neural test model:
A neural test model for ordered polytomous data.
DNC Research Note, RN07-03.

Shojima, K. (2007b). Latent rank theory:
Estimation of item reference profile by
marginal maximum likelihood method with
EM algorithm. DNC Research Note, RNO7-12.

Shojima, K. (2007c). Bayesian estimation of latent
rank in neural test theory. DNC Research Note,
RNO07-15.

Shojima, K. (2008). Neural test theory: A latent
rank theory for analyzing test data. DNC
Research Note, RN08-01.

AR - VT EFRSET- (1992). ESSAY TEST O J5 155

ARETREIZ BRI 2 WFFEDE R DU T
A LFE I 40(1), 108-117.
FAEFEEE (2008). /N SGRER DB RIZ I 5 3CF0

EFNEOIER— A 2 58 L OVERIZ X DR
P HATX PS4, 73783,

PEAE - PRS- - AR (1988). /N SGHiT —
Z ORFT BRI TR O, 28, 143-164.



