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Major innovations in PISA 2015 and beyond

Deputy Director of the Center of Global Assessment, Principal Research Scientist of ETS

HI A i K /A

OFlea MEFELTC.TAVIDOARE U —LBEXWEETRIELI VN EBWCET R,
ETS (Educational Testing Service) DWFZEHM A2 # 5] L T LAV E 1A FE KIS A1 FH
EEAE BV W LET,

BEIZH Y £ PISA IC2EE LT, FICHEBEUMEDOHEMMRSIGNLDOEMLE L L
T, SHLHMRFZRAE > TELIR, ZOBILLWH, BELEZAT A K& ZH#FHW T
FEEELL, WAREEZIT AV AN RkbND & EIT, FilFFITSE CTRITHAENLT—H
BACHERRD ZEEIC o7, o, @REFRIR-TLZETYHAD NI Yy
a VOO FENTH N HERIZEN 2N oT20, WANWALERERESTLHTT, £A
R ETRBENANOZEERWVWETR, AFHEB TRICEHICKTTFINE L, TN T,
WA, IALSBBEWNWEZLET,

OWAXREK #MHFEL T, IWAFKKHATT,

B9 40 L T A Y BITEA TN T, HARGE Tl
TLZEFETRVOT, FIKBERLTVWET LA
LSBBEWLET, SEBIFELLEI LT DHD
L, 7—Y A7 — L7 A A K (large-scale assessment)
NI A, 72 PISA @ 2000 75 2012 FFETH S 9
—ESV RS THITLRTHIERERoToON, %
Le . PISA2015 D7 4 — )L RF A RNELSFETVWE L
DTEDOREREDLFFELET, FFIZZhiX, exr @B E
TA4HMNT TPISA DRENHY LA, PISADT 4 — /L F7 X MIEL Tk, PISA
WCHEEES L TWSHFUAMTHELM LR NI ETLEDOT, SN TRFELTLHI LT
T. FND D, PISA2015 OFT A v ORKENZRBE, ZiLd PISA Da > Ea—F— X
— AR« 7EAA b (computer based assessment) D Y > 7))L % HFEF,

AARDORKRFANRICEALTIE, BRI ETHDLoTETEY EHEADT, PISA DFz
RBABBEN O ARICFARE RIETHOEMAeDONEEZTHE LN, £3. RAHR
RoOTWVDPISAICELTIE, MEZRERALELTHAIELTWDIONERLMNITLI L,
ZFLT, avbta—F—  R=ZAF + TEAA LV MNIIoTERTHELLY LTS &
WH ok, EREREERC, ZBRFELEM (population) @ kL > K (trend) ZEF=#%—L K9
ELTWDZ L, ZOHIT, 2000 05 2015 FETRICREZHNTE TS L)
R EDORT, REARICLEZEBILRD2 VOB HDHOTIERWVNE BWET,




S—=URF—LT7ER Ak (large-scale assessment : LSA) & [

TV AT =T REARX MW DR, REEREIMEICL DM EBE XN
T ERBWETR, TRE2EMT 2 ERAHIL, BORRED O DT — X IZHESWI-fR
Wit 22 LT, BERMEOBU REFNTBRZERT L5 L TERI T, LA
FNET —FIZES W, HEA AR L AR HREM AN T H 2 L TF, L CHIEIC LA
TR bW X, 95—V RF— AT ERA L MIEAOREHORIEN BB TIZARWN
EwnwoHZkTd,

LIz oT, —VATF—LATEAAL FEW) LXIT, ETHRANCEZD Z &%, H
AN, FttEs— ok zsXz22arersryr—CtnolbboicinT 27U M AR
WL, BTS2 E VWS 2T, ZOK (AT A4 K 3) OF7 U MEAZE, WESHhT
ERADZ LRV ET, LT, MR BTy vy—0REICEBRLTWHWAEDN, £
BT TWDON, a7y =380 RIS ELIIRENRMENE LTHL DN
DZNERETHIEICRVET, THICL-T, 2V ET Uy —2 X0 EEICRTLEED
REBKROFEEZFBINTL2FHT L0 TT,

REARICELTCEZNE, ZOHOY 77 v —nE A2, RDVIZKFEARTHE
LEDELTWREBADADETN, ARMOGEITENTLETEZTEAA L MTHZ LICR
WET, TRUNDONY 7 7T T RERDEBIZONTITIEFEEAETEAA LTS
EEHVERFAL, TNIETHLIERTHARRZ LT, MADORENDZTEAA L NTHZEN
ARDOGHIIET—FEERZ L TTND,

LL, BURICBELTEZRD L XL, EARNY I T IOV RRHL00, flxiXE
It SRR E WAL (SES @ socioeconomic status) (Z&H DD, FARBBEEZ T2, FH
— 5 e (Native language) 1Zfif72y, A7z [EE (disability) 26 > TWDH D, £ b
ErEEDIEICESTEAREERDLIONEVSTZZ N, BEBZAOLNLTNDL LKL
EAET, TRV T IV EDLIREELFL, T LT, ZORENITE-T, #2
B, REZRERE LT, BI2IE, BIRIC E S O oo, fEFEELFE#K, SEF
# (Language Leaming), ZI22 5, EDO X HICHIIORWICERT 20 W\WolzZ ERFH
26N TWVWET, TTb, 59— VXX — AT EZRA LTI, BOEENICHEDS L&
AONDIEIERNTZT A OTRTCEHUT 2 LRRALNDZ LITRY ET,
PISA & [

PISA /&, EEMIZ—F LIS HON TV DH KRB R IA T3, PISA X 15 D ¥R
WO TWDHAEFEEZRRBICLT, HBENY T TV —, S, BEHY T 7 —KOEMEIC
B L TORMZRETHESILTWET, 2000 F205 3F T LI 202 FF TiThbTE Y,
IS 3ET LI, WIT20I15F, TLTI8ELFEEET,

PISA (X, 15 DOFF > TV DL HEPHAEEZ EEEDNASAWNWARGEH TENTZITIHEHN TE
HMERDEDTHST, MEOFRIV X 2T L2 ENTETEELTCWDEINERDLHOD
T EFHA, FEBICEBL TV DX, 29 W AEIFEICEHINTWDLEHZICR
VET, BETo k208G, MEOHM, KO, EoHO0SEFIERRHOPTERDS
EAENTNEEHEL TCOVET, LRI E5, Fo TV DML B2, FFo TV 2 mikCH #E
EES TN TEE20%EMLTND, THWVWI B HIZHE ST PISA FELNTWE
T



PISA ZMERZDATA R(AT7A K6 IZHVETELORTFA U THERINTHET,
7 7 AH— (cluster) E\WIH DX 30 HIFLETRIZECELHIREODHMOEY FTT, £k
NIRRT T — NGB FDO1HDORAL L OFD15DL DT TY,
JTAE— 1, JTAZ—2 & 60 mMITFTHIZEL, KEXRHDELT, TOHE, 60
DT T TR =3, VI7RAZ— 4 LiELEST, 2L T, Ny 7 I70 R, BEOE
il (Background Question : BQ) &H V0V £ L T, TOBRKAT, DO KAAL L DT EA AV
FPITONET MO FAAL LT HIZAITT 7 A4F vV T T — (financial literacy)
EWo R ) T T v —T1,

2015 4= PISA 7% 2000 /5 2012 FFE T L HARTH A ZEDL D L9 Rk, 2Emic=
YEa—2bT 5LV LT, FAnb, EEEOH D REEZME S THiEIOY A 7 v
MHDEE[MD ENH ZETT, LR (trend) OREETT R, o, HHLVEEY T
TFTU—MERIN, TNECMATH LT A N gBERFHAINRSZ &IV ET, DR
MNT, — /RO Z2NIE, BELERFEHER (stable trend) # R TV EWH Z & TH, 4
F T PISA TIToT&E7 2000 7005 2012 FFETOTHA T F VT ADHFETIE, b
Ly RIZoWTIE#EZE (error) WIRALTETWDLEWH ZERH LB T,

BED PISA DERE

FT. IO T TERTHET (RAT7A4 K9), T, 2000 F2>5 2006 412 22F Tae
EIDAaTNEDL b WEbolehE V) ZEAEBNIIRARLIE D TT N, FIZE-T
130 LA EZEE L TWD Z ERDNY 3, PISA O BT F¥IA 500 4 CHEME(R 7223 100
REWISHMTTNL, 6 FHT 30 REDLDHLEWVWIDIE, bOT I KREREDY L)
EWH ZENRFAET,

ZOTT7 (AT7A4 K 10) I, bI29EXRINTWVDOIRETT A E S, 2000 4 & 2009
EOFMHIO LY FE2RTHELDOTY, AL v 2k —/L K (threshold) &9 D,
FIEAICIEA T D RMMERN 062 L7205 PISA OSBICY 56D T, 2077 71,
2000 4F & 2009 B LAZTHBEICOWTAL y Y ak— AV RE7ay hLEZHEDOTT,
2000 5 2009 FOREZROD DI ZINLDT AT LIEZTHREELTWLZ LTk Y
FT, TOAL Yy Y aR =V RRRPRDVENHMLTVWDLIHEHARDD £, ZhiE»eb XK
TN LERATT, RELEbonbl ) Z IOV TIE, BIFEMhZVERWET,

WDT S 75 R TWEEEET, HREOLXLE NI ONH Y FT08, L 407 £,
480 mi, 553 . 626 A TGN TWT, TR E, U FEWH Z &T, HRAED L)L
FEL 1T, 1. 2.3 804 LBk THWET, ALy ak—/L ROHE
Lo TTAT 208y FEfEoT, ZOTAT L0y haflio THRAED L LR E
INIEDNDT 4 AT )T arEEoTVWET . FNTIDS I 7B EZ5Z LT,
25 % DT A T KA, 2000 D 2009 T T, BAEO LR Lo TS E NS
TR, ENTHLREB, 2000 £ 5 2009 FEXnT T, BRAEOLLOT 4 A7 Y
TrarvidEbo TWholzATT, TTHREL, LRXADOT 4 A7 YT v a AR
ZENZ > THRIRL TWLI DT TTNG, 20T AT L0y MIKRUIZREDOTT,

ZDOX IR OEBE X, 2000 F D 2012 FF TiE, %Mk (equating) DET L& >
TWDDITFTTN, A7 10T kiceliloRr—) 7% 1LFLT, ENTA I T
A TEEDTATLIDNGRA—=EDTF 4 AN Pa—tarkvyFLTE->TVE



T TDTOIT, T AT LAOMEN 2000 5 2009 FI2NTTEDLDL Z LiICh) £3, %
fbDFEE LTiE, ERMIZIE, SREORBNOGHIZE SN, ENE LT AT LNRT
A—=RIZHSL D, EHLONTESNWTITTORDZZ LRV ETR, HITT vy v aET 0
LD EEIWTIE, TATANTA—=F 2 HFIEPRUMBHORSLEEH>2L2bH0, Thr
Eo TR TVNELE, FIOWVNIZETTATLANRTA—FDENED > TWDHATT I,

TNEH OB ro il HIETRTHAES,

I (ATA KR 12) T RFRAAL T8I, Bl2 x5 (Math) & 22852 (Science) & 7>
wefi# 71 (Reading) (ZBH L T, 747A@£)‘(75>}:0)< BWEZELTWLINERE-bDOTT,
PISA Tl&, RAALA U NAAL e~ AT =12 b TWT, 2000 205 2012 4, 7 U —
VORI T T RBRASTWVWEDIEIAAL DT EAAY NERLIEZSOTT, 2000
FEFFRINNAAL T HFERRE~AT—DRAL L TLE, TN, #ifE1T 129
fdvE L, KD 2003 FIZIE~A T —IZEIS>T, D5 HO 285D . 2006 4 ¢ 28
T, ZNb6ZbEIZL TRy ROPREISNDZ LI £7, £ LT 2009 FI21% 131
M C9, 2000 £ 5 2009 £ TT, 28 ILL L, 30 RIS DW= EBHIYATT IR E L,
ZHIECMAZTH LT AT LN ANLIT 131 BIZZ > TWET, 2012 22 0 131 [
DHSHLDAMMNFES>T, EABRIATFT—RAAL L THEDATHET,

ZOLETE BT 129D 28I -T2 &, TRTOHBMIIOFDOT AT A,
BT 2= FIZE, TXFAMORE, B, 2407, flim, HiE, R A LT L
[f—DAT =L TEHY EFEANL  ENNREZRITEVIETHLLASTND DT TT A,
FOTATLODEL 7 arDE3NFTITEoT, EICEoTIET I A7 A KkEL
RHPITTT, o & T, Bl IXMARFEAE (random error) 72T TlE72 < T, KRR
7% (systematic error) 28 L2 ROHFIZA->TETCLEI Z IR D DITTT,

TN (ATAKR13) X2015FD7 4 — IV KT ANMNMEST=T AT L0 TT, 83, 98
M. 85 MEWo DX, MFLIHMNWEBFOIN LV RERDLTEODT AT L TT TN
Eb, HMLWEFOMBERIZ2BMTLE, ZhE22 77 TRATAHAET, 2O bWnED
STWVWAHATTR, 35D 12645301 <bVWDTAT ALY T —RAL DL X
Wi > TR Wb T,

ZTOWVNHZET, VU RERFTLZEDN, 7TEAA LV NOEERBEICLNNDD
T, KR eFR A (systematic error) 725 PISA D FIZIZ A TWH ERWET, Znrd £3
BTZzBHENWIZEHEWISEOT R =P NVLICEEZbITEEE L,

ORI BRBZHRATTIALE S BLATE, B 21X 2006 205 2012 FIThiT T, 7
Z 7 ON—OE S I RAE S (construct) 0)7J/\1/“—‘/\ bbb, WEDKGE 2D
RBESN RAAL L IZB W TENRETMES L TV DEINE NS ZEERLTBYVELT, 7
AT LOHICEEBRIETH N THVET, ZRR3I DO 11645001 <HWIR-S
TWET 1, 2009 4F & 20124, ZHiFHFTTITINRED,

LT AL, 20154, BIZIEAT Y — FAA L, ZHEFRZETTITFNLE S, 2018
L 2021 FIZIFIFEAET AT AEZERHEST, TN ELEA I & OHBRE OB E
5THiFTd, EWVWHZ i, THOKEIRLETAELHBREOKZRS LT, W%
L orninbng & 2015 b7 =220 Rif i oA T,
DFEY ., 2015 FDT—F L 2018 F, 2021 FOT —Z ZERFICHEST T2 LW Z L TT,



T AT LT A —=HF X, 2000 005 2012 D PISA, F 72 TIMMS & 2> PIAAC &>, L7
HIZ U 77 v —H—~A (literacy survey) o> TWIEATTITRE S, £ OERDORKER)
DT TATANTGA=RLWVWIDEFT I AT—TNLTT,

ZHonH T, &LBlx, LRIOT—2E2FE5THELTICH LW A7 LT 12T F
VAT 20%, FECT—FEERENT L2 LIIRVET, 50O LT, FLv
RIZBELTix, REVUAIOZDO XL ) RB2 HxE 2 cdh, ©72bb, EDT
RTCOT—FDOEFEREEXFATLHEVIZLETT, ZNICEST . T RTORAASL T LI
ODOREIZRELZENTE, FEHDODAL vy 2Rk — /L FOMEIZYA 7 LT L ICEDL
b EVWHI IRV ET, . BEOT—FEFHETHILLTEETOT, E
WRICOE>sThrLV Uy REE=X—THZNRTEHI EIZRY 7,

T, FEHEEMESEHOBMEEZE=F—FT22 b TEXET, 2012 FFF TIEA >~
B—FaF VT AT LNNTA—=ZDEy hBRHYVEL T, FEMEOHEMEMEELZEST
WBHELTCHELCTATLANRNTA=FZ2oTREOTF IV AEZ L TWcATT R, flxiX
TATANRTA=EARNEELEZOEHOT =2 5TV RITH, TOEEA ¥ —F
aFTNRTATEANRTA—HEFS>TRoTCWnELE, THILTHET &, KV A7
FUMESTEARNTA—FOHEATERLTNT, 5, HrLVY A 7L THRIESNT W
FIEMT—HTRHRLEFDDLDITTT,

FTHERFFIZ, ZOTHTA 2R ThrD EBWETR, 2015 FFO~ A F— A A
EWVNO DI, THOKITRV e nbIFTT A, TT2b, 2015 FO~V A F— KA
WL T, 2FEIZBWTITHBOEKIZK L THBREFE OB N D RBEL Z IR T
MWH, TAT ARG A= EHT L ENTERNVENW) Z IRV EST, ZZTES
THMNEVD L2000 D 2012 EETICH 72T — 220 ST LT, L s
A =B o THalizlED R TER2b2nE NS Z & T,

BED PISA T—32 DB

TN T ETL200FEND 0RFEETOT X2 —EohTsZ Ll LELE,
FEHENWT =2 &2 2 EDNHEBICHHIATTINE L, T—F_X—25{ED L & TiT,
— D= ODO/NERMEEZFR L TONRITNIERLRNVWEFE I ZENbo T, MR NK
ZZTT, 2000 F00 D 2012 FETOHNWT —FE2WH ZLITRVETH, 74745, A=
TV I LTOM A2 OREFHITFELHEE L THESTVEFADT, WANA L ETN
HLDLITFTT, TRTEDLEET L 193 TAOT—ZBFEoTWETNLL, Thaxdb Ll
LCHIOT—#% b9 —ERFoTET, AEEIA<BICABHEEL CWDLT —FX—2 %
E->THHrLE L,

Zh (R4 F17) 3EFOFTT TN E S, URIFEER I N7z PISA OFFFR L IFZIER L
FEERN, Ty aTT A EM o THBTE TWET, 2000 FE O 1T E (anomaly) T
HolmERLNTVWDHIDOTTN, ZITHLZEOREMPHTETWET, 20X RN
Bonizlns ZEiF, TR ANREMHIIHETEZ L) ZEnERBVWET,

FNEHLLIZLT, ATA R BICHDHEIIZ, WAWVWARET AL THHILTHE LT,

TovaETAEVNIDE, bELEETANRT 4y FLTWARWVWE XTI AZE
FAMND, 2T A—=F2FFT ) (2PL), ZN0H 2 NXNTA—HETNET vV 2TV E
NAT Yy RLEeET N, £, BEELEEEDA > % T 7 2 a3 (IBCI: item-by-country



interaction) # & E L7277 v 2aET/NE 2PL ZNNA TV RLEETALEDOEEEZ M
FLTAHT, &EMICIZ, IBCAAOET VERHALE L,

Ty vaEFETNNEN)DIERLCBEEEZ L SDHBEREZREL TWT, HE ORMEDEN
FMHEDNT A= 2 5 2 DRI OMEOE N, LIXLIE b ERENDEEHE T A
—HDHEN) T EIZRYET, 2PLIFBEEDRTA—=F LLED/NT A —FD DD
TA—REGLRET NV END Z LT £,

IBCI OflZ, AT A4 K 20 IZ/RLE L, ZHE PISA OHFITIEHY FHALTNE S,
ERET Vo TFHTEOT =Rl ES THTETHNELT, b LURATO LA~
270 varral W TRIUARIA=F 2o TnET L, ZLUFATHXORRIT AL
TAELDZ LR T,

ETNT 4y POMREL L CE, BRI AIC GRILIEH EHYE) & BIC (XA X1F
WEMNE) Z2HEVEL T, EICBIC ZFHALE L, 2L FRFICESMREZE (MD : Mean
Deviation) . Z #ViX, FEI0 0 OIZE & A OEREE (density) T THEOLZHDOT
9, RMSD (Root Mean Squared deviation) &, T % " LI bDEZES LT, TOFFHIR
EROIEZHLDOTT,

IhbaERET (RT7A4K822) & ETAT 4y MEIWLNZ, 7y 2FET/VE 2PL
ETNDNAT IV RLTELDTT AT A« H M) = A BZT7 T arkéD
WA ET AV TROEGENPESEHTWET, flxiE, BERNEARBEERRONE W
ST ZEEBIRT BN E > ThRlxIcHTE 7,

ATA R2FTRMSD #fio T, ZNN0ISLLEDT AT L« XA « B hY— - "4
AT NVDOMBEDLET, HFEERETE 1,500 L EOMAEDEOFEENH D AT
TN EL, FNERLE 549, 015 U LEH o r —AB 4T -oTEDELT, L
PIZETNT 4y NETTERLST, 74— a VOREIAERLENRD > TVE
T

ATAR25&2/DE, 2000 F-06 202 FETIET v yra®T E Mo TWE LA,
ENTZT T v v aETNVICEIAPHEABRE > TWINERETE, 43 %, 19 %, 14 %<5
WenH Z kT,

MAEHIIZIZ, PISA @ 5 MOFEZ S L ITRIEN 72T — 2 X—2A%EV LT, 7y
2FTNVEWRRT 2L EDNAT VY RTTAT LN, B ) — A BT T
GUVETAN—FLILS 74y FLELE, 300KV T I —0RBETFT—%I1X, +C
HH OGS HEG (IRT) 1ZHKSW2 T A= THEE L E LT,
TJ4—ILETRFOHHER

WIZ, 2015 D7 4 — NV RTANDTF IV ADEREZRLTHAET, O —EFVE
TR, ZOTH A E2HEB T D7D, £ PBA (paper-based assessment) 7> 5 CBA
(computer-based assessment) & E— REZE X L7, 74—/ KT A MR /N7 PISA
DAA U —_A TE7e T, VrF 7 A2A%F ¢ (linking study) (272> TW5 A TT 4,
b, AFETO PISA D7 4 — )V KT A MOMK LTI E 0 RIREREZRF-> TWET,

T4 —IVRT AL e TEHEAAL b « THALBFENTENIDEITHR>TWVWDLEATTS
nNEL, BEBIZ3 OOV —TZHITFT, 40— 1 EWVWIHIDIITPBAD KLU RT A
TAETEE->T, O T+ =21, 1056 6 TTOTr—HFTRFEHRFEE 1D



CWfE->TWVWET, TRERUMER 7+ —231 00536 £T, A Ea—FX—XT/
N—T 2o TWET, F—T3FTXTHLWVWT AT LTI,

FERELTARZTEEDOIR, HFEV T 7V —TlE, 77 AX—N4FRICHTE Rz L X
I 16 3<HNWTTELZLON, KPICHTELERT Y a VOLAICE 1976 43, 20 47
THWMPPSTVWAHATTR, ZHERECICTO hb—=v7% 550 bW\W Lk, £
AL TWAHATT TN EL ., R I iEzh3E (efficiency) 25 E23-> TW5H DO TiE
NN EFZE X TNET,

LrL, VARUVAPELSBRSTHIEEZEEREN TR TR DITTTR, £o50WH Tk
TEZRZRET L, EEDLLTITR > TWDL DI TY, 2015 FDO7 — /L T A h & A
FT (RTARF31) EHFIVTITV—DEEITIT 044 05 043 £T. 1 %&03 %< H
WIEZAENR TN > TVET, TH, THIE 2015 7200 TT 5, BID 2009 412 EZT
TR TWENERRWE R TERVWATTHA, TAE 5L, PBA 2ATTITNRE
H. 2009 FIZE 4 %00 8 <HLWVWETTFR-TWDLI DI TThR, Ehbaryta—%
NR—=2 2 L&D, BMEIIZOWNT, 2015 T 3 %% H TV 72D A 2009 4Tl 8 %%
HTWET, EFLHIT, CBA TIHLEHR LWV ORPE-TNDH LW Z & TT,

VARG AZALZEALT, BAMICHTAE L, BAMIAET L., ZhiTEN%
—HBTEHFMELIDD1ID3IDIH T TVWIATTITNREL, THLTAHAETTE, BED
WHDHNDIEI) VR ZNT TR TWETR, BADRWVWADIZI NRIL->TND,
TATHES>T, ZOZT 73RO Ly ROBMOEND L ZAR L ZZ A LD
B TTITREDL, 2ITHEHL2ETVHTL 2D, TXTOETEMBEORKMELE LT
AohdZ e, BT VEIEBRERATTINE S, ZRLEMOYE & FERICE)
WTWET, BROZ 72X —NTOMELEIIRVEBRHY THA, AE—FT AT
Nk nWH Z L TT i,

T AN, FICEENINSERICEELTNDT A ML, BIOEVWHRAE— RIZTE
ODIVICHTLBDZERILS BV ET, BNDITAEY—FTHHDEVHI Z LTI, L,
PIAAC OFT — 4 b ZH7ATT N EL, PISA DT — X I N EAY— R &KL TW
£7.

I (ART7A4 K 34) FHEFOMLYRTT, BMOVARY ZZ A LDONY)E % e
DED3IHZO1LETO3IND 1 LR H DT, RO 025 8 ML R EHE LV
ZNATTITNRESL, BIOZRWNTMEICEFRRLS BEALERUT XD REEHA L AR
VALT RO H D NIE, REOPNLMEICE L TEESKMEZ LT TR T ET,

WMEAHZD 3 TN —TFIEE I ELLTEELEDN, DMEVWEROLEE, HIC X > TERS%
BIF5EETIEHY FHATLE,

B F(EHEME (corder reliability) DL TT A, PISBAD 355D 1 < bW EIA—F v - 7=
AFarTENb, EOERZICOVWTHEEREFICIsTHRASINET, ZOFEEMEIZOV
THE=F—LTWVETITNRESL, RABBEMET LR Lo TT R, FHTH %4
~ 95 %< HWVEEWATT, L2rL, ElICXoTEFoEBVEGHY E3T L., EHIZ
KXoTEPRVEWEDOEHY T, b, AL —_A0& X ITITEFEEDO/KVH
BIZb) —E L —=VF LETZ LR T,

TN EEEDORTT N, 2L CBA DFHN PBA LV LKL o Tk L, #IC



< 7V TAX—DOFNEEEBNETLETOT, VARV AZ A LART —XOEDM EIC
HBERLTWDEWH Z e EEWVWET, LARUVZAHX A ATHEBDOMERLCEHDEW TILA
<, HEHORKERMELE FZADRENTEI EBINTWE L,

CBT & PBTDER

WIZ, PBA L CBADE— R 7 =7 Fa Il LTI LTHRET,

PISA IZREMRED KT A 7 VO BEEMENEERMEL SO F T, ZIEHTHREL
TR T, FMEREOMIRO ML VW) Z L b EhF T, TAT LN T A—FR
FCIZen W) 2 eid, MR EOMRICEBERH D EVWH ZLE2ERLET, Th
TERENWS LD, WBEORATF— L EZEL LV ERAEVWRHY £, Thbb, A
JNVEHOEBANRT A =2 %2ET 52 LT, HBEAIZEL T, PISA2000 7> 5 2012 @
WNRTA=FZELWISEDORN LY RERLLIHEHDNRTA—=ZRFELTHDL Z ENETRY T,
ZD%, FEMONRNTA—ZRELTHDLENI Z L, D%, PBA & CBA O 3@EEH
MAILTHDHENI ZEREEZHEBRL TN ZEIZRET, TNALICEALTIRT 2o
TR THFEL,

EFPRY (AT4 K 38) 1, HEV T T —IcoWT, RAUIET A7 o, KEITEZ

LoD TY, 0 MD (mean deviation) 2% 02 KV /hNEWE Z ATH, 7RiL MD 28 0.2
T Rk&Ewnwetzar, BEIVTFITI—IF 951 %7V —>TLliz, WTh b REOR#MERN
To& VW ERESNE LT,
AT A4 K39 1%, 2000 05 2012 FFETDOT AT LT A —2 5o T, 2015 40 PISA
DT A4 —NVKRTANDT —FERTHIEZLDOTT, BFEOHFLNWT AT LIZHONTIET A
TUANRTA=EZPREMTIEDY FEANLL, ZOFHLWT AT AL T EHoTT A7 LN
TA=BEELT, TNETXTOETENTZE T MD D0 E b DT, 98.1 %N
02U FOMD &78>TWE LT,

PBA & CBA OHEMMIZL I H Lo L HHETL T, 3 2O NV —T PNEAELITHT S
TWDHZENHBOERTTINEL, 2 (RT7A4 K 41) ZRAH5EDLND ERBNET
2, —% LD ®® CMC (complex multiple choice) (%, ZEEIROIEE TT 2, 2 B
MREFEND LN, BEOZBGERNIAR LBV, MEOY A FIZhrb b T HE AN
TA—=ZallF LTI, 220 WHHEEERH Y 7,

T (ATA R 42) 1T, MMENRTA—F b IZETLHILOTT, PLY RERDLTZDHD
TATATTITNRES, PBA & CBA, %V 77 v—, @i, RFEVTF7v—, T
TANTTZ ey FLEZLDOTT, 2R D EWHEMELZ S > TWE T, mWHHBME,
HENRTA—HF a, fLENTA—=X b OWNNTA—ZTRLNDEN) ZETT, ZOHK
RERFEFT L, E—F=2 727 NI, BEAERWVWEEZZTIWVWEREWES, TT6H, 75
~85 %< HLWVWDT AT LT, PBALCBAT, AIULTATLNRTA—ZEfioTHELEY
enNEWS Z LT ET,

PISA2015 O £ & 5% &t

PISA2000 75 2012 FIZTF T T AZ—08IT, £, vA4 T — KA A D& X
2203 <HbWVICRDIATTR, 5E,. ILLWTIFHF AU TIE6 TTND, ZDHIHL 4155
SHWVWDT TAZ—=DFEFIRICT AT ENT A= EM25, ZREL Y 2/BOHDOT A
T AT, FA—0DNRT XA =2 %EMH 22501 TTi,



FLWT VA B LT, SO EHEFIL, Mh~AF— KA TTHNREDL, £
NEH6 7 7AZ—%ffioTVWET, 77 ATy VT 7 —3RMNRY T —T
7T ALK =R 25T, WiARIREAER (CPS : collaborative problem solving) (X3 7 7 A %
— &V ET, BT 6+6T, FLUYRDE6ITTAX—LHLWVWG6I TAX—TT, =
nnH LT A T,

FEARBITIE 6,300 A, 150 DT 42 AT 66 7+ — L &E- T, LARNIE 13 7 4 — 4
TLEND, XR= R R =2 L X TE T+ —LOENEZI DL THLEHTE RN
ATTR, ZEaryEa—F_X—2ATEBINETNE, TXTOT RIAML—T3
YOTHA L E a2 — AN TRo TVET DL, 74 —20HNH 2 ChbHhE M
22T,

IZRE T V=R LTy, PRI R 77 A4 —HVET, TDO 127 T AX—D
AR = a Y FTIKELVWATT L, TREERIIATY Y a VTARAFT U ALT, £
NEMDORAAL L EDIFRENE AT U ALRTNIERLR2NTT NG, ZhaflioT,
IDOTVA v EBLEICLT.EITHEHLVWIZ TAX =T8T H, T T AZ—|T 4
EFoOMLET,

ZHIERLCZETTINEDL, ZAZEBEEZFIHLTEDLEET L, 66 X 6 D 396 7
F—LEEDLZEICRDATTR, TREHEICLT, bbb ERZEEZELHE MO 2
7 = A O HE (covariance) &, FALEEEHME S TWND 3 U A OHGHEE > THEOD
TV ET,

MEeEEs0oYy > JIILIER

B0 TV T AT A (ATA4 K52 ~5) X, 20LHRb0EffioTnEd, =
AUIPISA TELNTEH LWT A T ATTIINE S, 20T A7 MIEBRITITHENEE A,
2015 FDOT=OIZELNE L EL, ZTNEMKR., BT AT ATIEROVATT XL,
WWT AT ARATTIREL, TRERLEI RV A NI NOMDOT A4 T 208 H Y
FLEMLL, TNEMH-T, ZTHIEFEDRVWZ EICRDOELLE, TH, ZHEFETHLW
Bl BnET, YIa2b—2a DT AT LT, ATAX—5ERXDHILENTERY,
Vial—valraRTTLIENTERY LET,

ZHGBNAXOMELEENTVETN, HD20DORTA X —%fio TEREILT —F %
ED L VwocflE L HY 7, F/o, ZEBBIRCTIE R, BhrRkdsr4—7 = F
ORELEENTHT, ZRALIFEBICEa—F—2BREALET., Zhidarbva—2n
LB LT, Thab il Bl —H A AL Ca—F—ZEV DT Ed, a—F—D
V7947V T s bRIFICAET L, 2—F¥—DLba— &b T TRkl 7,

LT3, (F)



BERLE
OFlE EHrvbonetrTZnELE,

HLrolKHNRHY ETOT, MPFEEERORIEMRELVELLOEI>ZBFL
BZEEFWELETRWTERWEST, v~ 7 2BFELLET,

RNTL X 92, Tk, A 19,

ALy vaR—NVROTIZI7RHVELETNEL, ALy Yah— L REWVWIBEZS
EHARTEAVEbR T ARNWERBWETN, HEOEZEN 062 £2588L 05 2
LTI kA,

OWARK Z5TT, EnbARRK, ~RAZ VU TLnWs2 52825 L 08 LoD %E XL
<fEosTWELE, B THNLV NI T T v —%EoTWnELETNED, ZD L X213 0.8
o TWE L, ZHIEIMEEZ YA X — LI EIZIE 08 DNVNA LSRN E NS T
ETTR, 062 LEnHDiF, FAELTIHEEELEESATTIINE S, £4id OECD T
PeHi=Z & TTMD

OFIE 062 EWVNHIDEFALPLTDHEDL Lo EHRPEZANTHDT, £H0o Tk
FolzOmig L,

OWA 062 LWHDIE, —BFOL U IR ETHR, 22D ZATO5ICRDTA
TA%%LTméhfﬁi LRLVDOPDTXTCDOT AT L&, T A MEHEE2 - -
el e Wb XLHC, FREVUVCCHEKLEZ TWETILD

FDOLEIT, FNE 2000 FI2DOL 272D T, %hﬂ%@iio@ﬁofméh@¢m
PRbARIZ., bLEBLARXIALDTATLDOE Y "B EDLoT-RBITEBLLDT 1 X
7 V7 varyARLEZLIREZRATTIHNAE DL, AEL 2000 5 2012 FFETOU A
=V T B LTCTATLNRTA—F—RREVELENL, SERIZZOEEGELNLOT
A A VT a3 EZBRLSTHELATT,
OFlE MPVWEHBIEFERL LS F Yy vy FT7 v 7 TETVRVWATTIRESL, HTILWLT X
FMEFEET D X, EFICHBERBE NV OWET, 74—V RTAREEDTY T AH
—DRY YL oTEIEIMDEVIFITETEINTVDI LN DIE, ZhNbHTL
WT A MZRBETLLEEICREDLRS TIEIWITFRWATE R BWE L,

WIS TLE DD, HIADLLMMNITENETTL X I D,

TR L BARTE BV ET,
OLHK ESHEBORMNEFTOLE L HLET,
HLrob#HZzTWEEZEZVWDIZ, 5FEDO7 44—V T AMDEZIZR— =N —22D
bOLa L Ba—FObORMBLELLEN, Z2OLEICT 12, L TWDHEXITH
SEEIPREBNELEDE, a2 Ea—4HOIE) THE TR TRLD ERX——T
FHEEZRENDHLOT, BB TIHE RS TEBHICHDLIMETAERLETHS72D &,
ZOVoEMBEIX B CTENREHDI D TIERWNEWVWIBERDL oo ATT TN
Eb. EBRICHRHMICIE, TOXIRTATHEHTEELETL X 92,
OMARK HTEET L, FAIXEEFEOTATLATRICHTE TVWD 0L, il xRk
HELLXIC, Mo T NEIHERXEZ FTECORKKNTELIATTIREL, HfE
RE2ZT 4 X —TOLDDFH Lo LETHR, TAREZANVIITE TR
w2 EiEbonEBnET,



OLZWHER AERITY HARIZAARBEERXDOANNEFICH L hoTmATTR, 225610
HLEIZEST, SBEANICEDZENE NS DITHTETWET N,

OWARK HTExTWETH, BFICLARLVZDAE—RENn, LITHSEHICL > TIEX
E— FRMDE>THWET, FHORAE—=RELTENTZN 40 %<5, 30 %< 50
. BOWERD D AT,

PonhEs, BAD PISA D7 4 —/VRTANMNITE T T—aryiZBLTHhr-oEM

ERHoTzATT, thoE LT, BT DI, FALEMAD -

OZREK HFZEALYANRD-TD LTI,

OWARK 255, T broMERH-T-V LT, ThbefkEInE L)
nNEL, ZARIEDLZHTZT—DOHIZASTND & BWET,

OZWR BEENZESTLMEN, 230 Ea— X=X B LTLEICARYII——X
DIEREICHIN D D0l B o RBICE LA T A,

HONREITINFET,

O EJRAK HREKFOREBEETY,

FHIFEHEADNTA=ZREICE > TEI IR HD L, LWV T LITHA DOBH X 7,
EOETHETDOINCESTEVWRHDEWNWI ZEELEESATTN, ZhzRd7 LT
LA —VTEOKRNTELLEWVIDIE, E5VIHIRT Yy 7ICRDHATL LI D,
OWARK Iz, 5FT, 7TV T IV —8SRELED T, TRTRLLI TR
STEELETNRESL, HlZIE. RARH- T, 1 DORETRBNH D LBEL TR
WT, ZNT, TAT LI X THEEPAH TS D2 EWIHIKLETLE Y, EIZE-TiED
ERAHTL<ptnwH 2 Tdh, 5FTTHANV NI TTI—ICBHLTRIEEEZIZ, 95 %
SHWEA LV EF—F 2 aF AT AT LNRTA—=FZTEIL 74 bLTWNT, 5 %%
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Major Innovations in PISA
2015 and Beyond
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Purposes of LSA

» The primary reason for developing and
conducting large-scale assessment is to provide
empirically grounded interpretations upon which
to inform policy decisions. The appropriate role
for policy research is not to define policy; rather
it is to establish a body of evidence from which
informed judgments can be made. (Messick)

ht © 2011 Educational Test

N-Language

Rationale of LSA

[ Causal variables } -] Outcomes ‘

)4 Outcomes ‘

Employment

[ Causal variables }

disability

LL learning
Civic Participation
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What is PISA

* The OECD'’s Program for International Student
Assessment (PISA) is one of the most widely known
large scale surveys.

» PISA assesses sampled in-school 15-year-old students in
three core domains of Reading, Mathematics and
Science, and 30 min. of background questions (BQ).

» Assessment every three years since 2000.

» Participation has grown from 228,784 students from 43
countries in 2000 to 514,531 students from 32 countries
in 2012, and more in 2015

| ht © 2011 Educational

5

What PISA measures

« PISA measures what students have learned and been taught
and how well they can extend what they have learned and apply
that knowledge in new or unfamiliar settings, both in and outside
of school.

« The modern societies tend to reward individuals not for what
they know, but for what they can do with what they know.

« This focus on applications of skills instead of measuring the
acquired knowledge has been implemented and gaining
strength as seen in National Adult Liteacy Survey, NALS (1992),
International Adult Literacy Surveys, IALS (1994), Adult Literacy
and Life Skills Survey, ALL (2004), and most recently in
Programme for the International Assessment of Adult
Competences, PIAAC (2012).

[ —

General PISA Design

» Acluster is a set of items from one domain and
expected to take less than 30 minutes to respond by
most students. A set of items in a cluster is unique.

Cluster | Cluster | | Cluster | Cluster Other
1 2 3 4 Domain

a0 | 30 || 305 | 304 | aon || con
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Goals of PISA 2015

* Fully computer delivered

* Reliable trend information on Reading,
Mathematics, and Science

* Expanded construct of Science
* New domain: Collaborative Problem Solving
* Stable trend

Major Issues of Past PISA

7 - e 201 EducatonaiTest s | ropict . 2011 EcaionaiTest
Other Slgnlflcant Changes in PISA Thresholds of Trend Reading Items
Reading Literacy Scores Between 2000 and 2009 PISA
Reading Changes (2006-2000)
Better performance
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Conceptual Designs of Trend

Old PISA Design Concept New Design Concept

MAIOR

Comatruct
Coversge

Comtruct

Coverage

manar

2012

MAOR  mies meer | | MAOR  minor minor

2006

mines

2009

2015 2018 2021

» Width of bars represents the number of respondents per item.
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What do we gain?

* large linked databases
— Math, Reading, Science with 1.9 million students
— Financial Literacy with a set of 2012 countries

* Integrated (5-cycle) evidence on:
— For an item: Item functioning over time
— For a country: Item by country interactions over time
— Study improvement of model-data fit with all data
— Non-Rasch items are not (necessarily) bad items

ht © 2011 Educational Test
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What do we gain, again?

+ Linking of cycles 2015, 2018,...
— ‘historical’ databases can be amended
— Gives raise to a tool for studying longer term trends

— Allows country by item (rather than by cycle)
treatment

— Detect changes in item difficulty, by curriculum effects
of PISA, or ‘leakage’ of items into instruction

» Forward looking:
— Basis for comparisons of PBA and CBA assessment
— Stable parameters for concurrent linking of 2015 cycle

ht © 2011 Educational Testi
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Creating the Database

= The analysis used all available (published data)
= Funded under ETS research allocation
= Used existing public documentation & data

Student 228,784 276,165 398,750 515,958 514,531

Country 43 41 57 74 68

Total N: 1,934,188

ht © 2011 Educational Test
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Comparison to Published Data

Mathematics 2000 - 2012

m2000
%2003

©2006

42009
02012

Estimated Country Mean from Rescaling

300 650 700

Published Country Mean

I O —

Creating the Database:
More General IRT Models

e The data for math, reading, science, and financial literacy
were concurrently calibrated using more general IRT models

— Rasch/PCM Model (baseline), (2000-2012)
— 2PL/GPCM Model
— Rasch/2PL (PCM/GPCM) Hybrid
* (item slopes released for some items)
— Rasch/2PL (PCM/GPCM) IBCI
* (accounting for item-by-country interactions)

ght © 2011 Educational Testir
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Example of Item by Country Interaction

Rasch Model 2PL Model . .
Paraliel 10C Cronsemr BE1 o
“r._..: oy -
2 e J
g
» £ os | —
l o4 b |
o3 - —
= “[ ooy 1
[} -
PRLEPIIISRIFIILLPNS PR LIIPERPRRITEPERS ° 3 .M‘ 3 rm e 00
Irelemncy P Prose Proficiency
- Canada French -
— — Item Characteristic curve for Canada French
Item Characteristic curve for all other populations
19 | oo 1 © 2011 EducatonaiTest 20 | o © 201 EduatoniTest
Model Fit and Item Fit Evaluation Model Fit
«  Overall Model fit was evaluated using AIC and BIC | Scoing  Model  Math  Reading Science  Finlit
Rasch 26400730 30968125 29908518
* Item fit was evaluated using the Mean Deviation (MD) and the Root Mean 2PL
squared Deviation (RMSD) Omitis Wrong : 26118134 30675531 29585732
Hybrid 26175012 30691983 29591677
* MD and RMSD were calculated for all items in each country-language Hybrid IBCl 25946516 30472304 29302806
group
MD= I (P.(0)- P.(6))f (0)do Rasch 24170443 28198612 27918199
7 i e 2PL
* RMSD values greater than 0.2, and MD values greater than 0.2 or smaller Or:;;(:l;endot Hybrid 23952026111279665851 121676158
than -0.2, respecting the small sample size per country, were considered yort 23999181 27984532 27681378
as deviations Hybrid IBCl 23787968 27720962 27372668
RMSD = j'( P (6)- p‘(e)}: f(0)do BIC (Schwarz, 1978) reported in the table
21 1t © 2011 Educatoat 2 | ant © 2011 Educatonat
Improved Model Fit Improved Model Fit
1400
R T -8,
Math N 549 397 415 4 e \
(N=15,795)  pgrcent 3.48% 2.51% 2.63% 0.03% ?e \ = R
Reading N 1,233 960 962 250 £ w00 \
- H B
(N=18,603)  percent  6.63%  5.16% 517% 1.34% 2 o0
Science N 921 77 708 8 i \ X \\
(N=16223)  percent  568%  4.42%  4.36%  0.05% : \\\
200
Fin Lit \
(N=718) .
Rasch 2PL Hybrid HybrﬁBC\
‘ Note: Deviations defined as item*country*cycle RMSD greater than 0.15 | T Sesfeadng® SomScmcet So=rnin
23| contenustand oo, copyrine.© 2011 Ecucatona Tt srice Al s 2 S ——




Retained Rasch Iltems

7

Math 179 43%
Reading 223 42 19%
Science 133 19 14%
Financial Lit. 40 15 38%

Note: Rasch items (slope=1.0) retained under the Hybrid and Hybrid
IBCI models

ht © 2011 Educational Testi
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Summary

» Created a comprehensive database using all available
PISA items across the 5 cycles
» Compared to the Rasch model Hybrid IBCI model fits the
data best for all content domains
— A number of items were still retained as Rasch items
— Most items exhibit some item-by-country-by-cycle
interactions that can be accounted for by the Hybrid
IBCI model
» Created a database using Hybrid IBCI model containing
common item parameters across each of the three
domains that can be used to estimate trends with PISA
2015

26 | connonttons oo corin 2018 Etont T s A sres

Field Test Analysis

27 ht © 2011 Educational

Conceptual Designs of Trend

Old PISA Design Concept

MAIOR

mines minor

New Design Concept

MAIOR

Comatruct
Coverage

Comatruct
Coversge

2006 2009 2012 2015 2018 2021

» Width of bars represents the number of respondents per item.
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FT Assessment Design (CBA)

‘Sample=1950

(25 schools,
78 students)

P=023
N= 450

Group 1 - PBA Trend

Group 2 - CBA Trend Group 3 — CBA New
(Forms 01-18) GRS

(Forms 31-48) =

01-06

(S &M)

07-12

(M &R)

13-18
(R &S)

T s —

Response Time Decreases
by Cluster Position (min)

+ Students spent fair amount of time.
« Considering response accuracy was not affected by cluster
position, reduced response time may indicate response efficiency.

Mathematics 19.76 18.84 17.26 16.03 -3.72
Reading 2411 21.47 20.75 18.44 -5.67
Science 22.32 20.61 19.21 17.11 -5.21
CPS 22.67 21.26 20.96 18.79 -3.88
FL 19.49 14.49 -5.00

Note: Cluster response time is a sum of time spent on responding to every item.
The two FL clusters alternated positions.

30 | contettons ot Conin & 2011t Tastng S Al e




CBA Reduces Cluster Position
Effect

P+: Proportion correct averaged across countries

Cluster Level Response Time
by Proxy Skill Level (min)

Reading 0.575 0.580 0.566 0.544 -0.031
. Mathematics 15.17 18.97 20.92 5.65
Science 0.409 0.418 0.401 0.385 -0.024
Reading 18.97 22.60 23.64 4.67
Science 17.45 21.31 22.86 5.41
Mathematics 0.411 0.401 0.384 0.371 -0.040 Financial Literacy 15.76 19.97 22.11 6.35
2009 Reading 0.581 0.557 0.532 0.499 -0.083
Science 0.490 0.478 0.457 0.435 -0.055
31 | oo 7t© 2011 EducatoaiTes 32 | ropri e © 2011 EducatonaiTest
Mean Response Time by Item: Science Trend
e Average Response Time of
= Mathematics Items by Proxy Level
| =2 N
i s
A & LY
= NN
- A 1M A 5 o g \
—
o -
—
Data Quality: Summary
* Random student assignment worked well, but...
» High coder reliability overall, but... . . ars
. Advantage of CBA over PBA Establishing Comparability
— Fewer omitted responses Through IRT Scallng
— Reduced cluster position effect on P+
decline
— Response time improves data quality
* |tem response time is driven by item demands
and students’ ability not by country nor by
position
35| contaentitandroprctary. coprit © 201 Eucatons TesigService, Al i esre 36 | ropretany. Copright © 2011 Eduatonai Tt




Establishing Comparability Through
IRT Scaling - 1

* PISA 2015 needs to establish comparability across cycles, assessment
modes, and countries for trend items in the domains Science, Math,
Reading, and Financial Literacy; and comparability across countries for
new Science items and CPS

* The best way to achieve this is through building common scales
* This was done through a multi-step process requiring:

establishing comparability between historical PISA data (cycles from
2000-2012) and the PISA 2015 Field Trial in each domain for PBA

establishing comparability across countries in each domain for CBA

establishing comparability between modes of assessment (PBA,
CBA\) in each domain

Math Scale - PBA

Deviation Against 2000-12 Parameters

countries

Mathematics items

ion >0.2
D ion<0.2
Confidentialand Propicary. Copyright 2011 Eductional Testing Serviee Allish{ Ve i too small

97.8%

37 | o © 2011 EductonalTsting S 38 |
Science-new Scale - CBA
Deviation Across Countries Examining CBA/PBA consistency
countres with Field Test data
X | » The 3 student groups in the FT establish a basis for
2 i = | comparing CBA and PBA using randomly equivalent
% Z é | samples from the same student population(s)
2 =1k = | « Initial IRT modeling targeted the equivalency of item
8 =513 functions in PBA and CBA modes
Q
3 = | = . + Evaluation of item parameters based on international
= | comparability + graphical model checks
B o o8 1%
39 | oht © 2011 Educatonat rights[_LeaN i too small a0 | oht © 2011 Educatonat
Comparison of Slope Parameter Comparison of Difficulty Parameter
Estimates Across PBA and CBA Estimates Across PBA and CBA
” T 3 -
- —uo
~ 8 (Computen ! — 1% (Computer)
T::: —lmmum:ny 3 —— #% (Human)
é —— i1 (sMC) é 0 — % (smC)
2 | o 2011 EavtonaiTesting Srv 2 | o © 2011 Educationt Tesing e




Summary: IRT Modeling for linking
PBA and CBA scales

» Aseries of extended IRT models was estimated to
examine the high level of agreement seen in graphical
model checks

* The majority of items show strong measurement
invariance, while the remainder of items still shows a
weaker form of invariance

» Between PBA and CBA, we expect to see 75%-85%
common parameters across domains

+ This corresponds to roughly 4-5 of the 6 trend clusters, a
stronger link than in past cycles

ht © 2011 Educational Testi
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Cognitive Assessment Design
2015 PISA Main Study

ht © 2011 Educational e

Benefits and Features of Design

* Reduced systematic errors due to incomplete
coverage of the constructs by expanded construct
coverage across M-m-m cycles

* Three assessments (M-m-m) over 9 years can be
thought as a package instead of 3 independent trend
points

+ Allow to introduce sizeable changes through renewed
measurement constructs every 9 years

ht © 2011 Educational Testi
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Many Clusters for Each Domain

A cluster is a set of items from one domain and
expected to take less than 30 minutes to respond by
most students. A set of items in a cluster is unique.

* Reading has 6 clusters of trend items,

* Mathematics has 6 clusters of trend items,

* Financial Literacy has 2 clusters of trend items,
¢ CPS has 3 clusters of new items,

* Science has 6 clusters of trend items and 6 clusters of
new items.

ht © 2011 Educational Test
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MS CBA Design Detail

Le®s) 12 Forms
Science
Reading

Latks 12 Forms =
Science : : =S =
Mathematics 5

First hour Second hour

v

ssfsee

F=104

P=0.04 [PALIE 45 e
Science g

Mathematics
€BS]
P=0) 12 Forms

Science
Reading

[ 6 Forms =
Science g

66 Forms

MS CBA: 2 Domain Forms

Forms 31-42
2 Domains
Science
Reading
ey Form | Cluster1 | Cluster 2 | Cluster3 | Cluster 4

31 S] S R1 R2
32 S R2 R3
33 S S R3 R4
34 S S R4 RS
35 S] S RS R6ab
36 ] S R6ab R1
37 R1 R3 S S
38 R2 R4 S S
39 R3 RS S S
40 R4 R6ab S S|
41 R5 R1 S S]
42 R6ab R2 S S

ht © 2011 Educational Testi




Science Clusters Design1 Science Clusters Design2
Trend (S1-S6) & New (S7-S12) Both New (S7-512) Both Trend (S1-S6)
SCIENCE CBA cluster pairs Pairs | 1st 2nd Pairs | 1st | 2nd Pairs | 1st | 2nd
‘ Second Cluster 1 S1 S7 19 s7 S8 34 52 S4
silsa[s3]salss[se[s7]ss[so[s10]s1s1al 2 | s1 | sw0 20 | s7 | so 35 | s5 | st
51 i 2 Trend Clusters: 3 s2 | s 21 | s7 | su 36 | s6 | s3
52 34 3 51-S6 4 s3 | s9 22 | s8 | si0
S3 4 5 5 s3 | s12 23 | s8 | s12
g [s4 6 7 6 s4 s7 24 | s9 | s8
E S5 |35 8 New Clusters: 7 s4 510 25 | s9 | su1
7 56 36 9 | S7-S12 s | ss | su 26 | s10 | s7
= |s7 10 19 | 20 21 ° S6 | s12 27 | S10 | S9
ss8 |11 12 22 23 0 | 57 | s 28 | s10 | s12
S9 13 14 24 25 11 S8 S1 29 S11 S8
s10 15 26 27 28 12 s8 s5 30 | su | s10
1B | s9 | s 31 | s12 | s7
:i; ° 5 18 31 - 2 - 33 14 | s | s 32 | s12 | so
Itcluster 2 2 2 2 2 2 4 4 4 4 4 4 15 SR S3 33 |s12 | s1
dcluster 2 2 2 2 2 2 4 4 4 4 4 4 16 EENN S2
7 | su | s
total 4 4 4 4 4 4 8 8 8 8 8 8
18 S12 S5
49 | comecnaans ooy, cprn: o 201 st Testing s A s s s | 0 et ST
Science Clusters Selection
Form Random number
1 2 3 4 5 6
31 1 13 6 9 22 25
32 2 16 12 10 31 32 H
s T s T 10 2 2 Sample Science Items
34 35 4 7 19 23 30
35 34 15 8 20 24 28
36 36 3 18 21 27 33
37 35 4 7 19 23 30
38 34 15 8 20 24 28
39 36 3 18 21 27 33
40 1 13 6 9 22 25
41 2 16 12 10 31 32
42 11 5 17 14 26 29
1-18: Trend & New Clusters
19-33: Both New Clusters
34-36: Both Trend Clusters
51| e 201 s 52 | S
PISA 2015 pisazoi5 | HEENEN W
perrEr
[+ (e

TORRERAT, IR URF AP TUER,

BEHTERDT )~ FETTHRN 2 5
ENTA-0L RROREMISIEINERSISEEN
LTI (C0) EERTESIEERLTLET. N
AT IR o

BO2AH. BERTLTETT. Bl OINE AN
ERTET. REMOSHEINIAS (MAOFED SFR
ITRNAS, MDA FRSSANEL TVEET(HRD
e,

HENIITA 3~
I ERDEN

Al =L AR etk
TIRET.

53

TIZ. ML
TREE ST SO

DR FHAE. LITOSMTED

t COMEERTTLA Y-SR LT,

AN @ OO Emie  DRARACD

2 ROWIEITTESS S —EMoLET.

A SEDDHDWS WIE R AT, FaDm
EEWLET,

A MR T, F=- M SRS
SNLOEELD. 2T,

OB {ppmd

mama

I COBMIZ 10T AT (ppm) MO THTLET. R

T

0 300 400 6D BO3 1030

BHFOREDI LN COMFaNaETLT
LET.

54




[V via—vavomivsa

Aal—La B, LTOMRE T TF -8
EROTIN ), TOMOOFLE=D0L, 0
HEHEANL TR,

(BRI MRS

o 40w
WS ERNTHIIRSEWTT. LG, vis
L=l AZE B, HOWFE00NT LR BT T
WAL CEBUET  ROREDCo; BEI. D5

W @O0 BRies)

COy Mmipemt

PISA 2015

[ sl el aRIT A i
Lrial—Lal RN, LITOWE BT -2

EROTIEN, TOM DTS~ LTS

L

e 1o00
ATWIN2NORE, WO NEFSCOMEON

1ZH. ST NIRRT b, EOMEETTY

STETLHSRMATUIEN,

Omemara

BENTTI CORM g

. pm
T

0.ppm - =
noms N
bl o o s 1 i %
o 400 ppm H \
500 ppm
© 800 pom come comm
£ 000 ppm
STERIHT AT GG AT, E 7 ;
CORE CORE
55 56

(BRLS) MEA T

20 4 400 e
CO; MR ppr)

W @ COERGe  ORORID

L]

0 B Cpprd
© 200 00 800 809 000

LT

=i T LT

L=l R, TSR TF -2
EROTREN, TOM DFLLULF - 5E BOF
ESRA TERL

(B

o @0 (]
0 Mg
LA Rt

TOEPTRATARL LD,

HYTEET 2GS, COMREILTLERTIS

LEal=ton BRI, LIFONERITF =5
EMOTOE L TOM OFLEINF Tz g~
SAU. FLERATEF - PERDPHSMATES
L] o0 (3N

COZMEY'B00 poml 2, ROWILIET LB E
Wil YR I,

[=LLL T

SERIMILRTE,

HIDEUNITRELEEAT 2F 08 BOP
oo TR,

COp IO pomT L. HONSHATIIES
OREIRT WATUI - ENERON
S MATCERL - ICETRETH A0
B BOENAAT WATIR .

HELERIPIEF — 5. BOSHSATRATERS
L

57

58

(BRIZ) ARINIE

LSRR EH LT s E LB

o LAl Lk
momAIN H_E_‘.L_‘L

.

ST T ol — L R IR R A,
FORLOFLEADL TR,

RS, M ERT SRR AP LD
e, TR I E 0 Lal L HRCTT .
W2, FOLP LIS RO ENEEL, r2al—
LA TR E RN A EI LIRS O
Lz,

£ I trpes
AW @ O, e
IO DEEN L e E A SN LINE, 20N

TR,
T

59

DASEHY

Questions and Discussion

right © 2011 Educational Testing Servi




Major innovations in PISA 2015 and beyond

Kentaro Yamamoto
ETS
November, 2014

Introduction

The OECD Program for International Student Assessment (PISA) is one of the most widely
known large scale surveys on three of the main academic subject domain skills and background questions
of secondary school students across many countries in the world. PISA assesses statistically sampled 15-
year-old students who attend schools in participating countries in three core domains of Reading,
Mathematics and Science every three years since 2000. Participation has grown from 228,784 students
from 43 countries in 2000 to 514,531 students from 68 countries in 2012.

Over the years, important innovations in terms of both assessment domains and mode of delivery
have been introduced. Through the inclusion of innovative assessment domains, PISA has sought to
broaden the range of knowledge and skills measured in this international assessment of 15-year-old
students. These innovative domains have included assessments of problem-solving competences in 2003
and 2012, and of non-cognitive dispositions such as self-assessments of learning strategies in 2000 and
attitudes toward science in 2006. Beginning in 2006, in recognition of the expanding role of technology in
educational systems, the workplace, and everyday life, innovative computer-based modules have been
included in each cycle of PISA. These included the Computer-Based Assessment of Student Skills in
Science in 2006 and the PISA 2009 Electronic Reading Assessment. In 2012, computer-based
assessments were administered for Reading, Mathematics, and Problem Solving. In each cycle, computer-
based modules were optional, but the number of countries participating in these options increased steadily
over the years.

PISA examines not only what they have learned and been taught but also examines how well they
can extrapolate from what they have learned and apply that knowledge in new or unfamiliar settings, both
in and outside of school. This approach reflects the fact that modern societies tend to reward individuals
not for what they know, but for what they can do with what they know. This notion of assessment of
successful applications of skills instead of measuring the acquired knowledge has been implemented and
gaining strength as seen in National Adult Liteacy Survey (NALS) in 1992, International Adult Literacy
Surveys (IALS) in 1994, Adult Literacy and Life Skills Survey (ALL) in 2004, and most recently in
Programme for the International Assessment of Adult Competences (PIAAC) in 2012.

Historical PISA (2000-2012)

In each cycle, one domain is identified as the major domain while the other two are treated as
minor domains. This distinction is important because the amount of time allotted for the measurement of
each domain is standardized for each participating school and student, as is the number of students who
are sampled. This means that the total volume of data that is collected in each cycle is determined by the
number of assessment items and the number of students who respond to each item.

PISA emphasized the major domain in each cycle at the expense of the volume of data collected
in each of the minor domains. This was done primarily by reducing the number of items or the
representation of constructs in each of the minor domains. Often, the number of items for the minor
domains was reduced by a factor of 3 or 4, while maintaining a sufficient sample size per item. This
choice was, among other things, based on the operational consideration of limiting the number of booklets
in a paper[Jbased assessment. In addition, it enabled the estimation of item parameters without



the need of borrowing or carrying over item parameter information from previous cycles.

The reduction of the number of items from nearly 130 for a major domain to about 30 or 40 for
minor domains brings with it the potential for introducing systematic errors because items are neither
deleted nor selected at random and the presence of item[ by [Jcountry interactions is more pronounced in
smaller item samples. In addition, one can argue that even if the “best possible” items are selected, a
reduction in the number of items used in a given cycle by a factor of 3 or 4 will reduce the content
coverage of practically every assessment of student skills. This item reduction approach may have
introduced unintended bias due to poorer representation of the construct compared to the major domain
assessment. While such effects can be ignored if there are no itemJby[Jcountry interactions within a
domain in terms of bias, a recent article by Gebhardt & Adams (2007) as well as recent chapters by
Urbach (2012) and Carstensen (2012), point out that these effects are more salient in some countries.

PISA, like many large scale surveys, used a BIB spiral design in order to reduce respondent’s
burden while using relatively large number of items to represent the measurement construct as thoroughly
as possible, i.e., a student received a subset of items instead of all items in the item pool. Following table
below shows the booklet design for 2003 PISA when Mathematics was the major domain, Reading and
science were the minor domains and problem solving was the innovative domain. Every cluster was
balanced in terms of position distributed among 4 out of 13 unique booklets.

Table 1: 2003 PISA Booklet Design

Booklet Clusterl Cluster2 Cluster3 Cluster4
1 M1 M2 M4 R1
2 M2 M3 M5 R2
3 M3 M4 M6 PS1
4 M4 MS M7 PS2
5 M5 M6 S1 M1
6 M6 M7 S2 M2
7 M7 S1 R1 M3
8 S1 S2 R2 M4
9 S2 R1 PS1 M5

10 R1 R2 PS2 M6
11 R2 PS1 M1 M7
12 PS1 PS2 M2 S1
13 PS2 M1 M3 S2

IRT model has been used for all past PISA surveys using random samples of 500 students from
each of participating countries, i.e., about 150 students per item per country, thus it is too small to detect
item by country interaction. Item by country interaction was assumed non-existent and a single model
item calibration was carried out.

Every cycle, similar item calibration was carried out based on the data collected in one cycle
without using data from other previous cycles. In order to evaluate trend on the comparable scale, scale
equating was carried out by matching the distributions of item parameters. Since Rasch models was used
in the past, i.e., an additive constant was used to match means of location parameters from multiple cycles.
This resulted in the trend items administered in multiple cycles having different item parameters for each
cycle.



2015 PISA conceptual design: Major minor distinction reduced

Any assessment must contend with two types of errors — random and systematic. Random errors
do not result in bias but do increase uncertainty and, therefore, the precision of results. Systematic errors,
on the other hand, introduce bias especially in the measurement of trends, and are less desirable because
their direction is unknown and not easily quantified or controlled for by statistical means. All large-scale
surveys, including PISA, struggle with these two sources of error and aim to control them by optimising
the assessment design, as well as sample size, sampling methods, and other contributing factors. An
increase in random errors will reduce the ability to detect differences among groups of interest and can
typically be offset by increasing sample size. However, an increase in systematic errors not only reduces
the ability to detect differences, but also may lead to the attribution of false differences; i.e., differences
that are considered significant, even though the true differences are negligible, or even zero. Because of
the possibility of introducing bias, a reduction in systematic errors is generally preferable over a reduction
of random error components.

Figure 1 below provides a graphic representation of the relative difference in construct coverage
between the major and minor domains as implemented from 2000-2012. The vertical height of each bar
represents the proportion of items measured in each assessment cycle by domain, while the width conveys
the relative number of students who respond to each item within each domain. The reduced height of the
bars for the minor domains is intended to represent the reduction of items in that domain and therefore the
degree to which construct coverage has been reduced.

Figure 1. Comparison of Construct Coverage in the 2000-2012 PISA Design by Major and Minor
Domains

Construct
Coverage

MAIJOR minor minor

ETS proposed a new approach to measuring trends for PISA 2015 and believes it should be
continued for 2018 and beyond. The design stabilizes the trend through reducing potential bias by
including all (or almost all) of the items in each minor domain while reducing the number of students
responding to each item. This strategy also keeps the volume of data the same for each cycle and
increases the construct coverage for the minor domains, while reducing the number of students
responding to each item. The result is that the construct representation for each minor domain is at a level
comparable to the major domain cycle. More importantly, this approach reduces the potential for bias
introduced due to item[1by[]country interactions and the switch from major to minor domains in the
current design. The result both stabilizes and improves the measurement of trend.

The approach adopted in 2015 is represented graphically in Figure 2 below. As represented by the
vertical bars, the construct coverage for the minor domain is comparable to the major domain design, at
the expense of reducing the number of students who respond to each of the minor domain trend items.



This reduction of student responses per minor trend item is represented in the figure by the narrowing of
the bars for the two minor domains.

Figure 2. Approach Used to Balance Major/Minor Domains in 2015 and Beyond
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Under this approach for measuring trends, each domain goes through a “domain rotation” or a
ninelJyear period that begins with a new or revised framework and continues with the two subsequent
cycles in which it is a minor domain. As an example, for Reading Literacy, one domain rotation would be
2009, 2012, and 2015 and another will become 2018, 2021, and 2024 moving forward. Thinking about
the assessment design in terms of this domain rotation clarifies the specific function of each cycle within
that nine[Jyear period and the importance of the construct. Over a domain rotation, each major and minor
cycle serves a specific function in terms of its contribution to the measurement of trend. Information
about item functioning is carried across each domain rotation, with the choice of which items to carry
forward being based on the most accurate item parameter estimation (occurring when a construct is
measured as a major domain). The set of items that are carried forward in the rotation represents the
construct. In this way, the notion of trend is defined both by the coverage of the construct and by the
statistical methodology employed.

Main Study Assessment Design

The Main Study assessment design for PISA 2015 covers the domains of reading, mathematical
and scientific literacy as computer-based and paper-based designs with the computer-based design adding
the fourth domain of collaborative problem solving. A computer-based design for countries opting out of
the assessment of Collaborative Problem Solving is described as part of the next section. These designs
require participating countries to sample a minimum of 150 schools representing their national population
of 15-year-old students. Countries taking the computer-based assessment will need to sample 42 students
from each of 150 schools for a total sample of 6,300 students while countries taking the paper-based
assessment will need to sample 35 students from each of 150 schools for a total sample of 5,250. It is
important to understand that 88% to 92% of students will receive a form that consists of four 30-minute
clusters (or sets of tasks) assembled from two domains, resulting in one hour of assessment time per
domain, with a total of two hours of testing time per student. An additional 8% to 12% of students will
receive forms that consist of four 30-minute clusters covering three of the four core domains. Scientific
Literacy is included in each of these forms.



Main Study CBA Assessment Design

This design includes six intact clusters from each of the trend domains of Scientific, Reading and
Mathematical Literacy based to the extent possible on the assessment cycle when each was the major
domain — 2006 for Scientific Literacy, 2009 for Reading Literacy and 2012 for Mathematical Literacy.
Additionally, it also includes six clusters of new Scientific Literacy and 3 clusters of Collaborative
Problem Solving materials based on the new 2015 Frameworks. The six intact clusters will provide trend
information for Mathematical and Reading Literacy. The six intact clusters of Scientific Literacy tasks
will carry not only the trend information but also link to the new items developed to reflect the 2015
framework — this was done as part of the Field Trial analysis, including the mode study. In addition, three
clusters of CPS items will be assembled for the Main Study. These materials will be organized according
to the scheme shown in Figure 3 below (Forms 31-96).

Figure 3. Main Study Computer-Based Assessment Design
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As reflected in Figure 3, there are 30 different test forms that combine two of the four domains —
88 percent of students receive one of these forms. These combinations include: i) Scientific and Reading
Literacy (Forms 31-42), ii) Scientific and Mathematical Literacy (Forms 43-54), and iii) Scientific
Literacy and Collaborative Problem Solving (Forms 91-96). In these test forms, students take one hour of
Scientific Literacy (one cluster each of trend and new science) plus one hour of a another domain —
Reading, Mathematical Literacy or Collaborative Problem Solving. These 30 test forms provide strong
pairwise covariance information between Scientific Literacy and each of the three other domains.

In addition, there are 36 additional forms providing covariance information about three of the
four domains. 12 percent of students receive one of these forms. In these forms, students receive one
hour of Scientific Literacy plus two 30-minute clusters of items from each of the other three domains.
These combinations are: iv) Scientific, Reading and Mathematical Literacy (Forms 55-66); v) Scientific
and Mathematical Literacy and Collaborative Problem Solving (Forms 67-78), vi) Scientific and Reading
Literacy and Collaborative Problem Solving (Forms 79-90). It is important to note that these three-
domain test forms will ensure that all covariance estimates among the four domains are indeed based on
the joint assessment of the domains.

As Scientific Literacy is the major domain for 2015, it is paired with one or two of the other three
domains, and each of the different combinations of domains is balanced in terms of position to provide
important covariance information. The design also reflects the fact that the random assignment of a form
within a school follows a specific probability. According to this design, 33% of students within each
school will be assigned to one of 12 Scientific and Reading Literacy test forms. Another 33% will be
assigned to one of 12 Scientific and Mathematical Literacy test forms. In addition, some 22% of the
sampled students within each school will be assigned to one of the 12 Scientific Literacy and CPS test
forms. To provide additional covariance information, 4% percent of students will be assigned to one of
12 Scientific Literacy, Mathematical Literacy and CPS test forms; 4% to one of 12 Scientific Literacy,
Reading Literacy and CPS test forms; and 4% to one of 12 Reading, Mathematical, and Scientific
Literacy test forms'.

The rotation of clusters — which identifies the form to be received by the respondent — will occur
in a multi-step process that will take place when students are sampled.

STEP 1: Assignment of the base test form

The first step will be the assignment of base test forms. This assignment will be based on the 2-
digit random number identified as “CC”. This number will range from 31-96 and is directly linked to a
specific base test form that is shown in Figure 4. These base test forms are useful in identifying the actual
location and clusters for Math and Reading but only identify the location of Science clusters (i.e., which
Science clusters are not yet assigned; these are only identified as “S”). The probability of assignment of
each form type is also shown in column “Probability”” and varies from 33% to 4% according to the
combination of domains.

!'These percentages are based on random assignment of test forms to students across schools. Each student in each classroom has a teal probability of
receiving any of the forms.



Figure 4. Main Study Computer-Based Assessment Base Test Forms

Probability| Base [ Cluster | Cluster | Cluster | Cluster Probability| Base |Cluster | Cluster [ Cluster | Cluster
of Test 1 2 3 4 of Test 1 2 3 4
assignment| Forms assignment| Forms
31 S S R1 R2 67 S S Cl M1
32 S S R2 R3 68 S S M2 C2
33 S S R3 R4 69 S S C3 M3
34 S S R4 RS 70 S S M4 C3
33% 35 S S RS R6ab 4% 71 S S C2 M5
36 S S R6ab R1 72 S S Mébab Cl
37 R1 R3 S S 73 Ml C2 S S
38 R2 R4 S S 74 C3 M2 S S
39 R3 RS S S 75 M3 Cl S S
40 R4 R6ab S S 76 Cl M4 S S
41 RS R1 S S 77 MS5 C3 S S
42 R6ab R2 S S 78 C2 | M6ab S S
43 S S M1 M2 79 S S R1 Cl
44 S S M2 M3 80 S S C2 R2
45 S S M3 M4 81 S S R3 C3
46 S S M4 M5 82 S S C3 R4
33% 47 S S M5 | Mé6ab 4% 83 S S RS C2
48 S S Mé6ab | Ml 84 S S Cl R6ab
49 M1 M3 S S 85 C2 R1 S S
50 M2 M4 S S 86 R2 C3 S S
51 M3 M5 S S 87 Cl R3 S S
52 M4 Mo6ab S S 88 R4 Cl S S
53 M5 M1 S S 89 C3 RS S S
54 Mo6ab M2 S S 90 R6ab C2 S S
55 S S Ml R1 91 S S Cl C2
56 S S R2 M2 2% 92 S S C2 C3
57 S S M3 R3 ’ 93 S S C3 Cl
58 S S R4 M4 94 C2 Cl S S
4% 59 S S MS5 RS 95 C3 C2 S S
60 S S R6ab | M6ab 96 Cl C3 S S
61 R1 M1 S S
62 M2 R2 S S
63 R3 M3 S S
64 M4 R4 S S
65 R5 M5 S S
66 Mobab | Roéab S S
Where:

e RI-R6 represent Reading clusters in computer (Trend)

M1-M6 represent Math clusters in computer (Trend)

S represents Science clusters in computer (Trend and New)
C1-C3 represent Collaborative Problem Solving clusters in computer (New)
a represents standard clusters and b represents easier clusters




STEP 2: Assignment of science cluster pairs

The second step will be the assignment of science clusters. This assignment will be based on the
1-digit random number , “S”. This number will range from 1-6, will be uniformly distributed, and will be
used in combination with the base form (e.g., selected by the first 2-digit random number) to identify
which combination of Science clusters a student will receive. Figure 5 shows the lookup table where the
31-96 base forms are identified by the rows and the 1-6 lookup numbers are identified by the columns.
The combination of these two numbers will identify which of the 36 possible combinations of science
clusters will be inserted into the assigned base test form.

Figure 5. Lookup Table for Random Number “S”

Base Random number (S) Base Random number (S)

Form Form

(CO) 1 2 3 4 5 6 (CO) 1 2 3 4 5 6
31 1 13 6 9 22 25 64 1 13 6 9 22 25
32 2 16 2 10 31 32 65 2 16 12 10 31 32
33 11 5 7 14 26 29 66 11 5 17 14 26 29
34 35 4 7 19 23 30 67 1 13 6 9 22 25
35 34 15 8 20 24 28 68 2 16 12 10 31 32
36 3 36 18 21 27 33 69 11 5 17 14 26 29
37 35 4 7 19 23 30 70 35 4 7 19 23 30
38 34 15 8 20 24 28 71 34 15 8 20 24 28
39 3 36 18 21 27 33 72 3 36 18 21 27 33
40 1 13 6 9 22 25 73 35 4 7 19 23 30
41 2 16 12 10 31 32 74 34 15 8 20 24 28
42 11 5 17 14 26 29 75 3 36 18 21 27 33
43 1 13 6 9 22 25 76 1 13 6 9 22 25
44 2 16 12 10 31 32 77 2 16 12 10 31 32
45 11 5 17 14 26 29 78 11 5 17 14 26 29
46 35 4 7 19 23 30 79 1 13 6 9 22 25
47 34 15 8 20 24 28 80 2 16 12 10 31 32
48 3 36 18 21 27 33 81 11 5 17 14 26 29
49 35 4 7 19 23 30 82 35 4 7 19 23 30
50 34 15 8 20 24 28 83 34 15 8 20 24 28
51 3 36 18 21 27 33 84 3 36 18 21 27 33
52 1 13 6 9 22 25 85 35 4 7 19 23 30
53 2 16 12 10 31 32 86 34 15 8 20 24 28
54 11 5 17 14 26 29 87 3 36 18 21 27 33
55 1 13 6 9 22 25 88 1 13 6 9 22 25
56 2 16 12 10 31 32 89 2 16 12 10 31 32
57 11 5 17 14 26 29 90 11 5 17 14 26 29
58 35 4 7 19 23 30 91 1 13 6 9 22 25
59 34 15 8 20 24 28 92 2 16 12 10 31 32
60 3 36 18 21 27 33 93 11 5 17 14 26 29
61 35 4 7 19 23 30 94 35 4 7 19 23 30
62 34 15 8 20 24 28 95 34 15 8 20 24 28
63 3 36 18 21 27 33 96 3 36 18 21 27 33

Using the two random numbers, base test form identified by the 2-digit number as rows and the 1-
digit random number as columns, Figure 6 shows the 36 possible Science Clusters combination (e.g.,
rotation of Science clusters S1 to S12) that will be inserted into the selected base test form.




Figure 6. Main Study Computer-Based Assessment Assignment of Science Cluster Pairs

Science Cluster Science Cluster Combination
Combination

N S S N S S

1 S1 S7 19 S7 S8
2 S1 S10 20 S7 S9
3 S2 S8 21 S7 S11
4 S3 S9 22 S8 S10
5 S3 S12 23 S8 S12
6 S4 S7 24 S9 S8
7 S4 S10 25 S9 S11
8 S5 S11 26 S10 S7
9 S6 S12 27 S10 S9
10 S7 S6 28 S10 S12
11 S8 S1 29 S11 S8
12 S8 S5 30 S11 S10
13 S9 S2 31 S12 S7
14 S9 S6 32 S12 S9
15 S10 S3 33 S12 S11
16 S11 S2 34 S2 S4
17 S11 S4 35 S5 S1

18 S12 S5 36 S6 S3

Coding of open ended questions

Throughout all large-scale assessments, the essential activities associated with maintaining
scoring consistency are the same. Typically, the required procedure to monitor scoring reliability is to
have a portion of the items double scored (i.e., scored independently by two different scorers), and then
compare the resulting scores to measure agreement.

The goals of such procedures are to ensure the accuracy and reliability of scoring within countries
and identify scoring inconsistencies or problems early in the process so that interventions can be applied
and problems resolved as soon as possible. In general, inconsistencies or problems arise because scorers
misunderstand general scoring guidelines and/or a specific rule relating to a particular item. Double
scoring yields a reliability measure that represents the extent to which two scorers agree on how a
particular response should be scored, and thus demonstrates how comparably the scoring guideline is
being interpreted and applied. The goal in PISA is to reach a within-country inter-rater reliability of 0.92
(92% agreement) across all items, with at least 85% agreement for each item.

When discrepancies among scorers occur, experience has shown that they fall into two distinct
classes.

» The first type of discrepancy reveals a consistent bias on the part of one scorer — for example,

Scorer 1 may be consistently scoring more leniently than other scorers. To detect and address

such discrepancies, countries are required to monitor reliability at key points during the scoring

process so that problematic scorers can be retrained or, if necessary, dismissed.

* The second type of scoring problem that can be revealed through analysis of the rescoring

process is more challenging to address. This occurs when the scoring results reveal general

inconsistencies between the scorers, with no pattern that can be attributed to one scorer or the
other. This is relatively rare, but when it occurs it is generally the result of a problem with an item
or an error in the scoring guides. One procedure for addressing this situation involves conducting
areview of all inconsistently scored responses to determine if there is a systematic pattern and, if
one is found, having those items rescored. Additionally, the scoring guides for such items can be



revised to clarify any issue identified as causing inconsistent scoring. When a specific problem
cannot be determined, unique item parameters may be required for one or more countries to
reflect this ambiguity in scoring.

For PISA 2015, the Open-Ended Coding System (OECS) tool was used to support the scoring of
open-ended computer-based items. Once scoring is complete for each item, data can be imported into the
OECS to be integrated across scorers and the OECS will produce summary reports that countries use to
examine scoring reliability.

Consistent scoring within countries does not guarantee comparable scoring across countries.
Therefore, in addition to examining the accuracy and reliability of scoring within countries, it is also
important to check that scorers across countries are consistently applying the same criteria. This aspect is
particularly important with the increased number of countries and languages participating in international
surveys such as PISA. The approach used in PISA 2015, based on that used in the Adult Literacy and
Lifeskills Survey (ALL) and PIAAC, involves the use of anchor responses. Anchor responses are a
common set of items and associated responses prepared by test developers. For PISA 2015, anchor
responses were provided for New Science items. Since it is the open-ended items that are the focus of this
process, anchor responses for PISA are created using only those item types and it is these responses that
are double scored. Because anchor responses are provided in English, scoring teams in each country are
asked to designate two bilingual scorers responsible for the double-scoring process.

As was the case in 2015, the scoring design will dictate when in the scoring process the anchor
responses should be scored as well as which of the two scorers should be the first scorer and which should
be the second. The OECS simplifies this process for countries by organising responses according to this
scoring design. Scorers receive a PDF file for each item

A part of the PISA 2015 CBA open-ended responses required human coding, a process that took
place with the aid of the Open-Ended Coding System (OECS) — a computer tool that supported coders in
coding the computer-captured responses according. During coding, the responses were organized and
distributed to coders following a pre-determined coding design and the specific coding guides. Coding
reliability of all computer based open-ended questions that required human coding was evaluated on a
subset of responses. This tool reduced the coding administrator’s burden of managing coding activities
and ensured that the coding design requirements were met. Coders received a PDF file that contained all
the responses assigned to the coder, including anchor responses (in English), if appropriate, with one
response per page. Each page displayed a part of the question, the individual responses, and the
acceptable coding categories for each question. The coder clicked the circle next to the selected code,
which was then saved within the file.

During coding activities, OECS generate three types of reliability reports: 1) proportion agreement,
ii) coding category distributions, and iii) deferred and missing responses. The “proportion agreement”
report shows the average agreement per item across all coders as well as average agreement per coder.
The “coding category distributions” report is used to compare coding distributions across coders for each
item. That is, it compares tallies or counts of the response categories for each item across all coders and
identifies whether the distribution of response categories given by any single coder differs from the
average distribution across coders. The “deferred and uncoded responses” report provides counts of
responses that have not been coded during the coding process, being flagged as either deferred or uncoded
to be scored later.

The human coding was conducted in the time frame allocated, and rare technical problems were
addressed immediately so that a complete set of human coded responses was available for the analyses
described below. A report was provided separately to each country summarising the overall level of
agreement reached for each scale. Countries also are able to review level of agreement reached on each
item.



Psychometric modeling

The reanalysis of PISA data from prior cycles (2000-2012) aimed to stabilize the trend measure
and to ensure its quality. With PISA 2015 introducing CBA as the main mode of assessment, the concern
was that it might influence the item parameter estimates for the linking items. Moreover, some linking
items might not work equally well for all of the populations assessed in PISA 2015. Utilizing linking
items that do not work equally well across subgroups (i.e., are not measuring the same construct in all
populations) reduces the comparability of the trend measure. These linking items needed to be identified
and excluded from the Main Study item pool. However, given the new scaling approach for PISA 2015
(the combined Rasch and 2PL model), it might still be possible to retain a larger share of these items.

Results from prior analyses (PISA 2000-2012) were replicated and then reexamined using the
combined Rasch and 2PL model. The reanalysis produced a common parameter for each of the previously
used items that is contained in the databases from PISA 2000 to 2012 and that can be considered as a
starting point of scaling the PISA 2015 data. This ensures a solid database of item characteristics on a
common international scale based on the past frameworks of each domain.

PISA has collected data in representative samples of 15-year old-students around the world every
three years since 2000. In each of these five cycles (2000, 2003, 2006, 2009, 2012), both OECD- and
partner- countries participated, resulting in almost 300 cohorts defined by assessment year and country.
Many of the OECD countries as well as a substantial number of partner countries participated in each of
the five PISA cycles so far.

In an effort to utilize the complete evidence on item functioning and scale coverage of the task
material used in PISA, we compiled a database that merged all five cycles and all countries. This yielded
a file that contains roughly 2 million student records assigned to each of the cycles by country/jurisdiction
combinations. We utilized state-of-the-art multiple group IRT (Bock & Zimowski, 1997, Yamamoto &
Mazzeo, 1992, von Davier & Yamamoto, 2004; von Davier & von Davier, 2007, Mazzeo & von Davier,
2008, 2013, Weeks, von Davier & Yamamoto, 2013) to specify a model that allows linking all items
across all PISA cycles by country combinations.

Following four distinct models were considered; Rasch/PCM, 2PL/GPCM, Rasch/PCM and 2PL/GPCM ,
RaschPCM and 2PL/GPCM with item by cohort interactions.

Table 2 summarizes the improvement in item fit for the domains of mathematics, reading, and
science. The table shows the results for the Rasch/PCM model, the 2PL/GPCM and the “hybrid”
Rasch/2PL/GPCM model, with one set of item parameters for all countries, and a model that accounts for
item-by-country (IBCI) interactions by releasing some country-specific parameters. These results are
based on all cycles from 2000-2012 combined for the three main domains. In each domain, the IBCI
model fits best (as characterized by the BIC), followed by the 2PL/GPCM, hybrid, and Rasch/PCM
models. This can also be seen in the concomitant decrease in the number of items-by-country-by-cycle
with RMSD values greater than 0.15. Approximately 3% of the items in math, 7% of the items in reading,
and 6% of the items in science did not fit the Rasch model in one or more countries. On the other hand,
around 1% of the items exhibit misfit in reading for the IBCI model and less than 0.1% of the items
exhibit misfit in math and science under the IBCI model. For all subsequent analyses, the item parameter
estimates from the IBCI model were used.



Table 2: Changes in Model Fit Summary

Rasch/PCM 2PL/GPCM Hybrid IBCI
Math # of item-country-cycle deviations 549 397 415 4
Bayesian Information Criterion (BIC) 26400730 26118134 26175012 25946516
Reading # of item-country-cycle deviations 1233 960 962 250
Bayesian Information Criterion (BIC) 30968125 30675531 30691983 30472304
. # of item-country-cycle deviations 921 717 708 8
Science

Bayesian Information Criterion (BIC) 29908518 29585732 29591677 29302806

Total item-country-cycle values: Math = 15,795, Reading = 18,603, Science = 16,223
Deviations defined as RMSE values > 0.15

IRT Scaling of FT data

The new science items developed for 2015 are based on a revised science assessment framework.
These new items exist in the CBA mode only because PISA 2015 represents a shift from a paper-based to
a computer-based survey. The IRT scaling of the new science items was straightforward, but some
changes to the scoring of two of the CPS units were necessary before the data could be used for IRT
scaling. The CPS scale consists of seven units, which in turn comprise 165 items that can be used for the
IRT scaling. The CPS units are based on simulated conversations with one or more computer-based
agents that are designed to provide a virtual collaborative conversation. Test takers have to choose an
optimal sentence from a multiple-choice list to go through the conversation with agents, or choose one or
more actions programmed in the unit. It was found that data from two units had dependencies in the
responses due to different paths that could be taken by students through the simulated chat. Therefore, the
CPS chat items that showed this kind of dependency were combined into “composite items” by summing
the responses for the different paths respondents could take. With this approach it was determined that
each path-based response string could be scored to provide valid data and introduced into the IRT analysis.
Table 3 gives an overview of the combination for composite items. The table shows how chat-based items
in two CPS units (101 and 105) were combined into composite items in order to generate polytomous
items for the purpose of reducing issues with local dependencies. Details about the items going into this
rescoring can be found in the databases containing country-specific data as well as variable and value
labels.



Table 3: Combination of CPS Items to Achieve Fair Scoring

New Item ID for = Combinations of CPS Items
Composite Items

CC101201C CC101201+CC101202
CC101203C CC101203+CC101204+CC101205
CC101206C CC101206+CC101207
CC101301C CC101301+CC101302+CC101303
CC101304C CC101304+CC101305
CC101307C CC101307+CC101308+CC101309A+CC101309B+ CC101310+CC101311+
CC101312A
CC101312BC CC101312B+CC101313
CC101317C CC101317+CC101318+CC101319
CC105103C CC105103+CC105104
CC105105C CC105105+CC105106+CC105107
CC105201C CC105201+CC105202
CC105208C CC105208+CC105209+CC105210
CC105212C CC105212+CC105213
CC105304C CC105304+CC105305

Across the seven units and 165 chat/selection items, 10 had to be dropped during the analysis due
either to no response variance or the presence of technical issues. Table 4 provides a list of these items.

Table 4: CPS Items Excluded from the IRT Analyses based on Classical Item Analyses

Domain Item Mode of
Administration
CPS (10 items) CC100403 CBA
CC102202 CBA
CC102208 CBA
CC102212 CBA
CC104303 CBA
CC105108 CBA
CC105303 CBA
CC105403 CBA
CC105405 CBA
CC106306 CBA

The new science items were scaled together with the trend science items. In addition to 91 trend
items, the science domain consists of 213 new items resulting in a total of 304 items. For science, five
new items had to be excluded from the IRT analyses due to either a lack of response variance, or very low
or even negative item total correlations. Table 5 gives an overview of these items. Most items showed no
obvious defects, and the initial IRT scaling was conducted on 208 new science items.



Table 5: New Science Items Excluded from the IRT Analyses Based on Classical Item Analyses

Domain Item Mode of
Administration
Science (5 items) CS644Q02S CBA
CS638Q03S CBA
CS656Q06S CBA
CS661Q07S CBA
CS650Q03S CBA

For science, data from 53 countries were received in time to be included in the IRT analyses, and
for CPS data from 42 countries were received. For the IRT analyses, the sample was divided by country
and language, resulting in 70 country/language groups for science, and 55 country/language groups for
CPS.

While the item parameters of trend items were fixed to those obtained from the reanalyses of
previous PISA cycles (historical data), the new science and CPS items had to be scaled based solely on
the Field Trial data. For the CPS scale, both a multigroup Rasch model/PCM was estimated as well as a
multigroup 2PL model/GPCM. For the new science items and CPS items a concurrent calibration was
used to evaluate whether items are working equally across country/language groups or whether there are
item-by-country/language interactions. Both model approaches were compared to each other. Item
parameters for new science and CPS items that are provided for the countries and used to identify items
for the Main Study are based on the 2PL model due to the improved model-data fit and because more
information (with regard to slope parameters) about each single item is provided. These item parameters
were also used for generating a standardized proxy (EAP) estimate standardized within countries that is
available in the data delivery to countries).

Table 6: Comparison of Rasch model/PCM and 2PL model/GPCM for new items

Likelihood:  A-penalty AIC B-penalty BIC
CPS
RM/PCM -985477.57 686 1971641.15  3877.09 1974832.24
2PL/GPCM  -971208.69 994 1943411.38  5617.83 1948035.21
Science
RM/PCM -2215483.30 1266 4432232.60  7406.46 4438373.06
2PL/GPCM  -2192778.99 1698 438725597  9933.78 4395491.75

The item fit of the new science items and the CPS items was evaluated with regard to the
concurrent calibration. Table 7 gives an overview of the percentage of RMSD and MD that was
considered to be deviant using a rather strict criterion of RMSD > 0.20 and, MD > 0.20 and <—0.20.

Table 7: RMSD and MD Deviations of Trend Items and New Items overall Countries/Languages

Science-new CPS
new items new items
Percent of CBA CBA
RMSD > 0.20 0.93% 0.94%
MD > 0.20 and < —0.20 0.49% 0.51%

Table 7 shows that item deviations for new science and CPS items are generally small. The
deviation frequencies were not found to be substantially higher for any one particular country or language



group. The results illustrate that the items show a good fit when using the same item parameters across
different countries and languages. Moreover, both scales show sufficient IRT-based (marginal)
reliabilities (Sireci, Thissen, & Wainer, 1991; Wainer, Bradlow, & Wang, 2007) with 0.80 for science
(based on trend and new items) and 0.88 for CPS.

What we found from 2015 PISA FT and from 2012 PIAAC on CBA

The Field Trial analyses are based on data from 53 countries received by 31 July 2014. Of these
53 countries, 45 were considered computer-based assessment (CBA) countries, meaning that they
implemented the survey using both paper and computer, while eight countries implemented the survey as
a paper-based assessment (PBA). Altogether 120,303 cases including all multiple languages were
included.

Almost all countries met the sample size requirements for the major assessment language. More
specifically, 50 out of 53 countries produced more than 95% of required sample sizes: 1,950 for CBA
countries, 900 for PBA countries, and 1,750 for CBA without CPS countries.

The CBA design specified that 1,950 students from multiple schools were randomly assigned to
one of three groups according to prescribed probabilities: 1) 23% of the sampled students would be
administered trend items through paper administration, referred to as Group 1-PBA Trend, 2) 35% would
be administered trend items in computer administration, referred to as Group 2-CBA Trend, and 3) 42%
would be administered new items through computer administration, referred to as Group 3-CBA and New
Science/CPS. The successful implementation of the design above rested on strict random assignment of
students to one of the three groups identified in Figure below.

In order to examine the transition to computer delivery, a set of 18 paper-based forms covering
the domains of reading, mathematics, and science were constructed for Group 1 PBA-Trend from items
administered in the past PISA surveys. A set of tasks “identical” to those contained in the 18 paper-based
forms were then adapted and authored for computer administration, yielding 18 equivalent computer-
based test forms. In addition, there were 12 computer-based test forms consisting of the new 2015 science
tasks and 12 new test forms combining those 2015 science tasks with the new CPS tasks. The schematic
for the CBA design is shown in Figure below.

| Sample=1950 |

[25 schoaols,
78 students)

Pela P42
W
GROUP1— PBA Trend GROUP 2 — CBA Trend GROUP3 — CBA New Sci/CPS
(Forms 01-18) (Forms 31-48) (Forms49-72)

Information yield by the CBA platform

Two key features of the computer delivery platform, not available in paper-based assessments,
are the availability of detailed timing and process sequence information. Response times are recorded for
each item in milliseconds; hence, they allow for precise, timing-related analyses. For instance, these data
can be used to identify rapid responders (Wise & DeMars, 2005) and/or potential administration issues
(e.g., groups of examinees who take substantively longer to complete the test than expected). Timing
information can also be used to address issues of speededness and fatigue, between-country differences in
allocated time, position effects, and interaction effects with variables such as examinee performance.
Sequence information, on the other hand, can provide insights into how examinees progress through a set
of items, including the number of times that an item is revisited, item sets that are skipped, and items that



are truly not reached. This information can be used in conjunction with the timing data to identify
potentially problematic items, units, and/or clusters.

The Field Trial data indicate that timing data as well as process data have been successfully
recorded for all data collections in the CBA countries. The available timing data was instrumental in
evaluating the level of engagement and effort students spent over the course of the four 30-minute clusters.
Analyses were conducted and results of these indicate that the CBA assessment provides valid
information that can be used to evaluate response processes within and across countries.

Reduced position effects and improved omission rates in the CBA

Item position effects are a common issue in large assessment programs because substantial
position effects can increase measurement error and introduce bias. The PISA 2015 Field Trial design
balanced cluster position in order to monitor its impact on various measures. We examined the cluster
position effects in terms of: 1) proportions correct, 2) response time, and 3) interactions by domain as
well as by country.

In order to have a reference point to examine the magnitude of position effects, PISA 2009 data
was examined in terms of proportions correct (P+) at the cluster level (PISA 2009 was the last time that
science was the major domain). The values for PISA 2009 are shown in Table 8 below. In all content
domains there is a decrease of 4 to 8 percentage points in the P+ values between positions 1 and 4. For the
PISA 2015 Field Trial data (see Table 9), a smaller decrease of 1 to 3 percentage points in P+ values,
compared to the 2009 values, is seen between positions 1 and 4.

Table 8: PISA 2009 PBA Proportions Correct Across Clusters and Across Countries

Position 4-
Position 1 Position 2 Position 3 Position 4 Position 1
Mathematics 0411 0.401 0.384 0.371 -0.040
Reading 0.581 0.557 0.532 0.499 -0.083
Science 0.490 0.478 0.457 0.435 -0.055

Table 9: PISA 2015 CBA/PBA Proportions Correct Across Clusters and Across Countries

Position 4-
Position 1 Position 2 Position 3 Position 4 Position 1
Mathematics ~ 0.439 0.454 0.432 0.427 -0.012
Reading 0.575 0.580 0.566 0.544 -0.031
Science 0.409 0.418 0.401 0.385 -0.024

Table 10: PISA 2015 CBA Cluster Timing Averaged Across Countries (in Minutes)

Position 4-
Position 1 Position 2 Position 3 Position 4 Position 1*
Mathematics 19.76 18.84 17.26 16.03 -3.72
Reading 24.11 21.47 20.75 18.44 -5.67
Science 22.32 20.61 19.21 17.11 -5.21
CPS 22.67 21.26 20.96 18.79 -3.88
FL 19.49 14.49 NA NA -5.00




Note: * For financial literacy, the difference is taken between positions 1 and 2 because these instruments
only had two clusters.

While the P+ values remain quite stable across positions for the 2015 Field Trial data, there is a
notable decrease in the mean response times (around four to six minutes, i.e., nearly 20% reduction) for
clusters administered in each of the four positions (see Table 10). These finding suggest that the decrease
in response times over positions has little association with P+ values.

To further address the relationship between response time and examinee performance, we
considered mean times grouped using a preliminary ability estimate or what we are calling a proxy. This
ability estimate was derived based on the IRT scaling by domain that was carried out to evaluate the fit of
trend item parameters. The IRT scaling in the three domains of math, reading, and science was used to
generate an expected a posteriori (EAP) score that was averaged across domains to provide this
preliminary ability estimate. This preliminary estimate is referred to as the proxy score. This proxy score
cannot be used for country comparisons since it is based on FT instrumentation which is preliminary, and
sample sizes used in the FT do not allow sufficiently reliable estimates of country-level statistics. Table
11 below reports mean response times at three proxy score levels (low, moderate and high ability) based
on an equal split into three groups (33.3% each). It is evident that low-ability students take several
minutes less on average to complete a cluster. In some cases, the average differences between the low-
and high-ability groups exceed five minutes.

Table 11: PISA 2015 Cluster Level Response Time by Proxy Level (in Minutes)

Moderate
Low Ability Ability High Ability
Mathematics 15.17 18.97 20.92
Reading 18.97 22.60 23.64
Science 17.45 21.31 22.86
CPS 19.69 22.23 22.77
Financial Literacy 15.76 19.97 22.11

The analysis of missing responses looks at the Field Trial data comparing the omission (student
nonresponse) rate differences between CBA and PBA with the purpose to further examine the quality of
data in the two modes. Items that were presented only in PBA or only in CBA mode as well as a very
small number of items that exhibited technical issues were not included in this analysis. In total, 318
items were compared in terms of omission rates across CBA and PBA modes.

We defined the omission rate as the number of omitted responses divided by the total number of
test takers who received the item in each country. A high omission rate is defined by omission rates larger
than 10%. The effect of omissions was investigated by checking the differences between two approaches
of calculating percent correct (P+) item score. These two approaches are referred to as the W rule
(omitted responses treated as “wrong”) and X rule (omitted responses excluded), which in effect differed
by the inclusion or exclusion of omissions into the sample size incorporated in the calculation of P+
values. An omission effect is present when the P+ calculated under the W rule and the X rule,
respectively, differs by more than 5%.

The correlation of omission rate and omission effect between CBA and PBA was 0.88 and 0.80,
respectively. It was found that 13 countries had high omission effects in PBA, while only three countries
were detected to have a high omission effect in CBA. Further, 23 countries were found to have more than
50 items that were labeled as high-omission-effect items in PBA, that is, the difference between W rule
and X rule was over 5% and across at least 20 countries, while only nine countries were found under the
same conditions in CBA. On average across countries, high omission effect for the CBA mode was 32.5
items, which is lower than the 44.4 items with high omission effect in the PBA mode.



Open response items accounted for the largest proportion of items with a high omission rate and
impacted the P+ value calculation the most. When counting the number of items that have omission rates
higher than 10% across at least 20 countries, there were 47 CBA items, among which 98% were open-
response items. In comparison, 54 items were labeled as having a high omission rate in PBA, all of which
were open-ended items. The omission rate in all content domains was higher for PBA than CBA, except
financial literacy, which had a 1.1% higher omission rate in CBA than PBA. Mathematics items took the
highest proportion (approximate 35%) in both of the modes and were almost the same in CBA and PBA.
Reading items were slightly higher in omission, by 2%, for PBA. Bigger differences were found for items
in the domains of science (5% increase) and financial literacy (6% decrease) in PBA.

In conclusion, reductions in omission rate and omission effect were observed in CBA over PBA.
In addition, the findings of higher omission rate and omission effect in PBA items compared to CBA,
especially in open-response items, provides motivation to study the processing behavior of the students
when transitioning to CBA. Process data may provide new insights into test-taker behavior during the test.
It would be helpful to analyze process data stored in log files to further understand which student
behaviors are related to correct, incorrect, and omitted responses and explore the patterns between
omissions and item types as well.

Future directions of PISA

The future design and functionality of PISA is solely in the hands of OECD and PISA Governing
Board and proposals consortium have made, so it is not certain about specific features or their timeline.
However, as a contractor for both 2015 and 2018 contractors, | have a vantage point of view. It is clear
that CBA is here to stay and measurement constructs in any domain will expand beyond PBA constructs.
The future constructs may incorporate how students use skills to learn deeper and further in the domain.
Such activities will include measuring what they have learned already as well as how they might be able
to use in more realistic settings. Although, depth of knowledge being measured and realism of questions
would introduce contextual factors that may interfere generalizability of measured skills. PISA items
tend not to require special factual knowledge but higher organizational knowledge to utilize necessary and
extra information to solve problems. CBA may require awareness of what he/she knows and does not
know in order to pursue which direction to solve problems as information explorations take place.

Historical item construction criteria of strict adherence to over one third to be hand scored is
somewhat arbitrary and ignores the advanced capability of computer scoring. It is expected that
proportion of computer based scoring would increase as more computer based scoring algorithm mature.
It has been believed among those who have been involved in the large scale assessment with emphasis on
trend assessment that “to measure trend don’t change the measure”, meaning keep the intact clusters as
large as possible across cycles. However, since 1990 we have been seeing the data in adult literacy
surveys, cluster size can be fairly small to maintain consistent item parameters across cycles, certainly not
as large as 30 minutes worth of sequence of items. If intact clusters can be as small as a set of items
based on a single stem, more flexible item combinations can be possible and open a door to many
different kind of adaptive testing.

Regularity of response time, number of actions and sequence of actions among students, language
and countries are remarkable. Future analysis model would include additional information unique to
CBA for estimating skill distribution of students population.
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