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Kato, K. (2016). Measurement issues in large-scale educational assessment. The Annual Review of Educational
Psychology in Japan, 55, 148-164.
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HBET A MORESE (FI2HEN - KEH)

T(zcsthg movements (19t ¥ ~20icaI ¥ @KFH)
NBERFZE
drEeE (ER) (Army Alpha & Army Beta, 1917)
LBZVTZ k (Stanford Achievement Test, 1923-: ITBS, 1935-; NAEP, 1969-)

KF A (SAT, 1926-; ACT, 1959-)

2UE BUR @ K[EH
IASA (1994-) — NCLB (2002-) — ESSA (2015-)

E PRI R AR E
TIMSS (IEA, 1995-), PISA (OECD, 2000-) etc.

ST AP
TV 7y DEERERER (1913-), TOEFL (1963-), IELTS (1989-) etc.

TANOREA - AR D/ H DB - FEE L THBHEADNEE
T X NEEEm (E@E’]Tx l‘finﬁﬁ_’lﬁa}imfinﬁﬁ, %1k, DIF etc.)
ZYUER (1 m—R— BRI S Z M, argument-based DZ L 4B EE)

T A MEEDRRE
KEEHBT X FOBER - EF

(3%) Clauser, B. E., & Bunch, M. B. (Eds.) (2021). The history of educational measurement. Routledge.




“(ERR ETETR

Lord (1952, p. 4) &£ Y

Consideration will be restricted to the situation where the
examinee attempts every item in the test and the responses are all
scored either O or 1. Let o; (2 =1, 2,..., n) represent the score
assigned to item ¢; so z; is a dichotomous variable that can assume
only the values 1 or 0. It will be convenient to use the langnage
of achievement testing and to speak of these alfernatives as
corresponding to ‘‘correct’’ and ‘‘incorrect’’ item responses,
respectively.

Consideration will be restricted further to the case where the

test score (s) is the sum of the scores on the » items of which the
test 1s composed :

g = Sien (1)

Lord, F. M. (1952). A theory of test scores. Psychometric Monograph, 7. ‘




IEH R0 (IRT) €7 /L& % Diiksk

FREZBEETIL (2PNOM: Lord, 1952)
Rasch®5 /L (Rasch, 1960/1980)
O X4 v 2ZETI (BPLM; Birnbaum, 1968)

ZBERIRTET L
B RISIRTET L

Z X TTIRTET )L ) \ \
MER EHER, BMkEZHFRIZIETIL (g, TA ML Y FIRTET L)

BEIVTIRAETIL
state-masteryET /L, FRHZHETIL

BERERIIRTE T L

ZHEIRTET IV

EREIRTET L

SR T ANy JIRTET L

(and many, many more)

Birnbaum, A. (1968). Some latent trait models. In Lord, F. M., & Novick, M. R., Statistical theories of mental test
scores. Addison-Wesley.

Rasch, G. (1960/1980). Probabilistic models for some intelligence and attainment tests (expanded edition). The 5
University of Chicago Press.




AERBDZA

DeSeCom ¥+ — + 3> &7 > — (Rychen & Salganik, 2003)

Future of Education and Skills 2030 (OECD)

1B X FIILDIEE ¢ 7 X X > (ATC21S; Griffin et al., 2012)

XERFE [E8 - gh0 =20 = [Z0IZ@mh 57 - AFE]
[ ®OFL - el [BEH - ¥ - R

HRZFHHAS AT — (competency) DJEIE~
“achievement”h b “college/career readiness”~
EEFEBETOIH (AZ > TWABHh—=ESFESH) &RAMDIKITA DTG
HABE S, BEERERR, AEE - - -
JERF X FIL, REE, {M{EER

Griffin, P., McGaw, B., & Care, E. (Eds.) (2012). Assessment and teaching of 21st century skills. Springer.

YER s [PEREEE (£250) )

OECD “Future of Education and Skills 2030”

Rychen, D. S., & Salganik, L. H. (Eds.) (2003). Key competencies for a successful life and a well-functioning society. 6
Hogrefe & Huber.



https://www.mext.go.jp/a_menu/shotou/new-cs/index.htm
https://www.oecd.org/education/2030-project/

HITE HEDZEAL

Technology-enhanced assessment (TEA)

CBTA g
TRANOREFE - EE - BERICHEITAT 7/ 0 —0%INOILK

IP?’EE #it
Technology- ltem difficulty E?;E;*ﬁm BB S LMS
enhanced items modeling e 55 ?f_ Cesm e t’%?—’;‘l R
B EER Deep IRT oy

(83%)
NAEP “Technology-Based Assessment Project” https://nces.ed.gov/nationsreportcard/studies/tba/

NAEP “Digitally-Based Assessments ” https://nces.ed.gov/nationsreportcard/dba/

Wools, S., Molenaar, M., & Hopster-den Otter, D. (2019). The validity of technology enhanced assessments—

Threats and opportunities. In Veldkamp, B. P., & Sluijter, C. (Eds.), Theoretical and practical advances in 7
computer-based educational measurement (pp. 3-19). Springer Open. https://doi.org/10.1007/978-3-030-18480-3



https://nces.ed.gov/nationsreportcard/studies/tba/
https://nces.ed.gov/nationsreportcard/dba/
https://doi.org/10.1007/978-3-030-18480-3

FHLWTX DO

T XA MELEm (Bennett, 2015)

H1HEA

PBTOREEL

HEEER (IRT) ofA 8T X b
B2

HFHRR DK X2 (technology-enhanced items)
FF - ERY AT LADOITOERWEA (BEERSK, BEE[E, -9 U7
W —JL, DBE®E - + +)

B3 = AR T XX b (next-generation assessment)

Bennett, R. E. (2015). The changing nature of educational assessment. Review of Research in Education, 39, 370- 8
407.




KPR T7TERA Xk

RIE X T2/ AY— x BRI
PBAOEMRICL Y K ERUE

institutional useh* windividual use~

systems approach — % BH) (2FE+EKL)) , T—20HE&FA (LMS)

BRI E N — 2 & L TR

| k= Rit e

- — o B
EEDIAA Y FE® (embedded)
FHHUE YT 4 i3 HETH

(universal design)
HA A 5 HIH
4 . =

7 | 1

A R R Y%
(generic) (enhanced)

Bennett, R. E. (2015). The changing nature of educational assessment. Review of Research in Education, 39, 370-407.

Office of Educational Technology, U.S. Dept. of Education, “Measuring for Learning”
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https://tech.ed.gov/netp/assessment/

KETOENE

TEAERICAIT/-EE
NAEP — D|g|ta||y Based Assessments(Z#1T

Common Core State Standards®E A — /59 57 X b (PARCC, Smarter
Balanced)

horz2E) 74 > FEHEHRLD (d&ﬁiﬁm) T A b
overtesting~DO# ¥ — (PNF X b D) B - BEFREEIE

— AT, BEEOE=_ZY Y (BT AN, RT74—v 2V ABFR ) &T—%7F
FA~ D HfF

Innovative Assessment Demonstration Authority (IADA)

RKEAFICE T HZE/AT X b (SAT, ACT) DZEEHEIERE?
RO FICLY, ZLORFET2020~21FEIE—FICRER
AV T7HILVZTRFIFEANGHEARILEZES
NAEP “Technology-Based Assessment Project”

NAEP “Digitally-Based Assessments”
National Association of State Boards of Education. (September, 2020). Next-generation assessment. The State

Education Standard, 20(3).
UCA “Exam requirement” 1 O



https://nces.ed.gov/nationsreportcard/studies/tba/
https://nces.ed.gov/nationsreportcard/dba/
https://admission.universityofcalifornia.edu/admission-requirements/freshman-requirements/exam-requirement/
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SHe
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GIGAX 7 — L5418

FOROREEA > TAvFEEXT L (MEXCBT)
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https://www.mext.go.jp/a_menu/other/index_0001111.htm
https://www.mext.go.jp/a_menu/shotou/zyouhou/mext_00001.html
https://www.mext.go.jp/a_menu/shotou/gakuryoku-chousa/1421443_00004.htm

AEFEDZEA (BE)

FT

IPHERE - F1E
Technology- [tem difficulty E%é;;%m EEE A LMS
enhanced items modeling Fo 54 e 7°I:It;:7_-“—'3l BRI
EEED Deep IRT P LEPT
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Technology-enhanced items (TEI)

& V) EIF (authentic)h2EH L 2 X7 - AIEA#CBTCEIR
?72 7%7\9*”5?7\7 D IRER - ERRA XK — S oNTZIERZ LEE -
ﬁ )LI:I — R

aveETF =TI ES
AR b T—&Z+ 70X T—X&

TEIDO % A4 71+ (Wools et al., 2019)
>vIial—>3 v
TILTF AT 4 THS
INA Ty R

Threats and opportunities. In Veldkamp, B. P., & Sluijter, C. (Eds.), Theoretical and practical advances in

Wools, S., Molenaar, M., & Hopster-den Otter, D. (2019). The validity of technology enhanced assessments— 1 3
computer-based educational measurement (pp. 3-19). Springer Open.



https://doi.org/10.1007/978-3-030-18480-3

>Ial—g AEITEIOH

NAEP®DH 1 b (https://nationsreportcard.gov/science 2009/ict tasks.asp) & V)

DROP RESET
A food processing company bottles honey. They want to bottle

the honey as quickly as possible while using the least amount
of energy to heat the honey.

Now use the simulation to investigate the relationship between
the temperature and the flow rate of honey over a range of
temperatures.

Which graph shown below best represents your results?

Time (s)
m GRAPH 1 GRAPH 2 GRAPH 3 GRAPH 4
-‘\. X A ) B )
P cl J P Temperature JEL Temperature
O A Graph 1
OB Graph2 47
- O ¢ Graph3 *i *R_t
O D Graph 4

Temperature (°C)  Time (s)

Explain how you know. Use your data to support your
ny '_
— - == 3 A
S HTOEE. B EFetc. HapUIEN i

Click "NEXT" to continue.



https://nationsreportcard.gov/science_2009/ict_tasks.asp

FO8Y kT4

BEEWNART—X
DEFEFYVDRRID D, BEORXRATORBEIZBENFTOND
BRELERE /R r—< AR

Bl . ek, EHE, E)E

WMEDT R MERICELD7-0121F, BELANLTRIATADLHE
A INT=NRT =< R 2D, T3, BEMT HEEADBE

SR E O BEIEE S (e.g., Uto, 2021)

BIAS BB + e

RHkE > BELORTS-FHEMHMEBL, AIFTETLETCRITEFE (ETS
MDe-rater®/y &)

ﬁﬁ@iﬁ—y%g?%(mm)%?w(%@wﬁﬁﬁﬁ;%%iﬁﬁﬁ&7k
}I/'ﬂf’—>. .« o

Uto, M. (2021). A review of deep-neural automated essay scoring models. Behaviormetrika, 48, 459-484. 1 5




AR T =X

e s HE I N2 EE

R D AE 27 OHETKEER L
SRS, SR — BT X b (E2l)

e — . RIEtE] (BE))

il kol SIREE (7 ) —=>7)

S
gy

¥F—XbA—vA8a7, BHD

(—FEs—ar, sUys, 2 ZHRRE

JA—etc) , 1277 av e
TENMLEE S ~IL T DSE
vy, fFletc. [7RZs M BRLTH, FB

IREE (learning status) (B9 % &
richZ2 B HDE o N 5 Bl 8elE

(8%&)
Jiao, H., Zhou, T., & Ding, Y. (2021). Analyzing responses, response time, and answer changes for cognitive 1 6
diagnosis with machine learning algorithms. Spotlight Talk, IMPS 2021.




F—XA O =7

ZHE TCICAMNEA TS
B AT 47O FETOECXADOFR, XA T XF)L, FiRetc.

SA T 47O+ R0ME (Uto et al., 2020)

State 1 State 2 State 3

Char num Char num Char num

7" (KSL)

Burst

«yaiting

Burst

Fafmulation - 3
5111Eja'ln$t W rltl n g S‘,lbl":gjl‘::

ition Cursor position

Subtracting

Cursor

Cursor position

Cursor move Cursor move Cursor move

0 05 1 0 0.5 0
State 4 State 5 State &
Char num Char num Char num o
Burst 1 Burst — ‘—‘R’*eVISlon =
Rewision - Revision -

«adividual

Adding Adding

swre@\w Edits
Cursor position

Cursor move

0 0.5
State 7

Char num

Burst

Stop

Aflding

siverall Edits

Cursor position
Cursor move
0 0.5
State 8
Char num

Reévision -
o Many Edits

L ursor po

sition

Cursor move

0 0.5

Subtracting L
Cursor position Ed |tS
Cursor move
0.5
State 9

Char num

«Fast Writing

Cursor position

Cursor move

Fig.7 Normalized mean values of emission distributions for each state

Uto, M., Miyazawa, Y., Kato, Y. et al. (2020). Time- and learner-dependent hidden Markov model for writing process analysis
using keystroke log data. International Journal of Artificial Intelligence in Education, 30, 271—298.
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I G B (RT)

RISEREEZELI-HEETY >4 (Molenaar, 2015)
1. BEN/NT X% (0) DHETHEENE
2. KIG7 At XPEREFEEOHER|

Impact of choice of analysis on country rankings

oA, | ( ) The figure shows standardized scores derived from the 2018 Programme for International Student
2 0) Eﬂ: j‘b%’fﬁ_‘ P 0 h | et a | "7 2 O 2 1 Assessment (PISA) mathematical literacy test. Average estimated performance scores with 95% credibility
7 N e — K interval are shown when using the PISA scoring approach; a profile of different aspects of performance (ability,
1. ﬁ = E};— IEEE é O) I\ l/ I\ 7"_ 7 speed, response propensity) based on our proposed approach; and composite score estimates with two
N 73 AT | — + NINES different schemes to weight ability (A), speed (S), and response propensity (RP). See supplementary materials
2. 'f-&l;_ﬁﬁqzl/i\ {/= J: z) Hﬂ' FIEﬁ t]] ﬂ (ﬂiiu = for details on data and analyses.
- . » Fbe
3. }i}/t\ftﬁﬁ:ﬂ (O m |t‘t}_ ?—%@é—a— % Ttﬁl_llﬂ) @ Australia @ Switzerland @ltaly
7 = — PISA . Profile ‘ Composite 1 . Composite 2
7& %EEEI‘ ['/ T ﬁq: = 1—‘1_ ng 7& T 7 }l//ﬂ:' Ability Spéed Resplonse VXeigél;s V)\Ieiggés
S POPENSI - §%02 | $x00
. o RPx01 i RPx02
= — =i 72 = A || 322 32 :
T—X=1ER, ERET7 77, RKIEx -
- o § ; i
fEROLA— b Rl s
o e [} ()
— 7 A7 7411 3
-0.25 -
. L i
— K Y fair b & X O 7 O BRI AR ERIR
-0.50 - ; i .
Molenaar, D. (2015). The value of response times in item response modeling. Measurement, 13, 177-181.
Pohl, S., Ulitzsch, E., & von Davier, M. (2021). Reframing rankings in educational assessments. Science, 372 1
(6540), 338-340.




IRT

M E FEFEZNHLI-RXTXZIETE

item dn‘flculty modeling (IDM) — IEE OEF DB P4 BRIEHDL S NEE %5
Z - %8 (e.g., Settles et al., 2020)

Deep IRT «— RSIKE P 'ﬂZT'U'/f > DO#EF (Ueno et al., 2021)

on-the-fly calibration

Lrj_ /L:\:I:TX l‘

HE) T X MR

Settles, B., LaFlair, G. T., & Hasegawa, M. (2020). Machine learning-driven language assessment. Transactions of

the Association for Computational Linguistics, 8, 247—263.

Ueno, M., Fuchimoto, K., & Tsutsumi, E. (2021). e-Testing from artificial intelligence approach. Behaviormetrika, 48, 1 9
409-424.
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T—RDBREELEDEA

1. ZHRAET—XIIHNT 2ERQAEETY 7

7272L, ETADNEMICEDIZEERICHDDEBRENAKELLRS

—> EREEEINE, TETILOT v 7T — h&IRALITTARL, RYBILOL
PFEIHAF (eg., F1b)

2. XL

Kato, K. (2016). Measurement issues in large-scale educational assessment. The Annual Review of Educational 2 O
Psychology in Japan, 55, 148-164.
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(Ao 7=12] [Ea%E] [EnkS51C] BlEDH?
— FIWTCETTCVWEREEIZ? (BB mBA+IET V X)

Interpretive arguments for trait interpretations (Kane, 2006)

: Universe Score Target Score Trait
Observation , : :
(Test Domain) (Target Domain) Interpretation

HeEm &{RE  Scoring Generalization Extrapolation Implication

S NoDERDBEYI S EZ T ET U RITH & DEEFT 5 D AHivalidity arguments

Kane, M. T. (2006). Validation. In Brennan, R. L. (Ed.), Educational measurement (4th ed., pp. 17-64). ACE/Praeger. 2 1




TEADZ W« e v Z 5

Wools et al. (2019, p. 16) & V)

Table 1.1 Opportunities (+) and threats (—) for validity (Implication)

Scoring Generalization | Extrapolation | Decision

TEl Items and tasks

Simulations — — + —
Multi-media enhanced tasks | — — + -
Hybrid tasks — ==, g -
Test construction, assembly and delivery

Automated item generation +

Adaptive engines + +

(online) Proctoring

Personal needs and preferences

Tools for accessibility + —

Bring your own device + —

Personalized feedback +
Wools, S., Molenaar, M., & Hopster-den Otter, D. (2019). The validity of technology enhanced assessments—
Threats and opportunities. In Veldkamp, B. P., & Sluijter, C. (Eds.), Theoretical and practical advances in computer- 2 2
based educational measurement (pp. 3-19). Springer Open. https://doi.org/10.1007/978-3-030-18480-3



https://doi.org/10.1007/978-3-030-18480-3

TEID 244

(=) #m= (scoring)

[(R7+—<> R OB+ 7OLRT—2OFA (HtH)

— %kﬁ Oy 7 EMY (EERAEET L, #HE=EE - ZEFTetc.)
EIAM (THE%E) MMET

(=) T X ~DHEBEE~D—#I (generalization)
e DRy =FIIEL FEDIR, £ YRVEY HH &FFREHERK)
RFMEDRIEAEH L Ly (construct underrepresentation® ') X 7)

(+) BiEmEEA~DMNE (extrapolation)

EFMABERLI-ZA V%S (LHL, CUAE L TUONISERIZIREER)
INHBLOHRKDAL — T2 RIVIREBAOEHMME

( ) /LDJ\/L\J\;\%L_IE_'- (dGClS'Oﬂ)

(FZEORRTT) RAT7OFAICER L Ty i

Wools, S., Molenaar, M., & Hopster-den Otter, D. (2019). The validity of technology enhanced assessments—
Threats and opportunities. In Veldkamp, B. P., & Sluijter, C. (Eds.)

REN TE DM IENER

, C. .), Theoretical and practical advances in computer
based educational measurement (pp. 3-19). Springer Open.
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https://doi.org/10.1007/978-3-030-18480-3

ZLUER ED-®IC
scoring & implicationsMER S IZXF L T

DENOIGE

k=727 ,/0AY—|ZLB/X—YVDEBEZXHZ

XFEBEY [BE X 77/ A — x 2ERZE| OBEICL > THZLAEA5T05
ZElETEGRLD

FT

IPHERE - F1k

3L AL T
Z‘-Z MM ERDFER
£ Techrielogy- ltem difficulty BEITX MMERK o
enhanced items modeling WHET R b g%gi =_ 4 gﬁﬁ!“%‘
B Deep IRT +54 EE T B
Al £ i & EE)
BE RO I Sae  BEORWERL
Joay b 70 mae e ML

TR T—42NDEIEZ
SEBEE~ Drelevance

Ol B - SO
Y

—AHT»- - - #2473 N (BRER
KT, FERENENLEITERMIZTR =040 B ERPE (e.q., learning progressions,
b E&ETICinformTE %5 H\? — data-drivenZs: == concept maps)
MAEFDEFILEE REAB+YIREIL, BETOEX
S0 [EYRH AUBE — RE - 1 2 4
[ - RRICHHADFHEPLIR FMIER




ZHMR LEDTZHI(C
generalization MER S ITXF L T

EI1E4 & EEEEE c EEEDO ML —FF 7

X ok, BRI, ABERIE?
B158E - TR D AR
— L )R engagement P BRI FBA HE

— YW & HMEE (BHip) [SRTEMESE - BEREGO—E T+o TH 5 AJaeE,
A—XT—7 X

SRR RRI D STAR
— BEMREZZINIL, EEEZESO2ENIEELZDL - - -
— depth & ) Hwidth (coverage) "EE, A XAT—7 X

cf. systems approach

29




=

RERTEZ AV R

T/ A —¢FERFOMBE AR - EROKRALEBEICERL, LVY=xRUIC
BN CEAT7ERAXV M (57X ) ZEXK

TEl - 2B HET —K — ZREZHRAE — FEIREEICET 5 LV richia 2R

S |ZEREE ¢
Bz it L CHEROERCEREIZILRER

— 2E - FAOLBFOMEER, MESEHOERE (e.g., Goldhammer et al., 2020)

TAMDOXAR, BRI, HAEzEF A, FRAJgEH - MEEOH 5T X NDOFE=E
Z T hE

Goldhammer, F., Scherer, R., Greiff, S. (Eds.) (2020). Advancements in technology-based assessment: Emerging 2 6
item formats, test designs, and data sources. Frontiers Media SA. doi:10.3389/978-2-88963-506-1
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