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Educational software ;& L 1=#EtE M DOEARIZET 2 BB

1. ARROBMEFE

Al B OBPRICE - T, FREB BT L7
— 2B EEIRIE - TENZ D208 D HEH RV ES H|
Wr, RIENWEZERBIELS HITT 272D DHEDE
BHPEDWE LR STV D (A ARSI SR SR

PRESEFHE SRS, 2020). FOFTYH, T
YU —EIEH LR EEEOREIL, SR &

WEHDO—DOThHDHLEERD.

AARDHFBEMNEXROCEBEREICKIT LT /1
U—IEMOFEERZ A L7 - R (2022) 1285
&, ARTIEHMIBEMRBDOT 7 /vy —Thd
Educational software DBHFEDHEA TN T & 3R
MO—>o2L L THLMZENLTWD., Fiz,
Educational software TlZ, 7 ' Z AR EBROET )L %
MELREBLVYIal—va 2R ITLREY
Bt O FEE W TT —
BPRREAT>720 (I, 2022) 325 Z L3 ARETH
HIZHEbLLT, TS OEEZIE A L 7= #h 5%
REERICHET 2T BT L A EITDI TR,

L7eRo>T, 200 OMBEEFIRT 272012
Ko THAZE S#17= CODAP L IFFTH
EH L THEMBREZITH V.
COXIRBMEREST L ZLE, BARICBITLT
7 7 uY— %M LT Rat BE M 7E L OV I B
O E G A I LIZORND.

LIEX D, ARTIE, CODAP ([ZHEM%ZYTT,
Educational software Z &M L72## 2 BH%E L, HARD
WRIBE~DO RSS2 L2 AMET L. b
RO B ZERNRT D721, AR TIE, e Thise 4 &

WZHEM AR L, R ORGSR AEE SRR L 72
U—2 33— MO VR— Doz L TR L

(Biehler et al., 2013),

Finzer (2017) 12

% Educational software {Z

FUERFRZFBE NS FHARRFER: - Al == A
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EM OBEMEEZH LT D

2. ARTHIHEMOBER
(1) BAROHALEHARRVBEHMEICETSETY/
C—ERADRE
- KA (2022) 1%, MEHBHICBTLY 7 MY
= 7Y — /LD A (Biehleretal., 2013, pp.650-653) %
AWT, ERNOERATHIIESCBAT O 58 HE S EAE I %
JE LT Nt O BRE T 2170,
FIF 248 & T2 B AROFEEE O Bg 2238 3R
EH LMLz, ZOREE, HAROHEHABWLT
%, R REDHEI T DI=ODar Ba—&Ta s

TRy —

7 ITd % Statistical software packages X°, stathist 73

ED Applets L LTOT 7 7 P—JEHMTEAL
ThHV, YIalb—rar&T—ZoOMENRN
J&& S 417- Educational software 231% & A ETEH ST
ERFER STV D, £z, BRENTHRD
NTWnWs7 7 /7 y—ICB LT, Excel 2 & D
Spreadsheet 23 AL TWOINTWDLDHRT, 1TE A
EFDN TN, SBIZ, PR OERED QR
a— FATHEONLTWVWET 7/ rYy—IZB T,
Educational software (X/F7E L7722 & 3 5 &
nTn5.

MAZT, AROMAHBFICBTDT 7 /uy—0
HHABITIE, Yalb—va rOfIEAMRHAST
WRWZ L (fEH - KAF,2022) R0, HHCEE OFIE
DFFEIZBWT Python 72 ED T v 757 I 7 5HEIC
KD EEDOMEICIRES L TVD Z & (HIH, 2022)
PEMINTHD. fiEDYIab—va UICiT
277 /Y =RNERHSATWRNT &iF, A3k
IR BB bR ER L HIE-CRERIRE 21T 2 72 i
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RIRMRT L HER OB N T IC STV Rn D
ZEWL TS, 72, BACHL TL, B8 %
GO T —H YA = ADOFEORMRE R L LT
e, FIEAEROMALPHEEICALTT 7 v 7R
v 7 ZELTLE Y Z e IND. Liedi- T,
T B OFREIZKF L T Educational software D& D
BRI DIRRO T b dim T 2 ERH S, kX
D, YIalb—rarOFTERTEE OFIEOH
% H g L L7~ Educational software D&E|Z K-S %
BMEBRFESTD.
(2) Educational software Z ;&R L 1=##M DR =

Educational software & (%, VEEALEDHEFIZEET
LRI AR T vt 2 DR A KT 572012,
A eHEHIBET 2 Y 7 by =T T e s T L e gk
{if 2 T2 AR MED & D) — V& 59 (Biehleretal.,
2013). Educational software D —ff) 72 & L C,
NIy 7T ReFNay 7 TTI 7B E AD
L& T, MBI B DA & A O BR 2 PRR
T 5 ZEWARER RIS NI TS, IR T
1T, SBIT, ATl Ry I 2 b—va VOIEH &
B OFEO—DOTh 2IEARDFIEICHET 2
PRARIZHE 5% 24 T C, Educational software O R¢{# % ]
LT L, RFEOBEM OMRERET 5.
@ Sampler [T&BYIal—avileEx@ELT-
ERDTDEZECERT HAHE

IR O EBRAY R BEEH B MIZE T, IERER X
FHEE 72 E DI 22 Gk 2 WIS, EA L B
[ 0 BAFR K OBEASH I B 45 2 SEaTOBE S (B« A
ZE) &7t R a AT RN D, EAREE O R
B HEMIREH S B RRE 2R b 7 v TRITHRL
THZEEAME L DIERN 72 550y HE

(Informal Statistical Inference) | (29 24F%E05 1 H
X Tvwb (Makar & Rubin, 2018). F£7-, Manorand
Ben-Zvi (2015) i, ISI OERICH DamBh & B+ 5
ToOIZIE, BEARDADE 2 %5 TREAR H A 4 0 IR
LT 72252 LT, 22T
DIEARGAMDE 2 &1%, FEFEOEIM S 2 OfR

DFEPFATHALTNDLENIERTHD. DFED,
Manor & DRFFETIX, Z 0 X 5 2pEASAR OfFE %
WLT, FEENAHERZHE L2 EEl L
DT D720, ARG EZMRIIZTER T DR
#5757 (probabilistic view) Z#HTeZ & WEM I T
W5 . ZOBERIIE, ARSI 2R E T 5 b
THLWEBIEDO > THY, FEEDLINEF
DFEXR M E T IO D 2 & THRIBLTLE
I LT, BEARGMERS MBS 52 ENTETY
LWV ) BEN B % (Manor & Ben-Zvi, 2015) .
Manor & OHFZETIE, ZOBEEMRST H7-012, &
TR DR R LT SOAEARZEE) &\ o T AR 340 DE 2
%, Educational software % {&H] L7225 & IFE BT
ST LOVBEEEZEHLTND.

AW IIEERASMDOERZZFSTDOOD
Educational software D&M Fikd —>& L T,
Sampler (L5 alb—ra VEENRH D (K 1).
CODAP T, Sampler (ZFHRHMEM DT —4 % CSV
T AMCEBR LTIV IAL Z LR TE, M1 DX
INZFEFD Sampler 2L TE 2 K 5 IZHARD
0y 7352 L TED. EEEIZ, FEF T Sampler
DIFADRKE S (Select) LAEARDE (Collect) Z AT
BICEELRND, MR UERHZITS. £ L
T, fhHH ENTEAT — 2 B L TR S LD T
— A RICFLER S, ENDDOT —F DERKE KT v
J TR Ry T T 7IZAPUE LN G, B
KM DOFECMEE A IRRT D LN TE 5.

@ Arbor ZRW-REKR (5EKR) OBEZERT
ZWbs

Beihleretal. (2022) (2 XAud, PEERCHERF
BREDEZLOGHIIBITLHE Y VT —FDOERIT L
ST, JEROFHBENOE Y VT —F ODRKXLE
OHMEL AR E LT =2V A = RBE ~DF
JEOVBEWENER SN TV D. 8, AT —4 %
WRZE L CTT — 2 OB ZIRD D 72O DF 772 A
FLLLT, BMFEEOFIED —DOTHIHRENR

(Decision tree) DFFENEH TS (Beihler &
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Fleischer, 2021). —J, HAOHHEE T, nZE
TIRERDFIEP B BIERE N DB RICH
RFHEE LT LR TR, BENORNA
REHECOWTIH SN TR0 o7 (Fil-1E
#$,2018). = Z°C, fMH (2022) X, ¥ OKATHIE
DM ZBLT, ET/VEEL T 7 VRl OBLE )
HREARDIRE FikEH b L.

PEARIZIT 3 FEA  (Classification trees) & [BlJFA
(Regression trees) D 2 DD FIENTFIEL, FFEDT
—ZICESOTHEERITTH (BUF) 2175720
o, TR EEREICAET LTI XL (F)
CART) #H\WT, BEHRBARRDOET L E2HES
% (Breimanetal., 1984). AFf&TiL, FrlZoBFEAIE
HLUCHEMBARZITS 2. £7°, T /UEEOYHE T
I%, CODAP LTHMT 27 —# (CSV 77 AV) &
BV N721%, [Arbor) & PRI D IREARDFE Y — L1
B59-% URL (https://codap.xyz/plugins/arbor/) % AJj L
B iATe. Arbor 121, R <° Python 72 & DEEFHEY7R
T2 DY — N L3RR, AERICKERAR
DIYENRY A Z%ATH T AT ANT L, F8BE
MRZT 7T R Fuy 7B > THBARE
THEMET LI RIS TS, PxIZ,
Arbor |2 X BB ClX, 277 —oORKER D FEAREST
NEBZTOTIERLS, FEERT —ZINOHRR
WIS T VB R L2 N B YR O 1S 2 g4 5
ZERHMESRTWS (I, 2022).

I, BT NVEHE OS5 H T, IRERTHWOLID
MBS 2 MEMORHE S 6, RFEITHZ
72733 ¥H 3R (misclassification rate) /& (sensitivity)
NEASN TS (HiH, 2022). £/, EITHET
%, T2 EIHT—H T AT —HITHITTE
T D— WA T 2 AR ZERGE DO AIZBE T 5
A h 72 STV D (Beihler & Fleischer, 2021) . FEEED
CODAP @ Arbor Tli%, FiROFEPEFKE ZET
NEERL HOETHE LR RT 27 VAU XLA0H
D, FEFIIET BELFMERS AT 2N
T&5%. LA ->T, CODAP @ Arbor ZiEHT 5 =

& T, FEFE S OMMEBIIE S\ TERRNICET
VORERSELE, Sl AAT S 2 LN FREE 22D, R
Python 72 ED 71 7T LG FEAE T2 FE4ERT 0> F
fREDEE LTHIFTE 5 (iH, 2022).

LLEX Y, AT 2B AR OWSE L LT,
28 E D CODAP L CHiEH 7 7 7 OIERSOHRERH&E
DFEZAT 5 721 TlE72 <, Sampler IZL 5T I 2 L
—varEBLTUEASMOEZ LR LY,
Arbor ZHWTIRERDOHEZHRF LY TXDH &
T HI L] ZRETS.

3. BMORAF

RE T, AIE CRE L7 E M BIR OB R & L,
(HEBICLBERIEARADRESEZEZ LY FHb 1))
& =3y FOFMHFHE FHbr2)) ZBEL
BB 1, ME (2021) TRAYE SIUTAFE IR AR
— B DB E AR AT ORBMEE R T DF
FROBLRD DAL LH72ICBR%E Lz, #6213,
Beihler and Fleischer (2021) #&&(2, A v ¥ —X v
MRS 2ET — 4 250 C, DEAET
WEREET Dt AL LCRIZ L.

LI T, B 1 IXEBEOREOE L EfED L
R— NREOGHTRERZRT. E8M 2 1%, ME
it & B OfRRIEAR 2 R T
(1) HEICRLELGEROREIEZEZELS EHMD
D EEROBELELR— FMEBOBME

L, BB OERLR TR T FRE 3 FED
5277 (201 44) ZxBIC, 2023 421 A OFEAFA
DHITIZEAT 2 ¥ED—# L LT, CODAP DI =
L= g il LTTAEAR AT OERER (2h) RO
EARODOKE SOWRTE (2h) OF 4 RFfHFWTITo 72,
AGET, RHERSCIEAROBEGRCIEIEA I, FEAD K
X LWV o TMEARTE O FIEIZET HNEIZONT
FEEETHS.

F9, BEMCEE LT WAR—VIZET LT
r— NREZAT o 7o, AT, PERI & ORI (77
BEK, 4 T =X, U Vo h—, =T v MR

a&,
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—J)b, F RN —R—)L, H T TE—, F KK,
7Bl oo xoft, 3 4FE TIERY) OB D
H—DBBATERDLEVI LD THD. ELT, T
r— MIEE LR 151 A\OT—Z ZREME L,
HEHICBEWTRb AN H D & TRTHAR—YO
g E —okd (Fl2E, HERZRATLAOEE),
FNERERIOMWE & 72 L, EATA A8 L CHE
ET DI DICMEREARDORE SHZRET DLV D
MO R EZ 3% E Lz, BEEIXRO@Y Th 5.

[R&E]

AR DR E B REEH (151 AT — %)
OB ZEHEE L L. F, BEMOWEZHTE
TRLEDITRERRNDOIEADKRE & L2 DA
IZOWNWTHERZTHED.

FT, AEITREHOMWE () LHEEICHE
IREARDRE SITHT MR ARE LIZE, 1 A1 R
X7 Ly MPC %W, X 10 CODAP O 7 7 A
NERBIL, Yalb—rarEFETLE RIS, v
Ralb—Ya UL ELNIRED AR—VIZET
HIERWEOT — 2% 77 7HTAHAL LY, #
RHEAZRDIZ D L) GEEKRLRO MO MAEE
LT, BEOAR—VIZHET AEARLED SR D
Rz RRT 25 TIE, e RkEsTyrialb
—a VETVRR D, AFEITEADOKRE S LR
EEOBBREZIEE LN 5ER LT (K2).
S~ B 0 @

437 #HE RI Y- WE FTFRL FIIT
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B2 79— —hIBITS
ERLEORMIZET 2EEDER

EVEE A DEEARLROSMICET 2 BREHE L
Tolotk, REENI TABKTERLEZNEL L
BLRND, WO THERDOKE 2L 5 REMOM
B LEROWEOBRIZOVWTE LD E{To. 2
ZETORET, EBOT U r— T —FEHWE
EAMHOY I 2 b—ya VERDIRLITY, £2
OAF DN RER LR DM ORI & BT, AL
RHEM OBHRIZ OV THE L.

LR — NERREIE, FEALL RO A OB 2R R A 1
F2C, REEEZHET D7D /N OREAR
DRESORELZODHMZEZEZ DD THD. =
X, H5EWR, EANEICL2HETELHRESE

samples (1 7—%) items (10 ¥—%)
FREBALAY BFEUE (BEoXEZ0) 8 Sports
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Huh—
FA
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MR X, ERALTDMBEE S 25525, =
DLUR— MREDOIERIZHTZ - T, WIDITHREFN
HREHER AT OB OB/ LN EEFEREED
WO, ARSI T 2 RERICET 2 L1 e
Fet (2 7)) & EBAER AR B3 D A2 1 5
RN EH () A X) OF#EER L. LT, #
FHD ) A REBRELIRN L MERE/NOFEARDK X
SEHEL TN ZE MR L. 728, LAR—hD
XL, B¥ERI/ IV FO—DThdu Al /) —
FDOTFA RN L.

@ LKR— FREDODH

VAR— NHTClE, REEEOHEEIC LB R FEAR D
REIOREICELT, EHIIEDL D ICHRELR
WL, FERRICIZA CERLL THRL TWH< DM
BTV ZO XD MR AT ORI A D
Z LT, HM OF MR OGRS ) 2 RO HERNS
BT 2% BO—mmEzEx oD B2 5. Lieno
T, AR TIE, 2 TOLER— FOF)SEHICHERN A
FOEHPRAKTH D b D E I LT <.

LR CmRd LA — R TCIE, EARLEO LY EZ R
EFTDRAZRL, B lEARLEO NI
DFRITERIZER L TEADORE S 2RE LTV
MAREEDHHN TS, BIRIZ, £7°, CODAP
DYIalb—varyEHNT, EARAOKE X 10, 30,
50, 70, 100, 130 DIEAZ 15 TS L, ZOEA
T EENERRD TS (F1).

x 1 EXRLEDOFEYE

FBARODAE &, EALEFE D,
10 20.7.
30 20.7¢
50« 20.8.
70¢ 19.0-
100 19.7.
130e 19.6.

ZLT, EAOKE X S50 & 70 ORI TEAKLRD
EHMENE DS TWAZ EFE LD TWES, -, EE

DR (BFERZBA AR OEIAT 19.87) &K
TR OWE 2 i LT\ D, 2 2T, AT
LT XS, EAPRERN D —HEY Han T
WD ZELICKDRELERTONEND D Z L &FT
wLTWD.

FEICHA DR SITHEARDKE S 100 RN —F
EREZ L RCTHERND. LL, EAHEL NI D
DIFEARZE 7T v 7 L TWHOT [FR7%] 1%
DELOTHD. DFEV, BHONENLS BWVDFA
ZETHEDLINCEL ST, ML TVWHEARADKE
SFEDLDLENS Z LT

S BT, AR O, SMUEREER T
WO RN DY, FHETRIMSTTLES 2 &
FEDTIERNZ L 22T TS, LEedi- T, 20
AL, RO I3 & i T ORI A A oK
D, SMUVEE B THRIEANEENDEEEZTRD 2
EEBELT, SMUBERDROERD R E S CRET
5T EERBRLTWD. BIRIIZ ZOERET, AL
RINESOFPHZ AP & L, TN E Ul &
COEEIFERL TS LT, B LIIFATH
EAIEDEFR A LIS, FEADKRE S 10, 30, 50, 70,
100, 130 DA OIEARLFRED 547 % Al L L T2
(X3). 72k, K3 OREGATRIN TV DHEEEK
IR TH Y, REOETEIN TV DHEXELKT
AIEZFRLTND.

BT, X 3 ORHNBEERDOKE & L AMUE
DI EBDIEOBIMRE I 2, FIR N 6.7% TH
DIERORKE 70 & IRBHLERKRESITHD LfE
AT TV D, E6IC, FEARDRKE SH100 & 130 O
IREDANUVIE DFRRT EERDS 0% TH D 2035 %, BR L
RIS TEHHIZOWTLTO L D IZRBE LTS,

FEARDORKE X100 & 130 OBfE, b
EH B BIMIED 0% & 7207223, 151 AH 100,
130 AZEY 3 oiE 23 LEEZRY LTS
ZEIRHDT, Taxh, FEBLND). DOFED
REEZEEZT-.

L72i3 > T, ZOAEEISMUEDOEIE (R EEE)
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40%

20%20% 20%

j 20%
13% 13% 13% w6 . 13 13% b
5.7 6.7% 6.7%
& 8 8B R § 8 8§ § =< S 838 4 3 8 8 8 8 T €83 T 88T X
E 4\ ¢ w =] a g & g T Y @ g o ¥ €W = 9 N ¥ YU @ @ o € ¢ & o o
=&HE (10 EXHE (30) EFHE (50)
samples samples samples
39% 26.4% 26.4%
60%
40%
33%
27% 27% 27%
20%
13% 13% 13% 13%
6.7 6.7%
(10, 13 (13, 16) [16,19) [19,22) [22,25) (14, 17) (17, 20 (20, 23) [23, 26) [17.5, 18.5]18.5, 1 0.5]20 1.5]
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, Venn Diagrams

B Sorting Trees
Sort out all the shapes below from a box of geometric.
shapes.

Carroll diagrams

are another way

of showing how

things have been ool
sorted. triangles

M2 T—20O5E (MER2E5E)

Working through this chapter you will:

« learn to use a table to sort information
| « learn to use technological tools to design tables

A table is a way of sorting information or data to be
collected. It is made up of columns and rows.

| Use a Word document on a
| computer. Go to Table and click
Insert Table.

| Think about the information you
need to collect to decide how many
columns and rows your table will need. (On a computer you
can add or delete columns and rows if you change your mind!)

Each column in a table must have a heading.

Design a table to collect the following data (either on paper,
using a ruler, or on a computer):

everybody’s name, age, favourite colour and if they are
left-handed or right-handed.

M3 BNET—2DAEREZ MERIFLE)
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Compare your table with someone else. Are they exactly the
same or could they be slightly different?

Look at the following table:

Name Girl or Boy Age Birth Month  Eye Colour
Emily Girl 16 December Blue
Kristina Girl 12 November Brown
Jonathon Boy 14 November Blue
William Boy 11 April Blue
Rachel Girl 15 October Blue

Emma Girl 13 May Brown
Arwen Girl 1 March Brown
Bethan Girl 6 March Brown
Megan Girl " February Blue
Julie Girl 9 February Blue

~ Sarah Girl 8 November Blue
Nathan Boy 8 November Blue
Joshua Boy 10 January Brown
Ben Boy Z December Brown

Read each sentence and use the table to say whether the
statement is true or false.

William has blue eyes.

If you are born in March you have brown eyes.

There are more boys born in November than girls.

The oldest person is a girl with blue eyes.

The youngest person is a boy with brown eyes.
William was born in April.

The youngest boy was born in December.

All eight-year-olds were born in November.

ONOOOUT A WN =

Other ways of sorting help you to see information even more
L clearly. )

o
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Designing Tables on a Spreadsheet

Open a spreadsheet on a computer. You will see the
spreadsheet is made up of columns and rows like a table.
Each space in the table is called a cell.

i e

G TR b e
P

=v,

Type your name in one cell
and your age in another cell.
What do you notice?

|
Joshua 10

CooeE

Type the information of the first 7 rows of the table on
page 191 onto a spreadsheet.

Q40 > 5
7S (R A P T N F 3 H

1 Name  GilorBoyAge _ Binth Mont Eye Colour

2 Emily  Gi 16 December Blue

3 |Kkiistina Gl 12 November Brown
14 November Blue
11 April Blue
15 Octaber _Bive
13May  Bown

—

Place the cursor between the letters on the top row, then
click and drag to widen the columns if necessary.

(D & vm bt fom Do Oaa Ptbow Wit
G RT RIS AN S 3
BAD A o A8 X
~ & GilorBoy

= A c I [5) E
| 1 [Name il or Boy JAge Birth Month Eye Colour
[ 2 jemiy Girt 16 December _ Biue
|3 [kristina il 12 November  Brown
| & |Jonathon 14 November  Blue
| 5 {wiliam 11 April Blue
| 6 |rachel 15 October  Blue
| 7 lemma 2 13 May. Brown
| 8 larwen 11 March Brown
| 9 Isethan 6 March 8rown
| 10 {Megan 2 11 February  Blue
| 11 ulie i 9 February  Blue
| 12 |sarah 8 November  Blue

| 13 |Nathan 8 November  Blue

| 14 Joshua 10 January Brown

15 7 December  Brown
el ==

it
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5 REEV T FOEWNAD (M3 F4)

6 REAEY I FOENAQ (NEK 3 F4)

7 3
When all your data is in the table, use the cursor to left click

and drag across the table from top left to bottom right to
highlight the whole table.

Click on the following sequence to draw a grid for

your table.
Wa, i, 3
S A 4 Al ok vt & x )
Sl adaa) 7 Bow [ =
T < B
Al AR B »
e s 3 T = e
3 i [iane. THOCE | conond Rormatiog [f Eve color
2 femiy Girt . e |
Click Format e o™
[+ Ponathen  Boy 14 Noyember ~ Blus
|5 [wiliam Boy. 31apl lue
{ &_[Rachel Gt 18 October Blue.
7 _femma Gl 13 May Beown.
et o e
= i riymn
Click Cells i bogan G il
v o Al
2
13 [Nathen  Boy & November  Blue.
14 Doshua ;. - @oy. 10 5ruary . Brown
20, 7 Dacembar _ Brown

Click Borders

Click Outline and Inside

B
Click OK. 08 T 6
i e

Your table should now have the grid lines between the rows
and columns drawn in.

Using a table on a spreadsheet allows you to sort your data
in the table.
N

©

Using the icons i % you can sort the data in a column.
Select the ‘Girl or Boy’ 3
column by clicking on
the letter at the top of the
column.

Select Sort and either = i
Ascending or Descending. . !

10 January  Brown

Microsoft Office Excel found data next to your

You will be asked whether selection. Since you have not selected this data, it
will not be sorted.
you want to expand the Wht do you want ta do?
; © Expand the selection]
selection. bt s

T r———

What happens to the data if you choose yes?
What happens to the data if you choose to use just the
selected data?

Which do you think you should use, and why?

What happens to the word data?
What happens to the numerical data?

-
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B Rt (RBRRENA TR EY Y —, PRREMAFEFEKE)
hirose_hideo@kurume-u.ac.jp, hhideo001@g.chuo-u.ac.jp

1 EL®HIC

4SHE T, HEKBEHR (IRT, Item Response Theory)
&, TOEFL % &Tkk% 2510 T, ZEE DBE) % EfED D
NIEZFHIiS 27zl EhTETWE BIxIE, [1-4]).
7z, IRT IXMEHEHOHS E 2 FRRICHET 22 270
RETHD. 72720, B FHMERER C I3 12 M55 %
RETELZEDBZ V. Zho DRSS, HlZIE, EK
ZOHEINLMELRABINTOVARWVRI T TS, 258
HZORESIDFEREALEBE T 5 Z LA HBEICR D [5,6]. 3%
BEEa—Y—, MEEHZ2T7ATLLEMREIZLEH 5.
ZOIRT i, FHEZR ST, FHEMEEED 5 720 DM
HIZHMHTE S, HlZIX, ZBEDOR LEOH SIS %
HEIMISwF U ITEIEBT7RTT4 T4V I4 T A b
i, TOLD WG E U TRIRATRIERNZ Gk 7D
/8%, 7TRTT 14 7T A TIRMEOM & Z DR %N
BT TCHEEENESRLILEZVWRSTHS.
LU, @, 7X7T74 7T ANTIE, @HEDIRT & #x
0, ZEEETE UMERS LT 2%EREHIGES MY
JARMETERWZD, HEOHZEITFEIZoHEe L
THAL, SBEOEIOAZMEL TWDE. ZEBEDHE
TSI N7 FEO NS 2 3% e 212, — MR
HUBBTOMEADFY ) T —ya yBEMIZR .
IRBTERZETIE, B0 XS R H5 & 8 M O
FHORMZERD mEINb XD, REFHEENRE LT
FAUVIA VT AN AT LU (7). ZDOOHY:
BIH OB % Fanic S BER U, ME%E, B2 R
AT 20, FERED-ODOEHEIMEHTEED
CNMXRTEE, YATLAZZEFNENIMA & EEHH %
S THELTWS [8].

7z, EEO, KEVEET LT AT AT L LIFRN,
HEOHBRIED Y —L & UT, SRR, Wy, &
WEARAT, TR - KiGE, WM AR, EEYHEL & 0%
B Web BT X TF4 TAVIA VT ANV AT LE
BIF L, ZEPVWOTEHBHIZAHATESESIZLTWS
9. ZOYATALTIE, RECTOHEHT XTI T4 7T A
~ & FEIBRIZ, RIS 2 #6 & £ DOME AT TY
5. £, TOX VI vEBE, HERIEERZRTE,
HCTHHEIZT 7 AVARETH . ARETIE, ZOAV S
A VB X BFEMBIZOWTRARS, D, 2019 FE

& 2020 FEEE F-\WZE Z AT COVID-19 iIZ X B KET
DFEWENKREL EDb 572728, COVID-19 BARi (2019
EEET) & COVID-19 BARE (2020 D S) TEENR
IZEWARSNS D, WEDEIZOWTRENS.

HEHRES M 7 AQERTRTUZEEIED S Tn
55X NI AR WEZBEERTCAA Y N TANDE
Ak, FHEFERODHIEIEZ <MEIhTWE (flx
&, [5,6) A, EROTXTT4TAYITA VT ANDY;
&, MEXHEL LOZOMHPHRINTVE D, Z
BEDRNZANTEILIFHLWEEZZSND. BHIZ, K
BT 2 Mz B 2 IHB R OGO W T OMEILR
SNTH D, MFEM»DEERMRGPBETH D L DR
HEH 5 [10]. 5oz L, AfETIkMEe
B E R LR T TCOT R T T TA Y T4 VT
AMDRAIZB T 2FEEIRERET S L LT,

IV 74T AMIEBFEMRIZONVWTIE, RonTiE
Wa A, BURD &S Bige iR id s T T, Bock 5
i%, College Board Physics Achievement Test DT —X 25
WTC, 10 FERICD7z2HE#S LT X — X DESIE R
V7 MDFEEEI N2 FIRLUTWS [11]. LA L, Feinberg
Sk, ZOXSREFRIIHL T, BEABRICBWTH—E
ROV IR UBARY B2 AL Z 2 idRne, KD
Ffz "L TW5 [12]. %72, Wagner-Menghin &1, 7
2 NEHHZHAHALUCTHMEAOEMIZ EF LAWY, HE
DG EDEAIZET 2 HEHRAARRLTH Y, BHHEE
DG E DK T HABIE I ND, HEETIER»-72E
WBATWS [13]. %72, Tang 5, FUHHICEEBT S
LIz BRSO NT WS ERRT WS [14]. Zhizx
LT, Raymond S, 2RIHDOZBO A 37 &I U7-H#
AOANEE WS U7z [15]. & 51T, Selvi &, #IaIH
DIHH#ESEIZ, BORXUMAHBOHEHE#ESE XY AR
BWZ & ZBRARTNWS [16]. F7z, Ferreira &%, AMDF
RRMEICDOWTIE, NTFaMric kb, SRR e S5E-%
WELIEDRR BB TH B0, HERH L Z L WRINT
WBERARTNWD [17]. DX RIFVOHL JIZDNWT
&, ik [18] 12, FEO R EEBHE X A FI2k o T
B2 edREINTWA, FARKIZ, FARORIERILFIRIE
HOMBIZKIET 5 Z &2, Gilmer 5IZ& > THEINT
W3 [19].
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HERO N TR L UTRPETH 5. Kz, 7TX T T+
THAYTA YT ANTI, BETEHE RO Z 20
TERPo7-. Lzh-T, BHETH, M- EIFHERE
NTWBEMETT, TXTT14TAV I VT ANDEH
MREAFAETHZ 2L, BhRODBZeEZEDLNS. /2
tb,%%§ﬂ7x—ﬁ&tmTuBiéA7x—&®ﬁ
EMEEZFNEITTORT A eIIREEE BbhbhboT, K
MCIRFEOAMMEZHL 2D HEADIELR (CAR,
Correct Answer Rate) #HUD A, EIZFNIZDWTDFE
fiizfT>7z. TOBE, ZEEOREIHEEM (ability) X, [
BIEHEHOREE L OMBRHEELTWVWS. ZITHS T —
213, Sk [9] 1T, Web X7 X FF 4+ TH Y51
VITANVATLADNSRONTLDTHS.

2 Web7YANFVSAVTYTT4
T AN
2.1 IEERGEMR
THEKIGHEGR T, ZHE  HBHE I EE T 5HR%
RO P,
1

zg(@zaa]abJ) 1+6Xp{_17a](974—bj)}’

1 —Qi;(0i5a5,b5) (1)

THRELTWVS 0; |XZERH @ DRESINT A — X,
aj,b; (X § ORAE KT N A=K T, ThEN, @@
¥, WEEELIENT WS, Qi 132 i MM j ITE
BCERVEERIZRD., Z0rE, Rofeikz v
NI A=R0;, aj,b; DERAHETME O, & a;,b; 1%, KOK
EBEELZz2HKRICTRILTROONS.

L= HH( Py x Q™)

i=175=1
22T, mEnld, ThEh, ZEREBRCHERT, 6,13,
TR i DS G ICEBETEREE 6, =1, TERDPo

77c~»
PR NS N (N

(2)

22 FUIAVTAMNYRATA

AT TETTATTFAMNEROERS. Z0OrE, @
#, IRT ORMEOFHMNE, WHE T A —XITHTIZEG R
LENTVWET7-, ZEREOREMEIXERIIkdONG. &
TIZHEINAMED L ~)VIE, HETZZEEOREIED
SERINIETNE, BINIEHRED L NVZEREI N,
XOREIE, ZBREVTOMBEICESZLZE XL ~L
Z B, EBEURPoz S I3 P52 0D X5 I2M%

DEFI>TREDL NV % EFFIFT5, 2ok, i
L ANV ZERERIMELE Yy F 35 &5 wlflEz a2V
Pa—RVAT LML > THBNIZT — X RXR=AD 5L
T, ZMEIZ5Z5. ZZTE, —#HDOT A N TORER%
5 (Fi2 COVID-19 BAET) &2, 7/ (Fi2 COVID-19
PIFE) 2R ELTWS, ZORTFEZM LIZRT.

ability 6 problem
high S: success difficult ()
F: failure 1
R
X 1Bl
@ : X8 oy
d AN w A A2) 43/ F \
1 | g —»0 6 / item bank
OF
examinee > b S
N— -

low number of items easy —

L AVYIAVTRTT A TTARNY AT I

TRETTF4 T TFANYAT LTI, ZEE, ME2ZTD
BB L OBRE2EZEENOSRDONDE Z WD 5.
FTANYATF LR, fHMiiE WD LD, P LTHESBRIZ,
FERSREED L IIIME L EOHRITAE TH B L E
Kbﬂé@f,g®/ZTATi%ﬂb%%mbTV5..

I [ & R B R DB R B % 7R T

R L R

» 18

2[R
» 3[R
N 4B

Ro (1) NEHTRIIBAERR L.

r DB

1 = 1

r 1 =z

1 =1 d
1 11

1
1
ORD> 5, BROLOIR[(1)|THY, BIDLOIR -[(2)|THS. 22, MI(1) . 2[(3)|EMTHE.

<ER>: (1)=1 2] 1 3)=3

<Wi>

LIEMTHOBLLBIELIKEBLT, FHIEHALTHS

11 x 1
1z 1z

r 1z 1g 0 1-x z-2% 1-2| m234n06na
1 r 11 4 Y

1o : 1 11
0 r-1 1-2 r-1 0 1 -1
1 1

r-1
0 -1 -z -1

LT, BXOME 1 TIENTHY, BIORIE -1 THS.

5HE

B 2: [IRE & i i D

2.3 T—IR—2AHA X

ZZTHYHE>TVWE Web TVAMNAYIA VT RS
T4 TTFANYAT AL, REOEBEEOHEE 2> R
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MTEonzbDTH D, 2015 4E 1 H 14 H, HIIZHEE
2 TR [20] BRI RIS BRIG S iz, 2T
T, THER - #i5H) [21], TR [22], 6wy (23],
M ZBOWRIT] [24], HEWD AR [25] 72 & DHERIE
NHKE NG LAY T4 VAT LEBE LD T-.
£ 1z, TNEFNDT AN AT LAOBIERE, 2023 4F 2
H2HETIIERMINET —XR—ATO, ZEBREHR, M
S, TR ABERT.

1L Wb 7YANAVYISAVTRTITFTATTFANV AT
LORHE T —EZR—=2AH 1 X

BHE Fah ZE | ME | 772
15310 44 44 4

FRIARER Jan. 2015 | 2,253 | 860 | 72,192
e - #iEt Jul. 2015 93 172 1,797
WD Feb. 2017 | 886 636 | 38,006
ol plike e Feb. 2017 68 133 1,261
1 2RO | Apr. 2020 | 247 945 1,458
WD HfER | Dec. 2021 34 191 265

20151 H14H»S 20234 2H2HET

3 COVID-19 L& COVID-19 LARE
DEEMRDLER
3.1 EZEZE, CARDER

FifkINzu 7 ANV EE LI, FETRAEITo 72
W UT, MEIZEZLUZEIG%2 TIEER] CAR, Correct

Answer Rate & KO, IRCEHET 5.
EEH
AR = —pr
CAR = T ®)

—HDTRTTF 4 T T ATk AOMENRSZ 5N D
T, 1BIOT7 XTI 54 TTFANZEBRTORBHRIEE 2725,
CARIZIE, — A— ADZERE T 5 %5#E X— A CAR
&, 1M1 MoMEIS T 2MER—Z CAR 939 5. Z
noxEXEHT 5, FlRIE, CARmgx &0 CARpm &
DEENRBEIZ R D H, TITIE, BEDOILEZEIZRD
%5 DT CAR % CARpyg & F—HT 5.
0277742, RO 3 DDGENEHENT WS 1)
B Z2AATEETCERLE, 2) B2 AATCEETER
Molz2 &, 3) EEERAALD & LZ2N&hTHi&LZE
&, Thbd. Z03) 2RFTHBIZANDE: (F—A1)
AN (F—22) T, SRR LM DHEICD
WCHIEEL7Z2E DM 3L X 4TH S, WHNTr—2A21 (5
i) 2 —=22 (Ffl) TDO CAR DE#E T 5 &, 2017
EEZRWT, WHIZIEZACEVWRASNLWN. TIT,

ARETIE, 7—A2DHAETO (3) A SFHRE I Nz HUH
# CARDIEE T 5. £ FTIZ, MHD “sample size” I3,
ERIW T — 2 2 DEEDRIER, HEBTr—ZA1DHBED

b S .
[EIEZS - i
N sample size
AR
0.6 . .
sample size e N 2 ; 11104
11552 BRE RS 12135
05
6642 1482
13585 7144
0.4
2302
o
go3 9379
669 10698
725
19724
0.2 1742
0.1
1161
0 " H
2014 2015 2016 2017 2018 2019 ; 2020 2021 2022
fiscal year
D P PP PP PP PP PP T T T TP TPTTIT
Covid-19L# Covid-19L(f&

0303 0515
CAR l 0.259 CAR l 0472

X 3: 220D —2D CAR DFE ML v K (BIBARED)

HMaED .
sample size
0.6 l
BHRRE T RERR W l
0.5
BARE RS
0.4
sampk‘e’ size Y
i
T s 204
o
0.2
0.1
0 i ' ' :
2014 2015 2016 2017 2018 2019 & 2020 2021 2022
< fiscal year
Covid-19L{g1 Covid-19L{k%

0.382 0.484
CAR . 0.202 CAR . 0.431

X 4: 2207 —AD CARDE MLV K (HFED)

K3:E4D CARDEN LY FEBEENIRAS2 L, E
BHRCARIFFE~Z EAoTWB LS ITRA, —H, FEUR
bxkﬁl‘ﬁf‘l\éiﬁ h/p\bﬂé

3.2 #v X, odds DEZH

CAR FHEEEIZ IS 2 EEROLTHBA, Z2T, *v
IOV TH (4) ATHEBHLTHL. Ay ARWHELE
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WILDIZHWLNT WS,

o % = EEH
AR

(4)

% 212 COVID-19 AR & COVID-19 BAFED CAR & 7 v
XD HEEZRT. CARIZDWTIE, COVID-19 BARTTI
0.5 & W EHENZWH COVID-19 BAETIX 0.5 fHEDEE & >
THH, COVID-19 BT & b £ COVID-19 BARED 4 A3 5UE
NAREW. £/, v X220 TH, COVID-19 BART & v
H COVID-19 ABED FDBAEDR K E W, 72720, R
EENZ K > THEIZZE DL 5D TH: K 3.3 TIHREHWKREZH
WCHERT 5.

7 2: COVID-19 it TD CAR & 7 v XD g

COVID-19 B
BHE EEH | BB | CAR | Av X
FRIZAREL 13,244 | 30,520 | 0.303 | 0.434
i 156 734 | 0.175 | 0.213
WS 691 1,118 | 0.382 | 0.618
B ey pLik s 203 499 | 0.289 | 0.407

1 2 DOWRE S
T SRR

COVID-19 AR
BLE IEEE | BB | CAR | Ay X
KRIAREL 9,906 | 9,322 | 0.515 | 1.063
e - #iEt 39 56 0.411 | 0.695
(- Gans0a 14,913 | 15,886 | 0.484 [ 0.939
BNy puiES 67 76 0.469 | 0.882
1 Z2BOWRESY | 668 571 1 0.539 | 1.170
T SRR 62 181 [ 0.255 | 0.343

3.3 CARLEAYXHICKZ COVID-19HiE
TDZENR

RMIE DS & & ZRF OREMEDHMAEDLEIZE ST, 5
505 CAR &4y RZEET L REMENRH EH D, 22T
I%, COVID-19 BARTTO Zh 6 DA A DHE & COVID-19
LIETOZN S DMAEHLEDEIZZNIZEEIZ VW&
RELT, MEZET> TH.

QIRTEAVT A Iz VY —RIZE > THREZIT 720,
WD, 220DRITE->T, CARHEA Y XHEEHL /-,

COVID-19 BABED CAR

CAR I = GoviD1e LLRiD CAR

()

COVID-19 BAfgED 4 v R

F v A = - -
v AL COVID-19 BARTD A v X

(6)

CAR L& 7y XL HEE M & Rl 95% 5 R D %,
#£IUIRT. ZThonkd 1 &b kEiFhiE, COVID-19
AT & © & COVID-19 BABED 5 2332 BeE 13 & 0 RIEIZIEZ
LTWAZEIZhD, ZEMRERP EDV > TWVWDE Z &2 HiRE
INb. Kholk, N OBREHERAMEIXZTRT1I LD E
RKEVWDT, ARIZFEGRP EN->TWBREEZ LN,
U LR s, EBICIZMEOH S & Z5E ORE1EIX
IEIETHD720, BIZHMIIBRE 27> THERT 50
ERH 5.

# 3: CAR & A v XL #EE M & NI 95% (5 HEBR 57

subject CAR I | 95% NAMGHHRR S
FRIARERL 1.702 1.669
MR - fREt | 2.342 1.718
W 1.268 1.195
B 1.620 1.290

subject Fy X | 95% TG FEPR A
FRIZAREL 2.449 2.365
ek - it | 3.277 2.102
W 1.519 1.378
Sty | 2.167 1.502

3.4 RBEBOCAREE A Y XEDZE(L

INETOMFNS, METRTIZOZE 2K b
YRERSE, Web 7 ¥ A MEEOEEFIT IR X
ERoTnwa I icEBbns, UL, BENY 73
LWHEE S L WIENREELTWS DT, MEETY S
BoTWBYD, TOMLV Y RERZBENHS. T I T,
T—=ROEPERE LD - 2 ABOREHOGEIZDWT
BRB,

X 512, SIEARBUZE TS, 2016 FEEH» S 2019 £ F
T (COVID-19 LART) DD CAR SESME & 2020 £
5 2022 FEE £ T (COVID-19 BABgR) oFh e gLz 7
Oy MEERT. EMIZIE, CARpy OHEIZAR STV,
2014 fEFE X 2015 AEED T — X IXMEORNHEEDF ¥ 1) 7
L—=yavaEiF5 2 8iffiofz728, CARED RN SI1E
RO U 72, F7z, BRI & > TREEHED DR WITES H
2728, TOLS BMEBRALTWS. FIZIE, AR
DT —RR—2 EOREREIZR LWRT L HE D 860 T
HBEM, TDI3H—EITY AT LREFRO T A N ORME
LEEEN, £, TOFOEWIXME~NDT 7 ¥ 280+
DTRHRWZOMEREEEDOF vV T —Ya v ETFoTW
2\, 860 5, T DIAEIFT A NHOMER 388 £, Fv
VTV = a YRR ORIER 145 % 5\ 72 R ER 327 23,
2 THEMROUGEE BRI W MEKRTH 5.
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K25, 2RI CAR fEix COVID-19 LA & 0 &
COVID-19 BAED W RKENWZ & Db h b, %< DEILE
MRS MOBHE 1.7 DEMROEFDLVIZHMLTED, Z
DIEE DIEIZFE 3D CAR H 1.702 ¥ &L TW 5.,

X 62, MEREIZEIT S, 2016 £ED S 2019 EE T
(COVID-19 BART) DRIEE DA v X & 2020 FEEH S
2022 fEE £ T (COVID-19 BAR%) oz tiglL =71y
FHZRT., WG UEMERZMERUTHS. Koo,
RIS B A Y X1E COVID-19 BAET & » £ COVID-
19 D /DR ENZ ED0ONE. Zh5D 2 DD,
CARp IZ2PWVWTODEBEP LB LTINS,

CAR DENAKREL RoTWB WS Z XX, RITTW3
MEOBEMAEZ TWB WS Z & T, BHIZIZEHZNREA
ERoTnEE WS KSR 5.

R BARRE RS
10 o] © o O o] (o]
o] [e]
0.9 [ o) ©
0 0Qgo0
o [e] o
® o . 08 8 °
08 ooo %0 ° QP o
§ 00 o © %0 o
o RV © o
0 o0 o0 N o
07 o ® o
[e}e] o O - O O o (e}
&‘ o 800 gCD Q)(Q& c‘)o © o o
6] 0 © o o
=X o % od:po © o o €]
= 3 Lo o
| o Q-
Q os o o %Q? 9 °05 000 o
8 ° OO o000 © o
o) 8 OO Oo o (? o
x 040 ° (o] 0o O.»S o
< 3] o o
o o 9°80 0%
03 0 o 0oL é:) o
8 o0o © ® o o
® (o]
0.2 §§D®O oA
- (o]
03008 OO [¢)
0.1 5 o Yo
$ = 0o
0o 2.0

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
CAR (COVID-19¢#l)

5: MAREIZ B 1T 5 COVID-19 Bhiif & COVID-19 PARE
@ CAR fH D LL#E

3.5 CAR{EDENL Y RZ{LE COVID-19F]
#®TOZLTI

ETHR7ZZ 21, CAREXR A v XA COVID-19 LA
Hi& COVID-19 BAETES>TWE S 2 L TFY
ROWEDAREM 2RI L TV BIZTERW. 22T, Z
2 TIEREEIZ, 1) CAREDE N L > K21 KA
LT, BEROMHENLETHENESH, 72, 2) COVID-
19 DART (2016 EE DS 2019 EE F T) & COVID-19 LAk
(2020 4EEED 5 2022 EEE X T) D CAR EASES LT WL
LZMEIDIZDOVTHREZIT, RERE25TRTORME
BOHD S H EOFREEORMBELITH U TRZEREDFHENE
MENTVWE»2MHERTS. AR THMEIXLED 34T

IRIAREL
& 1007 BB SRS
=
@
a
>
8 o
2 10 o
3 ¥R o g
o o
2 oo @ % 088 o
o o§o Og o
o O‘% 8 o%o ©
©
o
0.01 0.1 8%§%<% ‘5? © 10 100
o %o %0835%
o2 %% e
o)
(éb 00 6%,
00,08 €
o ©% 01
8o
o
o
o
o log odds (COVID-19LL#f)

0.01

X 6: $IEAREIZ BT S COVID-19 BART & COVID-19 DA
DB A v XD g

Wb rFETHS. 22T, MEERE, FMEj I
HUT, TRTONRLZZT 7w RAEIZ, RHZH (z,,
sAEE) ZEEIC, HNERZEEEONEME (v, = 1(E
By = 0FRE), i BT 72 AHFST) L LTW5.

F 4z, 1) CARMEDAE b L v FZLDORRIE [ D E =
MNIETH B0 E 5D, 2) COVID-19 BAET (2016 E£EEH» 5
2019 FEE £ T) & COVID-19 LA (2020 D S 2022 4
JEET) O CAREAEEINTWENE S HPIZDOWTIRE
2T, BREAKESRT (BB Rne D) IR A
MEn-MERZERUZ. ROTEIZ, LY N& CARL
LERBINTVWEDIE, 1) & 2) ORI & &
DORIEHTH 5. CAR »¥ COVID-19 BLHT & © £ COVID-
19 LI THE I N L HEIZE 2 2 0P 105 ORMEIZ >
WTT, WEINLDSTZEWVWS DAL TNIZ2MIZRS.
CARIZIEHT SR, FHUHIIRINTVWEILREIRE
ThH» A, BH, WEINLD-725HD 1 BIZDWTI,
BOERDHTH UL BRS,

# 4: CAREDAE h L > F&{be COVID-19 Hif& TD %Ak

B U PR | R U 7 R
Z N 120 2
CAR 117 2
ML > N& CAR 105 2

2016 4 H1H»S 20232 H2HETOF ¥ Y 7L —
v a v ETo 7 321 MOMEOE 6. (HEKE 5%)
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3.6 CAR({E, ability {8, FIEREE DRBEK

X 5T, CAREDF¥H COVID DHIETE D L 514
bolhERUEZ, —RINE, Z0Z2r5ZEFRO%
ERRONEEHELNE. BN, TRTOZEHRE L
<A U RME % [F U HIBRRERF P I Dy E B & 5 ek o 214l
FABNTIE, EERD EDN 5722 8 &25EDRENED
EUZZEEERAILIIEZRS. LAL, ZZTHROYH#FE->TW
ZF=RETRTT 4 TTFAMILBHERTHD. 7XT
T4 7T AT, HESNSMEIXZERE OBIEREIE
ALY NEE 2 FOMENHSNIEIN TS, £
IT, ZITH, 2O BEREZZR LU ETOZER
ROWHEIZDVWTHARTHAS.

X 71, SEABICBWT, BRI 28 0ME D
¥3% COVID-19 BART & COVID-19 TR L 723 DT
H5. BRMICESEE, YORBEOMEIZNLTE, K
SIZR 6N/ & 57 COVID OEIETDOREREVWIIR SN
W, L, HEEELSRS Y, COVID-19 PABEDEE I E
DFFPSUIE»D COVID-19 BAFTDOHEENE I D H KE VX
SIZHRZ5. FY VI —rvaryUMEOREEILZ
DODHTIHENTWSEDT, KIZ, MEOKNHEENRZ S &
512, MEOHNEEIZNT 2880fl% 72y b U THT.

K8z, F¥r VT L—arBEOEMEOKNEEIZNT S
RO ORRERT. MaERbE, £7, MEKNHE
& SR ORESME I IEIER (2@ WAHEE (FHBEAR %L 0.925)
NROENDDT, HEI NS RED KN 52 5RH DRE
EIZEHLEETT R T T4 TITREINT WS Z AR T
5. DFV, TRXTT 4 TYVATLIZIEFIZTHEEL TV
L bhnb.

Wiz, 8Tk, COVID-19 BAiT & COVID-19 BAREIZ 431 F
T, MHITEVEDHEINEIDNEMRTEELLSICLTVWS
73, Wi & T 5 &, COVID-19 BARTDBEIEIX COVID-
19 ABORENME L D HAU Bl 7 hLTWE LS ITH
Z5. 2%, AUMEL25 2772 &D, COVID-19 BAE]
DZEREDBHE L v H COVID-19 BARED3Z i OB 2
DHEBRHLTILIZENENS Z bbb, =L, BET
(THERRDNHE L\ D T D 2 OMUE % BT T - THATZ.
I ZTORERERT. RO TFERIZ, ability & b L
Y RE CAR L EEHEINTWA DI, ability ¥, b
LY R, CAR LT RTHAMEKHISGEES Wiz & EOREKT
HaH. ZOZehs, FAUMBIZIND A ZZEREDRE
EREL R TV AV HERTE S, £72, RA4DFER L
AbETH, COVID-19 LABIZ X COVID-19 AR & bz L
THEROBENAONDL L EZ SND.

BRE D E ORI R UK RTER I ® RIRHZ m o is
ZhLTWK &EZSNS. £ZT, M9ITI, COVID-19
PART & COVID-19 BABED 7 27 & ARRED Hilig % 47 > T AT,
X O, TRTORENDT 27 AR KT 5 4%
MEANDT 72 ZABOHERTH S, XH 51k, COVID-19
DT 72 AEXE O IXMERBEEN RS Ve 124

% 5: ability fE ¥ D COVID-19 Rk TDE

HEIN | KESI NG o7
il A R
ability fEE-¥ 130 21
ability fE-F3 &
LY & CAR L 83 0

016 F4H1IH»S 2023 2H2HETDOF Y ) 7L —
vavETo7 32T MORMEDSGE. (B RKE 5%)

WESIZRZ B, HHWVIE, FAUT 27 v AREZRTHER
#RE 13 COVID-19 BARTIZ bR T COVID-19 BABED 5234
Y7 hLTWBESIZRZAS. 22X, TS T4
TV AT LD S B R RE O N D32 R OB REIC S
DLDETHHWIZY 7 PINTVWEI 2R LTWELEEX
YA

R

4

3 4

X 7: #IEAREIZ BT 5 COVID-19 BARiT & COVID-19 AR
DHESIE D LLHR

4 ER

ARTHOFE>TWET X TT 14 75T A MNTIE, ZEE
DFEENES LD L 512, ZEBIZIIMMEF 21T
REICEDHAEEREIN TS, H ULHUZEREIZHU
MR S g, PARTRIEE U 756 & = OB O
a2 b LIz, ZHDOZERIFICIZIESE RN L35 & 5 I12f@
SATREMEZ BETE R\, 7272, ZDI7/41%, Hkis 528
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IR

IS

COVID-T19L{k

& ability

a5
Re
w
p
o
°
o

1HBIFR%=0.925

COVID-19L4H

X 8: AL B 2 FIEKEEE %/ U 7= COVID-19 B
AT & COVID-19 BAREDRE J1fE D ELH

BEADMIFEL ZBRWESE S w5 Zen s, COVID-19
DHIBECTESRNZAT S XS ITHEEET 2 L IXB X 0.
BRI D7z o TOMBE L L DORRIZ L 2 EERD LF
Db > —DODAHEMEFF - THD. —~ADZERETHL
7228 %1T 5 DTS, HBOZBRE & Oz L ->T
ML B PRI NE ERAN TV LW ATEEETH
5. TDEIRIEDMTONTWENE S I DN THER
LBHDFHLWESIZE DS, UL, BARATIEDS
N, F—hOAEMEZEETED LI BERET — X R—
AMBFERTE. 22T, 3.5 TEkLZES1Z, CAR
B LT, COVID-19 BART & © £ COVID-19 BABECikE &
NZPo7535DIRIZOVWTEHLLIBRRS,

% 612, M id782 & 7 id783 ® CAR DIEE{LE Th
THNRLUTWS, RIZIE, 2FL LT, MEOFHN e &
NS b OFE/EHAAITFTWE. IS 0FEfEIX, VA
T LB LR 72 2014 FEED 5 2015 FERK F T 72
WHfEE, IRTIZE>THF ¥V L= a v %{Fo72%T
2016 fEEN S 2022 SEEE Tl 2fETH BH. ZhH 2D
OREI, =ABBEERIZRED 2 DDOTFORERD S
MET, NERIFEAYHLTHS. #->T, CARD ML
YRERU&SIZRD, 72, COVID-19 B TDEE)
RodEsEFERERPI RSN Z e BPREINS. L
LZahis, R id782 TIXIHMEREE MR OUEN R S5 h
%5 (F4A4D 105 DS HD 1 D) OIZK LT, MEiId783 T
Wz EL R SR\, T OME id783 K 4 TWEDN
Ronaro-7z200550D12TH5.

M@ id782 TlE, CAR DAY 0.467 TH 5=, bDF v
D7 V—vaViflid oo TEY, £/, CARD
EHEADU ERURAS 05 x> TWS., —F, [E

R

COVID-1954#] COVID-194f
'
'

FIREEREEE b

9: ¥IEAREIZ BT 5 COVID-19 BARTE COVID-19 AR
D7 7t ALED Fif

id783 Tl%, MEDOKHEIXMEd782 LHUTH BIZHH
b 5T, CAR DI 0.045 L IEHITMEWMET, F72, *
DD, bOFy VT —va U MEld1.71 EEWEIZR -
TW5. UL»b, E4CAREITTHRLAKTH 5.
ZOFETEEDBEHFDOFENEZBHEL TWB I, [
B id783 OO/ 8 D 5 B 2 MO IZRE N B B
ZENHEOD o (EMEIZIE 2 D EZDIEREHIZ >

TWz) . ZOREWIZER 9 E/MHD KA DT ITiE
INTW., ZTORER, ZOLILBFEUEERNPILZ -

72eEBEZBE ZDAGENHETES. T LT, IHICE
Tz, L, F— bPHEfTbh TV RKET
i, AT LOhOREE WO -ZBEN TN E ZD
FEAHNUCEZILTESIIT T, EERCARIXZAK
WWHEL RS WL, ELTRPEAXA BRI HEX
SNV, DFD, (RELEZES BRI LI RroeHE X
LHPERT, F— MIfrbhTwizwy, ds0\WTbh
TWEL LTEHHATELREORTIE AP o720 EX
5NB. BB, T—XXR—ANTOMEId783 DL IE
122022 £ 12 H 27 12T LT W5,

5 F&ob

HH KGR, TOEFL 2 &4 iGH T, ZBRED
BEN R EREN D ANEIZFHEIT 2 72DICfHINTE TV A,
THH S HER % W 72 O R BEl T A STk, EE, R
HEIZEREFHATE 2 L5 IZBEINhTE D, LD
HERROEFEE2ED TS LS IZE8bNns. LarL, H
HNXIGH G CIXMEOWEE © MR ETE 5720, T
XTT4 7T AMIBHAANGETHE. 7XTT14 7T A
bTIE, SZERE OFEEMNE @6 5 72 O I [ D R X° fif
BEBARTHIENROONEZEEL . RSN
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# 6: M 1d782 ¥ [HiH id783 @ CAR ODHFZ b a & b

R | id782 [ id782 | id782 | id783 | id783 | id783
CAR a b CAR a b
2014 - 1.00 0.00 - 1.00 0.00
2015 | 0.467 | 1.00 0.00 | 0.045 | 1.00 0.00
2016 | 0.318 | 1.08 | 0.119 | 0.038 | 0.801 | 1.71
2017 - 1.08 | 0.119 - 0.801 | 1.71
2018 | 0.310 | 1.08 | 0.119 | 0.175 | 0.801 | 1.71
2019 | 0.214 | 1.08 | 0.119 | 0.056 | 0.801 | 1.71
2020 | 0.533 | 1.08 | 0.119 | 0.016 | 0.801 | 1.71
2021 | 0.567 | 1.08 | 0.119 | 0.010 | 0.801 | 1.71
2022 | 0.500 1.08 | 0.119 - 0.801 1.71

&, HEE S NZRE)MEDEFEN KIS,

AN, BERERAZSY NI I ABFFATE BG4 TH,
KEUET A MZB T 2 HE R OAHMEICE T 5 58I R
S5NTW5., £/, 787547054 VFTAMNZED
HEDHBEPNE D PDEBETH DM, TD LD RN
HEZLWE5ThHB.

T, AfETIE, MEERER S X O O % FR
LIz T DT R TTF 4 T I4 VT AMNIBITS%
BSRIZOWTHRE Uz, W T — & R_R— 2121k, #E
FOMERY — L & UT, MIBAER, MRy, HoEmlr,
- HfEE, W AN, REYEL Y O KEOFEE Y
Web X BT XS54 TAVIA VT AN AT LIZE S
TEMINZHD %M o7z, ARTIERHZ, 2020 FOHH
EH SHITHIEE - 72 COVID-19 D3 EE RN RIT G X -8
ER57-8, 2019 EEDFIO T — & & 2020 FEELAIED T —
REWBKUZ., DWZH7-->TlE, HENMGHEwRIZEIT 5
INT A — R DOHEENE % NS 5720 TIRFEES RO
Wi e Bbnd 7z, ARTIRELERD L v X0+ &F
M= IR 72, FEBEN R OF 2 & OFEEHN R MEE I
1, 2RICI VT 1 vV vy —RIRRTRIIE AR T
W7z,

S OFER, Web ZIEMBET X T571 T4 VT A
MY ATFLFEFITEEL TWB Z EWMERTE, /2, Z
NEMAETZa2—Y—i2ik, COVID-19 BABRHZ FH 5 R
DUERRLGNDE Z B bhroT-.
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RRIEC, MR, RIEEE, RILAR, ZRREE A, Wk
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S 3R

[1] de Ayala R. The theory and practice of item response
theory. Guilford Press; 2009.

[2] Baker FB, Kim SH. Item response theory: Parameter
estimation technique, 2nd edn. Marcel Dekker; 2004.

[3] Hambleton R, Swaminathan H, Rogers HJ. Funda-
mentals of item response theory. Sage Publications;
1991.

[4] van der Linden WJ. Handbook of item response the-
ory. Chapman and Hall/CRC; 2016.

[5] Hirose H. Prediction of success or failure for exami-
nation using nearest neighbor method to the trend of
weekly online testing. International Journal of Learn-
ing Technologies and Learning Environments. 2019;
2:19-34.

[6] Hirose H. Current failure prediction for final exami-
nation using past trends of weekly online testing. In:
9th International Conference on Learning Technolo-
gies and Learning Environments; 2020. p. 142-148.

[7] Hirose H. Meticulous learning follow-up systems for
undergraduate students using the online item re-
sponse theory. In: 5th International Conference on
Learning Technologies and Learning Environments;
2016. p. 427-432.

[8] Hirose H, Takatou M, Yamauchi Y, et al. Questions
and answers database construction for adaptive on-
line irt testing systems: Analysis course and linear
algebra course. In: 5th International Conference on
Learning Technologies and Learning Environments;
2016. p. 433-438.

[9] Hirose H. Learning analytics to adaptive online irt
testing systems “ai arutte” harmonized with univer-
sity textbooks. In: 5th International Conference on
Learning Technologies and Learning Environments;
2016. p. 439-444.

Park YS, Yang EB. Three controversies over item
disclosure in medical licensure examinations. Medical
Education Online. 2015;23:1-5.

Bock RD, Muraki E, Pfeifferberger W. Item pool
maintenance in the presence of item parameter drift.
Journal of Educational Measurement. 1988;25:275—
285.

Feinberg RA, Raymond MR, Haist SA. Repeat test-
ing effects on credentialing exams: Are repeaters mis-
informed or uninformed? Educational Measurement:
Issues and Practice. 2015;34:34-39.

Wagner-Menghin M, Preusche I, Schmidts M. The
effects of reusing written test items: A study using
the rasch model. ISRN Education. 2013;:1-7.

[14] Tang X, Schultz M. The effect of repeat exposure
to simulation based items. Practical Assessment, Re-

search, and Evaluation. 2020;25:1-10.

— 107 —



[15] Raymond MR, Swygert KA, Kahraman N. Psycho-
metric equivalence of ratings for repeat examinees
on a performance assessment for physician licensure.
Journal of Educational Measurement. 2012;49:339—
361.

[16] Selvi H. Should items and answer keys of small-scale
exams be published? Higher Education Studies. 2020;
10:107-113.

[17] Ferreira AI, Almeida LS, Prieto G. The role of pro-
cesses and contents in human memory: An item
response theory approach. ISRN Education. 2011;
23:873-885.

[18] Wood TJ, Swygert KA, Kahraman N. The effect of
reused questions on repeat examinees. Advances in
Health Sciences Education. 2009;14:465-473.

[19] Gilmer JS. The effects of test disclosure on equated
scores and pass rates. Applied Psychological Measure-
ment. 1989;13:245-255.

[20] FEFIFT, MHMOCE, el A, BEESHE. B TR AED
72O DRI : Web 7 & A B, B EbE: 2015.

[21]) BEMEDEKE, BREY AR, WER L 45EE : Web 7 & A b H
fF. BZJEAE; 2015.

[22] HERIFT, FWBLRE, 1L AR, BRI, (ekir A, H k-
B, BEIEAT, BEEDEHE. P TR D D DWATESD
Web 7 & A b EEAF. B JEAR; 2017.

[23] KEEEEL, SN —, Hb A —, BRI, B0, /N
ERAER]. BT RFBAED D OB « Web 7 ¥ A
N A B JEAE; 2017,

[24] FEWESCHE, BB, (LNRES Y, NLETH. 1 2O MR
43+ Web 7 ¥ A MEEB (). HEEE; 2020.

[25] AERIAT, FOREAL R IR, PR, B B
MTRZHEDIZDDOMWMD HFERX : Web 7 2 A M EE S
B\ 2021.

— 108 —



SEESMBEL S R-TEE RGO F M
RKEHMZEDCBTICE DT RN

B i (A8

BERRKENA TGtV 57—, RRARZFRAREERE)

hirose_hideo@kurume-u.ac.jp, hhideo001@g.chuo-u.ac.jp

1 EL®HIC

L DOMEMREICBE R O6N 5 & 512, CBT (Computer
Based Testing) 1%, PBT (Paper Based Testing) & KB
U CEZBRENENS 2MICH 5 [1,2]. 20k, CBT I
X, A - REEORBITINA, BIREIZE & XD DX AD
HAMEEWEEZONE PO THE. £/, 5&IE, K
FANFHET AN TEHR L OWLBEIZET S FEMSE 3] 1T
ERoNBE XS, CBT o TRoXEEEL kT E 50

BEMEZF O EZX SN, CBT IZ5BBEIZHEBELTWL &
Hbhs.

CBT # Wi, ZER#FDRES & [HEO K% % [F R
RS K FHi T & 2 IHH KOS EE (IRT, Item Response
Theory) ([4-7]) ZEZIFHA$T2HZLETES. ZOIRT
&, TOPAELEEMELS, SHTEZBRED T + —
XV ARGHITS 5 72 DREHER IR FIEDO— D BRI T
W5, ZD7=®H, TOEFL %X U & & T 2 k4 72 AR
THHZINTWS

IRT TiZ, @5ﬂﬁ%ﬂ7XFU/7%TW%ﬁELP
L&, HOZHENHLMEHHIINE Lz EDESD
SIEREINET M) 2 A (InEZ 2T MBHEE< b
VIR ERER) ZANT—X TN, RAOHEEZH
WBZ2IZE-T, IRT 85 XA —XTH5EZEEDEE
&, HMEOREEOHEME ZDEHEKMEZ 1 LT
KDBZ LW TED, IRT &, FHiNAMEICE S % 5 2
T, HMEORROEE R % fHiifE & 3 2 b L FEAE &
He 0, MEONEE % FRHEE L 72 L T2ERE DREIMH
EHETELEPEETHL. /2, TOZ2IZE-T,
DN HEE % ZERE DRENEIZE LR T X T T4 T T A
MEHREIZA D, DR WRER THE O R WEEHifE % 145 5
ZENTES.

REHEIFEIZ L > TRD SN HEERIZ, HERMETFT
WHEERVEDSE D LD Z e IS T WS (8] 7z, Ak

HEE B DML TEYS 2 AR ZE DN S 7 B #fEE R II(FAE
LW, 2k, BELEZBEETIVEZDNRT A—KR%E

MOTTE, ZOWEENPRETHL I LE2EKRT . o
T, X5 A M) w22 IRT EFLVOHPFNTIE, Hohd
NIRXA—RMWEBRBPHRRTHS. £/, Thz AW
DHEELRRIZNS. DE VAR S.
ZDSEE, IRT D85 A —ROHEFEE % W T HEREEE

UHHIREY MY 2 A (Zha 22Tl THEERES b
VU A] LRER) ST AL 2B X B (9. T DK
RAE X Nz E T IV O T DRI HEE B OIR 2 8\ % 3
filid2DTiE L, HEREY M) 7 ADBHINE~ MY
IR EDRER N E WS EMEE, EETNY IR/
V% FWTRHI L, IRT 3R> T\ % HEEBE S % FH T
LEHeWnWS 2 TH5[10]. TITIRIDOELEZE, R
53 f# (Singular Value Decomposition, SVD) 2 & - CT#
HISE~ M) 2 ADIES v o< b)Y 2 A%k LT, #H
ERES NV IANEDT VIDIEKT o< MY 7 ZIZL
BT 20T 22 LIz > THRBT 3.

=L, HEEXI N IRT /85 X — ZIXHHE M ERD A
RS BE 2> T WA D, ZZTRDLELEIZON
THEZEDEFIDNWTHERTHHLEVDHD. DED, HE

TR FHOE ﬂﬂif@;&q‘uﬁ%nﬂﬂﬁiéﬁ%b%% Z
T, Ko< M) 2 ADEF R FMT A ERIZIE T —
AN T Y TEEZHNS

ZOfHEE, EBRICKETEBINDZHOEY T A b
IZ CBT 2\, Bon=8HcsE~ MY 7 ZITHEH U724
B XS A NIy ZRIRT EFA» 6B NEHEINE Y
MY Z 2 Ehmh RWEERE2E-6FT 2 e 03bho7z. D
0, IRTIX, NFIA MY ZEFLE L TCHIBES N
ETh2I2Enrb6T, FHIORKT, BRLES Y
I ABRFRBHTETVWBEKT V< M) 27 AT HDEWHEE
IEX NV I AEHALTWBEZ b oz,

2 IRT &HEERETMN) IR
2.1 IRTE®FJ)L

BHER 2 IRT T, BHGEY M) 2 A2 AT —X &
Uizl &, ZEREDRIMEG, (i =1,...,n) &RED K
B oaj,bj,c; (j=1,....m) ZRARIHEST DI LNTE 2.
WH, ZTOnxm M) I ADERIT1/0 DfE 5;; 15K
DLoTW5E. ZTIT, §; 1T1F, ZBRE i HRTE j (2 IEfg
L& 1%, EfUhro/z2Z20%2525.

IRT €T VT, ZEE i BIE j ICEETEHER%E

— 109 —



ROOUIAT 4y VR p; THAD.
1763‘
] +
1+ eXp{—1.7aj(9i -
= 1—qi(0iia;5,b5,¢5),

pij(0i;a5, b5, ¢5)

bi)}’
(1)
T IT, 0; \$ZERE i ORESIME, aj,bj,c; E, THhEN, M
B GITRT B, M ST A — &, FEEE S A—&, YT
HENRSA—RLIEENT NS, %Jiﬁ%%iﬁmij’
EETERP S MRIZRS., 22T HSHETIZS
JEE IR D IREL D% < %’Cé‘ﬁgb)l%ﬁt,m\bhéﬁo‘%%%
25720, YTHENT A —XIZHVRL.
%ﬁ%i&%%mM‘,n7x R 0;, aj,b;
RHEE R 0, , a;,b; 1%, IRORHEEREEL

n m
s T <o),
=1

j=1

W29 % 5

(2)

ATz oTsRkDoNS.

RIA—=R 0, BEF a;,bj,¢; BEEDTOTHRL, #
HSE< M) 2 A% A = (6;;) TR & &, RILHEE%E
HWTARIA—RMEERITD T & %, Iz

A~ 0. (3)

LRBT 5.

2.2 HEEREIKNIIR

HEEh-0 % (1) KD p;; ITRAT R,
% O OB 6, WFSNDE. ZOHEE,

[0, 1] T

O~ A, (4)

TEYT. 22T, A=) THB. ZOBETHSNEZT
MU ZZAA % THEEIEY N 2 2] LIER. (1) Xb o,
biy ORI, ZBE i L ITERT SRR EEL L
Bl D. O RIMEERMEZFE D720, 6 BT
MzFL, GREZR/NIT L VWS EKT) REOHEE

il 7e5.

3 HEREIMEBSVINRETNIY
A

RRIEDHE, SVD

A=(aij) ZEmxnIMIZRAETEH. ZOLE, ATA
X nxnONFR< Y 2212, AAT iZm x m OXFR< b
VO RAZWRAE. 22T, ATIFADEKEL2RT. ATAB X
YT AAT (T3 BEAMEE BEAERT Mk, (FETE) FH
Uiz7%. ATADRBIEMEEEBA NS MV {&,&, &}
BE{v,vg, - ,v,} &TB. DED,

3.1

ATA’UZ‘ = @vl (5)

Th5.

BElHEHZ, §>86>-26>06u==§ =0
D&, BIEIZEAREZS. 22T, ridATADT >
72855, ATARIKRRTHE9 5, BARZ MVIZER
Red. 2D, v,ov; = 1; THD. TIIT, I; 13,
Li=1, I =00 #j) %21 Y 75— 2BTH 5.
w;, %, 0,=& &UT, u;=Av;/o;, (i >7r)ITLoTE
#9565, T2, TNHDRZ MV ofEsihbd< b2
AU=(u) &V =w)Il&>T, Alx, A=UXVT, &
ZWERALZ ETH B, A—gjlmuwfa%?’aﬁ

TEA. 2217, SIXHMERIZ oy ZHWEZNM MY F
XThé._m#ﬁﬂwaﬁﬁﬁﬁm&f%é(ukwp.

3.2 KSVIU<TMN)IRDERK

AL %, BREMREI N NI Z2AU LV ORIID k
5% W,

k
Ap =Y o], (6)
=1

DESIEL., ZDEED A, IFADIKT VI NI T A
2o TW5,

Eckart-Young DR [14] 12 I 11,

Theorem 1 (Eckart-Young).
1) rank(Ag) =k
2) For any m x n matriz B, (rank(B) < k),

n

4=l =, min 4= Blle=( 3 of)
ZZT, || lr 6iFroben1uso)7]\‘)77\/}bL\, DFD,

l(aij)llr = (X, ; laij|)/* THB.

ZOEHI, A, SMIZADIVIDRE+1 LD D
INEWS MY ZADFTIE, SRV TZA/VLDEIKRT A
DEFEEMIZZ>TWE I 2 RLTWS.

33 EZVIREITNIIR

AZRBHNIGES NV ZAA, Ay & A AT I EIC
EoT, ADIES VI NI TR A, 2IET V75~ b
VOANA, EARTIENTELDT, SVDIZL-T, #
HISE<X NV 2 AADSET V2 IEET NI 2 AN, 2FE
ETBZENTES,

4 KFEHZ CBT Ofl: AR DHS

B 14612, KPP CBT (RUBMRED) OBl E~ MY
JAN=(0;;) ZS. EEOZEREL n X216 A, HE
Bmlx31 THEH, MTIEZHRERZ28 A UIrRAT
WAV, ThET—AAELED.
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BAGETRU 724

HEELETRV IR A

“*~~incorrect

correct -=*""

1 BHSE < MY 2 2 A LHEFEISE Y Y 2 A A[9]

4.1 IRTICLBPHEREINMNI IR

BHINE~ MY 2 2 A = (0;) RO HEEEZEH L, /<
FA—R O DTN O ZkdD, ZhaflioTHEINEY b
V2 2AAERDEBLDE, BIAIRT. LICRAEES
2, BREFREPSIZZOY M) AR IRT ETVOLH LT
FREIZR->TWA, LAaL, 1D A & A %t 5L,
HESET NV 2 ZAPSBHINE~Y NV 2 A A 2BE
FNCRBZEIIETEY, T LEPEINTWBHIR
1720,

INZEBEIZHEZR T 572812, Frobenius O~ hV 2
2NV LERDTHS, ALKEEIDOI MY Z A A= (a)
¥ B = (bj;) Di#\ % Frobenius D% k) 2 2/ )L L TH
ER

RMSE(4, B)

1 n m
P > (ai; = biy)?
i=1 j=1

VU4~ Blle)2

LIRBDT, TNEEEISEY N 22 A LEIEE< N
JANEDENERDEOICHAELTAS L, RMSE(A,A)
1303915 £ 572, DT &IE, BHME 6, HYHEELE 6 &
FHLTEBLZ 03915 BN T WA Z & 23T, BRI,
Z OBUEIZ/N S WMETIXZR .

(7)

4.2 BEEIRBICELBZESVIREITNIIR

RIS ARz & 512, IRT 2 W72 HEE A 6y (138 B 7
EETH-TH, HELE~Y MY 22 A RBEHIIGE~ b
AN ZBEBIZHEBRELTWS LD ICRRAX RN, 22T,
ZZT, ANSVDIZEoTHERINBET VI3 MY
DAN,DEDTYIDI M) 2 ATHREENRET Y
O A IVADEERTHNT, ThriEbsE~ v 22 A
DOEBHIGES M) Z A ANDELEL L TEET 5.

KU, k=1,...,510,20,31 D& ED RMSE(Ay, A)
D%z 7T. #iZIF, RMSE(A, A) Ofid L Tw5. %
75, RMSE(A, A) &, RMSE(A;, A) £ RMSE(Ay, A) D
FIZMELTWEZ bbb, ADT V7831 TH

BIZEDbST, HEREY NI ZZARbTRT V2
BOBREDES VI Y27 A Ay KO EBBPNEE< MY
7 AN ANDELEIPE N, DF D, IRTH#EREY N 2
ZADBHEE< P ) 72 ANOHBEZEL I3 REZES
WS Z AR TES., ZDZriE, IRTEFNVFKTOE
THEEPSELNBDIREY N ZRAHETHD E VD
BUSH S ITEHBARFERTH 5.

M21Z, k=2 k=10D& EDSVD »SESNDKS
VIRMIIAERT. k=20 EDEI I NI T A
Ao XM 1DOHEEIRE MY 22 A L XBTED, k=5
DEEDEXRT VI M) T A A 3 1OBHIEE~ Y
IAANZLEDELMLTWEZERbR5.

£ 1 BEIEEY NV 2 AA KT VIR NI T AN, D
#® RMSE[9]

k | RMSE(Ax, A) | RMSE(A, A)
0.3915

1 0.4066

2 0.3851

3 0.3652

4 0.3479

5 0.3306

10 0.2562

20 0.1325

31 0

SVDIc&BEZYIRMITR Ay SVDIL&BEF VI RUIR Ay

e wr—

s,

21 4&5\/7’7\6%71\])7XA28A10

UL L5, Zhik, 25 KEOBIENARBDT A MZ
CBT ZW=kERo—HlThHb, EIZBR7zE S aMEN
DBZBEIZHR D ILDONE D DiEbr 5w, 2T,
@ CBT OFERIZOWTEHRED Z L ZFARTAB Z LI
L7-.

4.3 4245 —22D CBT O#ER

ZIZTI, RATRT 27 —2ADORHED CBT #EETOD
BHIGE~ Y 2 2220\ T, HEIGEY M) 2 ALKT v
IIEI MY I ADBENEFINT AT, 42 7 —AITiE T —
ZAEEENTVS, ZBREOMFIIKY 1-2 F4ET, M
EORE X, WERim, #Ety, EWo ARER, WS, &
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RE R ETHD. TRTCOMEIZZEERRTHE SN
5551 oThEY, EY4as 1 28E45 0 2H8HIGS
SRV ITADT—AR—=ZIZET LI IZHR>TWVW5S,

2 275—2A0RHEY MY ZAY A X [15]

d|®E [ »n | m|id]| ®HE n | m
1 PS 44 |14 || 22 | LA 132 | 84
2 PS 41 |19 || 23 | LA 177 | 49
3 PS 34 |17 || 24| LA 142 | 45
4 P 97 | 32 || 25 | LA 46 39
5 S 57 | 15 || 26 | LA 39 45
6 S 75 | 14 || 27| LA 181 | 45
7 C 40 (19 || 28 | LA 229 | 84
8 PS 44 [ 15 || 29 C 1131 | 77
9 PS 72 | 21| 30| LA | 1101 | 84
10 | ODE | 41 | 13 |f 31 C 215 | 36
11 | ODE | 49 | 25 || 32 | LA 47 39
12 PS 54 | 21 || 33 C 209 | 36
13 C 70 | 26 || 34 C 868 6

14 C 9 16 || 35 C 215 | 36
15 C 45 |42 || 36 | LA 585 | 84
16 | LA 36 | 39| 37| LA 39 39
17| LA | 566 | 6 38 C 209 | 31
18 C 66 | 33 || 39 C 209 | 67
19 S 97 | 12 || 40 C 216 | 31
20 C 76 | 30 || 41 | LA 585 | 49
21 LA 132 | 49 || 42 C 145 | 34

PS: MR - #iat, P: HERGm, S: fat#,
ODE: ##Ma fR, C: k5, LA: AR

B312, 427 —ZDRMSE(A, A) 27§, M sbhb &
5142, IO id 13D RMSE(A, A) BEIEIZ 2% & 5 12
JEPAHF S Twd. BITlk, RMSE(A, A) LT
B0, ThaRb2, $RTDidIZDWT, RMSE(Ay, A)
< RMSE(A,A) £ >T WA I LARTES. 2% 0,
IRT DHEERES MV 2 AL SVD hoffondks v
XMV (k=2) KDHBHINE Y M) ZAZELL T
WRWE WS Z i, EOMIEREDOHIARR M &N D
Z 2T, oBRHD CBT THHEIZRSNEEHLT
HHLrWHZeERLTWS.

UL2ALENS, ZOMREIX, ADBEEIRTEZHWEZL
SOWEMBTHS. BHFEHOSVWHE TN, TXCT
DF—R%E ML=V I TF =R LUTHWZE EOFRT
HY, BEEADPEEINTVWELE LR, FHIOE S
51, ADEZEZ NV —Z VI TF—RETANTF—RIZH
F-EEDE 8T, TAMNT =X EHWEERENED X
DN BN EEIIR S,

5 TANT—9EHBHWLER

SMNIZAALFEAUKREIDIYNIIAZ ML —ZV
TF—R S ETAMNT =X TIZHIS, TARTF—X
WA DEENS T VEAZ 10%DEZ2HH L, B
DI%E PN L—=V T TF—RET B, FL—=VTT—

05

0.4 \ /

u \/

02

RMSE

0.1

F—Fr—2id

3: 42 /7 —A® RMSE(A, A) & RMSE(Ay, A)

R, TANT—=RIZXo CTHMEE (HREEIR (15 125
) INZREY MY 2 2%, IRT TOHEEIEE~Y Y
2 2DE, S, T T, SNDTDI V2 kDIKS Vo<
N2 2ADEE, Sy, T, TET. ZOML—=v 25—
R, TANT—R% 7V X LT 28/EZ 10 E#E VIR,
ZhZ N D RMSE(S,S), RMSE(T,T), RMSE(Sy, S),
RMSE(T;,,T), B LU0 Z 0 5 DFEH, u(RMSE(S,S)),
w(RMSE(T, T)), u(RMSE(S,S)), u(RMSE(T},T)) %K
H5.

5.1 T —X A iR

B 41z, e —2 A (BHERED) I22o0WT, IRT oK
®» 57 RMSE(S,S) £ RMSE(T,T), B&U, k=17
5k=10 D% D SVD 53K 5072 RMSE(Sy, S) &
RMSE(Ty, T) %59

MzisE, PL—=v27F7—&TORMSE FETH
52B0 kEDBEMNTHIZONTEFNTHDLTH->TWNWS.
72, RMSE ®® 5 F3/h& <, §_T RMSE(S,S) &
RMSE(S,, S) DIz 5. ZOZLIZFADTRTOEHEE
M=V F =R LTHWEE EOWE L ED 52\,

—J, TANF=ZTDRMSE(T}),T) 1%, ZhdE
NdeBH, EWHhIWE EITEORDEEIZ, KE<A
2 L BEMBABUC 22 5 V iR [16] 2 fivTWwd. T—F A b
59 & BENEFND RMSE(T}, T) #7225 D
i, 3<k<5DLETHDEIITRADDVHMTIZAR.

ZFIT, K3, W0EOT—=FANT Y ThoB{ELNE
RMSE(Ty, T) @4 n(RMSE(Ty, T)) % k = 1,...,10 ®
LBHEIZDWTRLTAK. RIZWE, IRT »ofEsn s e
WES MY 2 ADT A NTF—RIZB1T B n(RMSE(T, T)) ®
fEHHEL LT VD, DS, u(RMSE(T,,T)) A/
52kDlZk=5ThdILDbhrb. KTEIDLED
HERFTRLTWS.
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ZOZ S, RMSE(Ty, T) & SVD 2o ES6n 5K v
IV IADT VI E EITTETVOEME R L
LTH, 5 —FD RMSEEMU FIZIZRSRNWI AR
nNTWa. Lrs, TOI V78ISV, £72, VHlIkRT
B/INT 725 RMSE(Ty, T) DA 0.3985 1%, u(RMSE(T, T))
DAE 0.4056 DIEIZIEWZ & E bbb, DFD, SVD 2256
ESNBET V7RG~ b)) 7 ZOBHEE 2 BININE < b
V722V B5EDIFTH, IRTIZEAHEIEEY MY 7
Ao BFond FHKE2 KEL ERSZ & d%L, 1FIF
A% LkE2RLTWS.

EVWhEE252, IRTICL5HEIE, FHIOEKTDS
BEZREBIEWZ &% 5. LrL, Ihe, ¥—AA
FIHZRSNBEEA»S L\, 22T, RIZ, 427 —
ZDHP S HD T — AR M LT, ¥—A A L[
BB ASNEINE D PEMRIEL THAS.

0.5
RTFZ b 7—%

SVDFR h7—%
IRThL—=v T F—% SVDhL—=v T F7—%

03 -

RMSE

0.2

0.1

4 PL—=VIT—=2BLUPT AT —XTOD RMSE
(r— A A)[15]

£3:10EDT—= AT Y ThoH/ES
D W(RMSE(T, T))[15

547z RMSE(T}, T)

kE | wW(RMSE(T:,T)) | RMSE(A, A)

0.4056

0.4168
0.4085
0.4026
0.4025
0.3985
0.4009
0.4019
0.4025
0.4048
0.4052

© 00 O Ut Wi

[
o

5.2 42 —ZXDHD 87— ATHDIER
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