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Abstract

The present study explores the process of test construction using the
Cognitive Diagnostic Computerized Adaptive Testing (CD-CAT) approach, a
novel method in educational assessment. This approach integrates methods
from Computerized Adaptive Testing (CAT) and Cognitive Diagnostic Models
(CDMs) to identify individuals' abilities and weaknesses with greater accuracy
and in a more personalized manner. Initially, the theoretical foundations and
key concepts related to CD-CAT are discussed. CD-CAT can provide a more
precise assessment of candidates' abilities and skills. Instead of offering a
general score, this approach provides a deeper understanding of a student’s
academic status and strengths by analyzing specific skill strengths and
weaknesses. The article details the various stages of CD-CAT test construction,
including item bank design, item selection algorithms, and test termination
rules. Furthermore, the advantages of this approach over traditional tests,
such as increased accuracy and reliability of assessments and improved
efficiency of educational processes, are discussed. Research indicates that CD-
CAT can optimize the evaluation process by selecting items tailored to the
candidate's ability level based on their previous responses. The findings also
suggest that CD-CAT can significantly enhance the quality of assessments and
the accuracy of diagnoses. Finally, suggestions for future research in the
development and improvement of CD-CAT and its practical applications in
various educational and assessment fields are provided.
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Cognitive Diagnostic Computerized Adaptive Testing (CD-CAT)

Extended Abstract

Introduction

In recent decades, the limitations of traditional paper-based assessments have driven a global
shift toward more personalized and sophisticated methods of educational evaluation. Among
these, Cognitive Diagnostic Computerized Adaptive Testing (CD-CAT) has emerged as a cutting-
edge solution that fuses two major psychometric paradigms: Computerized Adaptive Testing
(CAT) and Cognitive Diagnostic Models (CDMs) (Andrade Medeiros,2022; Rudner,1998; Cheng,
2009). Unlike conventional tests that offer only a single composite score, CD-CAT provides
detailed diagnostic profiles of learners by assessing their mastery of multiple latent cognitive
attributes. This enables educators to make precise, data-driven instructional decisions and tailor
interventions to individual learners (Weiss & Sahin, 2024; Tatsuoka & Ferguson, 2003).

Methods

This study utilizes a descriptive-analytical review to examine the theoretical framework,
functional design, and operational stages of CD-CAT systems. It outlines five key phases: (1)
constructing a Q-matrix to map test items to cognitive attributes, which is vital for diagnostic
accuracy; (2) defining rules for test initiation, including how initial items are selected based on
prior assumptions; (3) implementing adaptive item selection strategies such as Shannon Entropy,
KL Information, GDI, and PWKL to maximize information gained from each response; (4)
estimating the test-taker’s mastery profile progressively using methods like MLE, MAP, and EAP;
and (5) applying stopping rules to determine when sufficient data has been collected to end the
assessment efficiently. This structured approach enhances the precision and adaptability of
cognitive diagnostic testing. Additionally, this review evaluates the practical applications of CD-
CAT through tools such as GDINA and Concerto, which support both simulation and real-world
implementation. These platforms offer flexibility and robust algorithmic infrastructure, making
them suitable for researchers and practitioners engaged in CD-CAT.

Results

The findings of this review highlight the considerable advantages of Cognitive Diagnostic
Computerized Adaptive Testing (CD-CAT) in enhancing both diagnostic precision and testing
efficiency. By generating multidimensional skill profiles, CD-CAT allows for a more nuanced
understanding of learners’ cognitive strengths and weaknesses, moving beyond traditional score-
based assessments.

From a practical perspective, educators and psychometricians have found that advanced item
selection algorithms such as Jensen-Shannon Divergence (JSD) and Modified Posterior-Weighted
Kullback-Leibler (MPWKL) have demonstrated superior performance in recovering accurate
mastery patterns while simultaneously reducing test length (Asiret & Siinbiil, 2024). These
algorithms optimize the balance between informational gain and test burden, making the
assessment process both shorter and more precise (Zheng & Wang, 2017). A critical factor
influencing the validity of CD-CAT results is the design quality of the Q-matrix, which maps each
test item to its corresponding latent attributes. Inaccurate mappings can distort diagnostic
interpretations and lead to invalid educational inferences (Rupp & Templin, 2008; De La Torre,
2009). Therefore, meticulous construction and validation of the Q-matrix are essential for
ensuring diagnostic reliability. To support the complex data analysis and implementation
requirements of CD-CAT, software platforms like GDINA and Concerto have proven particularly
effective. These tools facilitate the modeling, estimation, and interpretation of cognitive skill
profiles, providing researchers and practitioners with accessible yet powerful environments for
operationalizing CD-CAT in real-world settings (Ma & de la Torre, 2020).

Conclusion

Cognitive Diagnostic Computerized Adaptive Testing (CD-CAT) represents a significant
advancement in educational assessment by combining the diagnostic depth of Cognitive
Diagnostic Models (CDMs) with the adaptability and efficiency of Computerized Adaptive Testing
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(CAT). Unlike traditional unidimensional approaches that reduce learner performance to a single
score, CD-CAT provides a comprehensive mastery profile across multiple cognitive attributes,
allowing for a more accurate, learner-centered evaluation (Cheng, 2009; Yu et al, 2019). This
integration enables educators to make data-informed instructional decisions tailored to the
specific needs of individual students. By pinpointing which skills are mastered and which require
further development, CD-CAT supports personalized learning pathways and more targeted
interventions (Tatsuoka & Ferguson, 2003).

Despite these strengths, several challenges remain that warrant further investigation. Chief
among them is the validation of the Q-matrix, which serves as the backbone of the diagnostic
process. Inaccuracies in mapping items to latent attributes can compromise the validity of results
and misinform educational decisions (Rupp & Templin, 2008). Additionally, selecting the most
suitable item selection strategy (ISS) remains a complex task, as each algorithm presents trade-
offs in terms of efficiency, accuracy, and computational demand (Li et al, 2023). Translating CD-
CAT from theory into practice requires addressing logistical, technical, and pedagogical
challenges that extend beyond theoretical modeling. Furthermore, a notable gap exists in the
application of CD-CAT within the Iranian educational context, underscoring the importance of
conducting localized research to ensure cultural and curricular alignment (Ravand & Baghaei,
2020).

Cognitive Diagnostic Computerized Adaptive Testing (CD-CAT) represents a new generation of
assessment systems that are not only psychometrically rigorous but also highly responsive to
individual learner needs. By combining the precision of cognitive diagnostic models with the
adaptability of computerized testing, CD-CAT provides a nuanced understanding of students’
cognitive strengths and weaknesses. This insight enables educators to design targeted
instructional strategies and personalized interventions that are both effective and evidence-
based (Cheng, 2009; Yu et al, 2019). The learner-centered nature of CD-CAT marks a shift from
traditional score-focused evaluation to a more holistic and diagnostic approach. Its integration
into educational practice can significantly enhance teaching quality and learning outcomes by
offering real-time, skill-specific feedback to students and instructors alike.

To successfully scale CD-CAT, further research and practical improvements are essential
especially in refining Q-matrices, stopping rules, and software design. Its application in diverse
contexts like Iran also demands cultural adaptation and localized testing (Ravand & Baghaei,
2020). Achieving full impact calls for ongoing interdisciplinary efforts and strong institutional
backing.

Ethical Considerations

This study is based on a literature review and does not involve any human participants.
Nevertheless, ethical considerations, including integrity and proper citation of sources, have been
duly observed.

Authors' Contributions

This article is derived from a doctoral dissertation. The first author is a Ph.D. candidate, the
second and third authors served as academic supervisors, and the fourth and fifth authors
contributed as scientific research advisors to this dissertation.

Funding
The costs of conducting this research and preparing the manuscript were fully covered by the

authors. This study did not receive any external financial support.

Conflicts of Interest
The authors declare that there is no conflict of interest.

173 Iranian Journal of Psychoeducational Assessment. 2025; 1 (1): 171-191




Y ol ) 090 NP+ (Ll g 5l W)Jdals)wuolﬁdnwmﬁsﬁ
s s

‘;mib 9)J Jlo

el 5 092l ((CD-CAT) (oL canseds (55 gmels (Sl o
90l s ygeil (s5Lwlg, g Colw

bd%“' ‘3& ‘ “5).:[..3 W“ P Y‘d,ﬂm&’ oS0 ¢ *Y‘;!_Uﬂo ).i.aol ‘ ‘L’,W}: u.gu‘,s 'W

Ol g SLblb aodle olKiily ¢ g psle 9 (wlid gy 028l (55 0]l 5 (omiw S (658> (ool )
OlRl el (bbb adle olSiils ¢ gy pole g (owlidlg) 035U «(5 pS oIl 5 o 09,5 Jluiils Y

Al eyt bbb oMo oSl « iy pole g (sl slgy 2ASIS g S0l g Lyioias 095 Sl ¥

Ol gt a3y ¢ oMl 3151 o1 ¢ SgunlS  pwdines 09,5 Lokl ¥

Olnl e i (93,3 oSS ¢l ly) 9 (i pole 0aSiily (ol g 09,5 Sl .0

S allie coledb]
sloJse  (CAT) Uil iori sla sy ) oS5 S5y o ool laas i) 5 (o5 gy e o8 WX R s

i UG 5 I Ul (6o sibopaied 5 5asd b 4 Slsis U 5,8 o S a1, (CDMS) 5L et VT sk 8

CD-CAT .csl osis 03y sy CD-CAT L basye Lol madlio g (o)ls Sl il j5 a8 Slolis 1) ol 3l
2 i g o bl o b 2,Sg) ol o)l 1) ldbely slacs)lhs 5 b oUles 5l g5 58 oL, &) cubls
&8 lsially g Juass Cundg jl (6B Sy (IS 0y S Wl glads ccdboby o bl sl )lhe
o Jlaw SOb (sl dles LCD-CAT odey b 099)'1 Colo alisee ol yo ol 4 pwols dllie A5 o paly8

tlS slaojly

S (5 gmals Bllail o

’ - ] i iz {CD-CAT) ks
gt slagygail @ S 2509 cnl blja cmizman 2oy 0 (ig0j] a3l 22l g Jlgw S sl S . .
(CAT) (s ignels 3

o a3 e i Sl Cal 0B sy o Bi90] (SBAL]E I e g byl (bl g By i)l des
Bl 1 o] Uy g b kit (sla Sl clullogls L (slagesly oo 5l ezl L 15 oo CD-CAT
CusS a4 Slgie CD-CAT o s o (L ol uioman 35k it |y (b)) 30l o ponlay 5 25
5 drwgl dino) 4D o,\:.[l Oladss ly Shlidn oled WS Sl SeS b jasuis cdd il g b obj)l

ool 01 &) b3yl g ojgel e slaojes j3 o] Lles (slad )8 g CD-CAT s
BY

ol oSl £3b

E SR N T
&iluygeil {CDMs)

DO e S i Bisel slagigeil silelsy 5 cale slapls 5 woxls (CD-CAT) slis paseis i

ol 5 oSl sl 395 ol
35 o3izad O 00 4y Al

ttps://doi.org/10.30470/ijpa.2025.726664 .\YV-)a\

ul.\.o.wy @bly b..M ZJM‘ - sowe) ~9—’0 *
UI)JI ‘ul)'P(' ‘L;UoUo aMe ol 8isly sy pole g (wlidlgy 0aSKiild (S 0jll g yioxiw 0g)S Zu.bl.wa
tavanaei.yousefian@gmail.com : Sig 5SUf oy


https://orcid.org/0009-0008-6062-3732
https://orcid.org/0000-0002-2875-7449
https://orcid.org/0000-0003-0226-175X
https://orcid.org/0000-0002-0094-0372
https://orcid.org/0000-0002-6212-1372

(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

Aodlo
b oy 303, BT il i (o559e] plas S (cl5,) 15 1) (oS0l M 585 b)) Cuonl (pgi (slasygld ¢ ele @Y g
S50y poi) calie ol g Sload 1l 0l WL (B590l oo (sl 4 (255wl )3 (SIS — 3o (Slagygel omed (tiuw o Loy,
Dgu g3 g9a5te g LD T 6 S0l 4 L el Liomiw (VoYY T 50 g g pde SaT) 3jle e bles 1y 4yt toxie sl )l
ool isy lgeas 1) OT b agyeplil WS o ) 55K0) Cosdl g (90,8 il ol (o050l auld cole o gadS il asly

308 dgrsl daidgeil Togse Slas i 53 @l 3% 99 s (IRT) "l = Jlso 4l 5 (CTT) “pgesl SeudlS 4y ks

elodls col p3Y She bjgel MBIae (Sl (gl byl olacesgie (635 Syl slals g luass cél e 58> jastis ) w3 yiuS

@l e85 kil g bl nl g Mtd 28T I 3305 )3 i (slagygeil o (60l 955 (6y15,5 S K e Eomed 0)l)d Si5eE
(VVY o) ST ity ) hoeis

G55 3500 53 Ao gogel oles (sl oy (920l ety igdi oo |l (SI2E = Blae gty 2l &V St (slagyge]]
0l Slayiany b job diailys 331 g 28l gl Hlgds bl 4 (295wl I Cuwsl (Sae Gl (U195 L 313 larlse Cosgizes L b Ul
rsiee Soggesl gl Cdpd b (VAN M jidg)) 39 e S olas GliEl 4 5l g oyl B il 4y eie sy ol gy Gl e
L9 o wgume st sgeil Sl Fhe 3Rl (Sludl slalld (EalS 5 YL 3«55 3,955k Sl L & w8l anwgs (CBT) 7 igepals
(VW e 9 T perSa)

el ISl ) epality Mol &ygps o5 05 gy J93dligy il b (PBT) Wi2ls e (slacigail (oS g Comnr 05 5
kg a8l anwg ¥ Blbail g slalsjoriz (oS i (osite lacdB ) Sgels e slaggeil el 3 (VoYY ()l 5 PSS gy
[P N Sigtn ¥oeY Migpin Yo Y olaS g atlS (Ko 0l &l 1y 65V blS 5 85 b shlyiin (slosrglis 51 (speSone:
Catal 5 €3 (9ol (Ul obl 2 oSl (51555 s oilais b 45" Cunl (CAT) ™ (g igapols” (Bl o daygasl ol 555 02 ey
(i VYo lon 5 7 o) Cusl B S 1B (clod 1S g 3y90 S lto (I3 5 loj 3 (aspepo idoar g 25l 00 wal8 ) (o5t
oo 435 390 S5l o] bl yy gins g 9 3,050 goly 52 51 g 339051 (UI55 s chiadion (sl s 51 (s Syt b (V2 -V
sl s 3l (sla el b alaJlp (b (Sl et ool o)l sl lgieas (MIRT) ™ ganaiz sl 5 (IRT) gy
(VY o San g ) wlo,S w231, (B) (bl slabasd 3512 5 (€) ™ oo (@) T 3005 (D)

oo Sl w55 o (slo g 3L (o o bdilhe 5 Cusl uans ot j3 jemce b WolS g Lol gy jlisb S5 CAT iyl b
(V 1ol o JSits Lol sadlgo gy 51 CAT a8 5,5 0 5 315 (2o (23005 slosby, 9 (90l iy aelsd (Ul b tuogey 2]
S 57 urnogilns) ™ g3l plosT 0acl (B M Llg5 55901 b (230 e 09 (¥ M Sl ol 3w (™ lgur S (¥ 7 (6 S et (13il5
(V%Y () Sod g SgSlugs YY)

Wigh o w0 5 zpbas CAT Jolio ) S5 L illas

(09oi] E955 sl alio T (oo Sl s (9,5 als ya) ol 5

1 Assessment

2 Andrade Medeiros & Muniz
3 Measuring

4 Asiret & Omiir-Siibiil

5 Classical Test Theory (CTT)
6 [tem Response Theory (IRT)
7 latent attributes

8 Students’ skill profiles

9 Su

10 Linear Test

11 Rudner

12 Computer-Based Tests (CBT)
13 Magis

14 Paper Based Testing (PBT)
15 Boussakuk

16 adaptive

o

17 McClelland & Cuevas

18 Jafri

19 Jeong

20 Computerized Adaptive Testing (CAT)

21 Bj

22 Multidimensional item response theory (MIRT)
23 Difficulty

24 Discrimination

25 Guessing

26 Decision rule

27 Item pool

28 [tem selection procedure / scoring procedure
29 Ability estimation method

30 Termination criterion

31 Tsaousis

WISIAY (1) ) Y FeF L 5 g, (o ool dloe




Oy g plhiwg (o Uly

i 1 ot 5 s i b s o 5 2] o) i S
fouB e Ut 31 i slaline ol 1y 9051 pladl o (e (g5 A yo) s pS

(VWY ohlSon 5 o) p3Y sl )5 W55 5 2Uls5 (ales 3)] 0 (2led alsyo) poloz p5

(Y AVer ) Ko g yuss) CAT iy

YoV & poing) ol (Sio gl JMiinol § (950 o 39 (0SS pbai  Sldg e p oS conl oud (o IRT & s 4l » CAT

ol 4 geol ) (WWAY (lie) Cons ggiie clalee o b 53905 bl 885 cyud 4 0B g 35 5565 IS 0y p i IRT (Jlopll

Slio p 3g05] bl I 5383 (g pgas (Bld (wlidlyy g (Feisly) pleal b & cunl ool oy (CDA) bl paseits iodian ¢ uwls
.(Y‘ Y ‘u‘).w@l.& 9 )'Q("ul"\?ﬁ‘b) RES ) 45|)| uol>

slagiigel (bl ly 330 )lHl gy cnl el 4Bl el Glee ST me syt JS 00 )| 5503 CDA 35S0, 3
50) “sbiled ygots Sl 5l 3y sl loe (CDMS) T 3 lis parseds (slaJae ) (Vo VF bl § ) 295 0 0guime Siadin
sl Joizma sSgly 3 (2° = 8) Jloisl (a5 cun il ©)lon w winjli g 5T cigad (sl i S F08 purile 3 ()
(VNI 5 gl (99) WS (o i |y (LS G las 5 lals (e bS] 9800 Juolbs (laasis Julod 1 oS 98 e

2 G Ul g 03,5 odlitl (s 5 gamsiz (o)L S e Jas dogy § 530S ©jg0a S IRT 836, CDM (4lo Jae
- AU ot (gt b a5 3,55y CDM 5 CAT ol 5l 5(Y-VY iy 8- \A &gt 5 Sogens) 3 (52,5 slocogls oo
U Bls Sy sl 38 alelid 4 mojliel o sbeay 0,80 ol ul 485 S5 (CD-CAT) * (Bl paseds (5 59selS
(VoY e an 51 S0L) S oo w08 1) 025,50k (bly (olojl L culizo (slabigel (Db (ISl g 4zl

610358 il 350 i 5o (Slb st oy 5 s U5 ool ¢ 328 3,935 1)) cobls Lo CD-CAT (51 (gl Jlu o

S o K8 She OMBIe g ) el g ladre ay 0dld e (B590] (6 S rerenad Sl b 3,y ol ol 43,3 JE (55ge] 0595 4

Cooi 4 5L e )lge plAS )3 Sdg0jl A o Lauie 385 O jguods Ak ot o 1)y balus pdaw L CD-CAT (s sloJre M5,
(YN TSl g o) 3yl bald laplsS 5 g5

1 Weissman 8 Sessoms & Henson

2 Cognitive Diagnostic Assessment (CDA) 9 Cognitive diagnostic computerized adaptive testing
3 Weiss & Sahin (CD-CAT)

4 Cognitive diagnosis models (CDMs) 10 Cognitive Mastery Patterns

5 Binary 11 Yang

6 Q-matrix 12 Lin & Chang

7Von Davier & Lee

V=YY () Y VP F L by ity i cole dlzzo V¥




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

S 3 (BLb pasis (bl pite $geil S (ailhe 5 5l e 4 hlodm (900 (63,509, ST L pols iagh
Sl st U250 )8 oyt )50 o] (Sl 2 oS (6305 laie cpsioran 5 gl Lo cosple cal 1 5100 (6 oS’ (Sl
oot p 933l & cusl laggeil (b sl goly szl ) cddllae cpl ) Ban 9 eal B o sla) g5l I e S
2 e o5 dlie ol ( BUS (omiily) 0> )3 yuime 6y Al Sl 650 s b iy 85 650k bl Lol 4 ¢ Ul o
Sald o gine (90l (Sl S mronas lodine) ¢3:85 (5 )la3 (o 2 4SS L g 39,00 ladbs 9 )3 (oBigal (bl cngh oyl dmwgs Ca
Dy dnlgs

s (e S A &l iy oip 3 a5 95esy (CD-CAT) LS s (5 yigels L e
oyl o bl €85 i) 0,Sas; ol B w3 e 1) 15y Cisn e Sy 31y (CAT) (¢ pigels 3lbail toeius s (CDMS) x5l
(VN hlen 5 g) ol Bkl sla by, (s pdydllas g aal )8 51 pSo 0 b Glojen oxiuasly 5 (el

ol Sl 395 g (Fluyissh Ao pe 2 53 5Tk (S Eansd 9 08 il (23 ©ygett 0905l slagesly CD-CAT
G5 b anlp ol 03,5 e jlinyge slaJlgw olass il g (aT (gilaiutin 42 45 3500 plsl (SlgS 4y oade S Jlps SO 5l s
(7Y olSam 57 ) s sl (olla "> wlil gebaus b Lol 3hiss) s Jlano 90 5 S

5 555 sloygesl )3 059 sl Sy i Cusla ogeil (samuiz (Bl sla)lslo 4 2 SEwly ) CAT & s CD-CAT 5
(Y YVES g 95) 3y oljunr ol (b5 g (ol Ailo ¢ g2 g g ot Cunlo b slaojs

b clis 5 gefl oo oo Wy cimele ool 9500 e 3l b § Il 5L o 5ES paeds o Jae
ArQra 4l ST () Sen §Ol) a8 o s (Do olasi D o Jlgus slasi K) KXD o jlo S @ p0 1) (315 slac o
1 2,..0D i a8 Qg = 0 Syge opl pé 3 sl (6y9p0 A cio p bl K Jlgw a0 cobgul (¢l 45 col bao cpl 4 b V b
k=1,2,..K.d=

13,5 o iy ) oo () o)led sled lay Gillae o 35550 00l (L5 O L I I (ge3l (sl (9550 (S el
(V) An = (An1, Anz s e e Ay oo oe ,®np)

ool 905 JS o N el N= 1,0, N oS 0tnd =0 oy o) e )3 Qnd =1 sl balane d oy (539051 ool N 31

A SigelS (Bl Gloris (58 0Su5) ol A5 (Byme (V09) TS b gadlllas ) b s gl CD-CAT Mol
clacio b gubas (oYU oy Jusd g oas b a gdg0jl (3ls Olaw 538> byl Bua b oS ol (CDMS) sl aawseits sla o
o o3l yinles Cylagld & jgods Y S5 53 CD-CAT (elyn! S 859, 08,5 )13 yloxindlyy 4o g5 5 y90 s purds  audedd 13 YU B g (63,5
Bl (gdny g 5 0d Sloyior Eres ol it Gy o Lslsl 3 5 350 oo (b Sy yes sl 09l pelaieds S350]]
235 o kil 55 3ld clacidn 585 (6359]p wolis 1D g Wb oo ashdl CaBg Jlme 3i0 B anld pl g e

DA g ] (339031 Y y9iSe (S yes 3y9lp (el Bam (CD-CAT) 3ls paseis (¢ 5guals Sl yioxiw 5,504, )
3L (S Epes g 098 CD-CAT pad iy slaasens 1 0,6 b o)y balud oddicy 5 5l glacslee b clas pluS 5 55 45
o )90 53 5 " o)glaiecSS g0l 9 il AR ST e yp0 (nl 53 39 0 035 (3035 lojio sgbat 355 (B) (asesl IS Ul ()
(VN eohlSan 5 (95) 294850 0ol Mo pglatog (a5l By A lojon

a0 031 inled (Y JSS) jlagld S LB CD-CAT syl .\J)B

1Yu 7Cheng

2 Attribute mastery profile 8 Precision

3 Precision cut 9 Latent mastery profile
4 Li 10 Single purpose

5 Zhu & Chang 11 Dual purposes

¢ Rupp

14 WISIAY (1) ) Y FeF L 5 g, (o ool dloe




Oy g plhiwg (o Uly

oo S Jg o

!

a WC}I"" .))51).3

»

Jl}w k.)l?b.)l dfl)w‘ )‘ odlésiwl l: S le k.)l?b.}l

'

A o Z g Sy jgy 4 9 29l

okl

(Y-¥Y (o )Kan g J) CD-CAT ¢l ol IS 00T, v IS

ool 0psliatons clls 13 5 (O) (S oo bl Sl 5l CD-CAT (g, (slpl sl p )5 cl asetio ¥ jygeas j1 oS ol lon
in Sl 9 008 (Slusyjoyar polie cgusly po s L g 39550 2512 (B o3l g0 )3 5) A el lgl o Gusly 51 g sl ol L6 550
olyd cpl 0,8 e L‘bu.;.)?o)'i b Zuol gl yoluly b 3l Glae jasuis cdy iulsl Baa b Slgs o ol cpl 005 o bl
b Jlour ygo03 3 g 51 gaabas b CD-CAT .08 o iy a0l ¢ I pasuiio slawi b ogllan € 4 (yduwy siile «cdBoi (slayline 3 (S5 30 b
gdiee Lo 55 (iadlyy S &S Jo s 3 3l walS psmmecludl 5 (385 oadigl e sl (oge)l (BLb sl Sy b

| iy ol sl |

e
l— sp5liie S5 —r— oy pliia 92 —l

sl ey O o3gls | | sl ooty |, @ 5O slasy sl

aly
=]

aysliia S5 o35lat 53

!

5@ i Jlpe sy 5| [ 5 @5 il  l l5 ol

(CD-CAT) 55 s el S i 1,3
el by b 1 e cpsinss Ol b g oas (sl g3g0j] ey (3ld Slao olulis Ban b o8 ol jymmed,d 39, CAT
G895 oloj b a2 cpl 235 o OBl e ol bl (s g 9 39500 2090 () gl Y S)lee Eymss sl Sl ) g D900
(055k2ieSS Jao) O by ys Lo Mo el ol (glaes ol 53 sl oo dolsl b Jlaw slaws iSTlas b S luab] pdaw disle caBgr (slayline

1 Skill Profile

IVI-NAY (1) Y P ¥ L by Sy oo (cols dlxo YA




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

Lj Gunodd ‘)lss)lw gj)‘ ..\Jl) ‘)M)l)ﬁl u.}l)l{ 9 céy b (0)9&9.3 JAA) .39.\»@ ool 9 9 (04 )l uLa/w.m G)Jdv..e)audd dlmw » Lol ‘59‘“’&0 Pl}ul

Vo > @l) sl by ord (olb (CDMs) slis pasis laJse 5 (IRT) -l 4 ) oS5 sl » CD-CAT
u9>)l> L d)Ua.o J|§m e Glblf—l &l L u}nﬂ J9L> wza\f 3 ‘y.ea $indanlb dl)i ‘5)5«_9)@ 2D 03204y fwml)‘vb‘a (CAT) u_‘aLJa;l
il Lol o8 g Jols CD-CAT (elyn) (Y3Q) o) o g g5 (8 (owyp 50 aBlamwgs g (Vo)) gt bawgs oz slae (gldl> yorty
(VYY copnls g urg) *ciBss 0acl8 —0 & mdeyei gy —F (ISS) T Jlgw Sl g, —¥ Feg,ub 0aels =Y da Il SSL -

I S5 -

o) iomiw 018 iso il g <8y ook 28 CAT wlea (CD-CAT) 5ls awseds sy gmels Ul o ;5 Jlgw S
3L #yew gliiwl sl CD-CAT (gdly ,5 .conl atunly 68 uoyile 4 sy SSb o) (CD-CAT (5 a8 bl glis ol b S o
o sle )3 o ysbds & labuly el (Saa ol L Slacles g bl le 38> dlaly 4 aSh bl ool 4 kise da Sdga]]
o ple S G0ty 65 e ilo S o W] W08l algy g Como > (Sl g bl (BB 55T e le CBd g CudSogb e ledjl oS
2 Vgane e ol s 5 liso b oo Sy Ll pjlins ¢ o 52 & quono sl 255 o paSuin o 33 0n (P 29090
Moy8 2 slofag Campl | G ilo cnl el g B 9 oo dntg g ladilod Sl 6ySope b o7 eage plaasie (e Dslab ol
0905l 2ley Caled 53 9998 yxie (3903l (LS E e 0)lyd Caw b slaglitinl 4 Kl oo Lo Bl 5 (wlS | Uad &5 a1
(YN e g 5 ¥ oA Fieliad 9 Q) 25 05 )

5L eyl DMl ogSle G-DINAO , DINO? DINA® isi (CDMS) _5Ls pmseds cslo Jie 5} s pS00 b CD-CAT
33 A oo 425 4 39 o Cogume 013900 Jae o DINA Jus ¢ Jlio (gl 38 o blod Sl sl sl b 5 551y (gogajl (sl
(Ve VF ol 5 ug) ool anily JolS” bl o) (glac)lpe dan y &5 403 o gl Jlgw S & Sl oo (Sloj 4

2 i SO oglls (sln S & e sty (S5 gl i bl e & il o> 53 (5 52,5a) CD-CAT o o] §
L CD-CAT 2 Jw b oo ASJI Jeinl 08 Guple (Sl (Saoms Jdsa a5 WS e o)Ll (Y4 +) Kin ladlyyy 09"}] &9 oxl

S Jo )3 s lagdly laiz « CAT glagygeil wlite oo b sloJlg L I CD-CAT (515,98 jlanl ol plis ccanVl e
aS o e Mg 00 B Y+ o (Jlio (o)) ol j53gax0 \JW CD-CAT ;5 Jlsw b axil yiiio b g Voo Jolis conl (Soe CAT
&y ol it GBS 2218 53 o Jlp Sylae s (em 9 b Sl ) 8L Sy ol 290 (LS gkl <83 talS 4 s ey
il 4 yel e 5 o Bl (g g D] 3 30 1, (vgaj] i 1L gyl GAeMT 51 (6 o0y CD-CAT 05 o ylee

Sgdige e oyl T sal,l8

T Ol 5 bl dsme g plaaiia Jbb S 5Lie b b o canl ol (gl oty 5 32oplls g2]8 555 e e o1
g0 03> gusgr asldl > Lol 5 Jla j3 sl byl g el

(3> oty g gl il (9ol slyime b e e o o Sl (shasgecmo cloyo ol 53 1AL Gl s pa 5 (Lol 1l o8
) Lo s Bi00] loliah ) 55 g (ol Blual > (slgiee Sl (sline 2 2l oo ol g o iy ya5 osnliie LB g (5,13,
35 iy Spgoinl 41y bl Glgiie (oob) b e Liom ln gl 3 5 Gl g 53 iged lgiar T4V K
wopd N Olee 5 8328 IV )l e ) Oylae (VoT a5 ()

Ol 4 o gusly 33,5 asutio 395 oo algioes jlai 51l Sl o i(565 (o i L) L ) loo &) W la CullSS 093 08
Olaasie ple Syt 5)Sen piliue AL15 cpl plul Cunl (igeil ()l Cosply 53 edbiiy i lalae T SopliS Sl (g0 pibiune
o3l les ) g iged laiedr (VoA cpad 5 ) 39 (el Gtoy3r 905 ilo (lgiome sluiel b el iy 5 (SMES) o550
(VoYF cpals g ug) 830 ot (LS S)lee ¥ g Sl Vo Jals Sgoil (sl |y 95 sl

1 Huebner 7 Rupp and Templin

2 Starting Rules 8 Deterministic Inputs, Noisy “And” gate model

5 Item Selection Strategies (DINA)

4 Scoring rule 9 Deterministic Inputs, Noisy “Or” gate model (DINO)
5 Stopping Rules 10 Generalized Deterministic Inputs, Noisy “And” gate
6 Subject Matter Experts model (G-DINA)

A WISIAY (1) ) Y FeF L 5 g, (o ool dloe




Oy g plhiwg (o Uly

V Jg>
SBLb Slee ¥ g g Ve ol (2L (903l S5 (gl 915 il
(ero) Vol (308)Y @)l (202) ) Ol Jloe
A \ A\
A \ A
A A \ Y
) ¥
A \ [
) ) \ 4
) \ Y
) ) \ A
) \ a
) \ Ve

33,5 on Al 1) 2yt gl e OIS olpan & lnJlge 51 (sleiges iggdge ok s, sl
(@r0) Yo (202) ) ©)lon dinjls = = (Ax £) + (F 4+ V) ) Jlse

(BosB) Y 5 (203) ) Sylge diojls = S= (W) = W)+ (V8 +¥1) D lges

YoV o slac,lpe sojls — T= (Fx W)+ (A= W) ) Jlaw

Sl )3 5 )lee Sy iy 5 Canl St (g0l slalhs olad 13 (202) Y S )lae 9300 oanlite o Jlie 1 &S psbolon
Sylee ol 3l stiadam g JalS' Jbgy s &5 45 3,8 S0 GligSa WL gefl (A & Amd e LS (Shy oal A e S slinl g0
g Blod b g )3 (ilgie 5 ggite (sloceS 5 B 13 35 bl plo oSk 9 )3

iy ol I oo CEI5S4 @55 4 Cand b Sl el GBIk (sl ol S5 o Jlgus 44lS 10V Slae pan 1SS ey )5
2 e (pasull (W ol )d (glodiiS pand i aSL ] (6908 (Srimily) slaie | i dac e e (aBld Sl 4 s gr e i
2yl 530l 3,Slas

5 b law e balyy 88> i dad o S5 (CDMS) 3l pasis g e Lol gal oS jw sle sbeodls ASOT &g by
by o Jlgus o a3zl ol p5Y socylee )y (SMES) (s9.050 (laasiio e glanl d525 cq)onl Jl oo izsd Cponl b lae
D90 sledds b Jse opl 5l odelcunsa gl liel (lp  awlal

55 e e & Gl (6598 (BB o lee & b Jlg cullSS 85 5l el (gl 1955 e ke (22l Sl g (o ) Lie ] o o
S U e s T ol St b ey o) oo 15 ol 355 5 sy Sy90 Jiis il 52 b
inlejl (saseud glal 3l e g el )3 (VA8 moS) canl il j1 18 el clacsglad Sligen olie (sosimdlis a5 3,8 (¢S50l
o oo 5,5 o )15 Julos 5,90 G-DINA L DINA Jue ,ulss (CDMS) 3l aawseis (sla e 3l o3l b sselcawday (slmodly g0l
0 3 gl oY Dol Jasl sl 1 i 5 55 m SaS 55 sl Lo 13 o] il Ll &y o e (5l 3 ol
(Vo8 To)g¥a) 25 oo g (503Nl Il (e (2lgy Gl car » Sl B @al 5 il

2 cpaits Jao buogs Ul o 5 00805 (slaganly olulyt (5 Aoy > tgiasly olisl g1 o siaga] (sakpeie fo e oIS
pac b bl (slacls (23 = B) (S S 5 Cutn <l s (sl ATV oS 5 0y) 355 o0 B 950 i 51 (e 2 isge]
o Jloinl 5l 58 (cliges F Jgd 3 34 0 03 olaid] (claib cus p S (539051 o dy ey il p a8 315 3559 (WY b+ ) balus
Cady cyidn g9y Sly cpiomed amd o ol |y Clib cpl 5l SO b 4 g sl Sl a5 wcal ond )] S3geil o (glp odsd gl
ol 0 asuie Glgie b lib (61880 jloss

1 Cohen's Kappa coefficient 2 dela Torre

V=YY () Y VP F L by ity i cole dlzzo YA+




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

vV Josx
35 e yile 3 5390l (canaib YLl @95 g balus slagSl
aab o,leds
oI
A Y i ) ¥ ¥ Y )
"W e Vo) )\ Yoo -y ) Ll 63
VR SRRV R AR YAN SRR A 7 NS £ SR £V N 2 SR YAN 3905 &Y lazs]

Gl 1y Jless! cp i (53905] cpl bl ol ol Sylae s o balus pae ;S5bles €9 due g Ll saims L5 €V sue ¢ Jodo ol )

Y Oylae g0l pils blus Jloas! (Jodo slaodldy 4 angi LY @jlge g balad 9 ¥ gV (clacs,loe p bl pas om0, ¥ adb 3 6,5,

Jols A g5 b ¥ claail ¢ Jlio cpl )3 ol ot astie €I b G Oslae dagl (66 )3 a5 conl sladids  oles Vlis] ggame b il
ol IFA L plp Slee ol jael il bl Jleis] ol pl s V &)l

o[ o5+ SN+ NY + o[Y = [FA
1wl A gV @V sladils &Vl ggemme 45 5945 o duwlore +/FO L ol ¥V &)lhe p blud Jloin] ¢ puizman
cfo N+ o [FA+ o[+ <[ =[50
Gl < IVEL o ¥ Oylee o bl g
SO+ N+ oY+ oY = [VF

S ind 5 g8 LG apllas Lol g o Sl (385 (bl 1o bty (o8 ((BUS (apseds (sla o ol 2 o ogojl sl
sopracdlid indas slagigail Cgmle 53 039 0 G ple g Sl SOL 38 (oximliiel g el (b il pl )3 ] e ladd 43,5 n
Ogde (3953 £ 5 0D Sl ) 583 ()3 ledines 5 amd e Gl ) ()l bales slogSll olulis <> 5w (CD-CAT)
{VVF el 5 rag) 33l oo alyd 5515 9,8 0 (sl 0adisls e g 3,8 pamcio (glo e 1)) ISl cyge3] kel Cple alaslga; as,
gy 2asB Y

2 o ol (B g 905] oled sl Sl 31 Syt (glasgazes I edlisiul CD-CAT (gl azld Sl (ol @l slasby 5 S
©gods CD-CAT Sl (el baJlazsl ol 51 5 005 251 ool (2315 2 sl 'Sy 4l 2 ) e Jlaiol do Sl cl &2 Gesly ol
P (Bolad b |y alie Jlhe gy cgiloand adlle Sy 53 (VooF) oo 5 7o) (VoY Fepnls 5 () 90 odlisial gy Jlgus
fard sl i) 351 (sl adgl g cutin 5l CD-CAT Ladly adllas S, 15 (YY) hlSad 5 o 48 o ,o 55,8 &ly) oatise
Sl Syt (S S S ol daJlg (olas Sl Jols CD-CAT g5,5 (sl solonin 50 slagsbyy 03,8 odlizl (905l
{VNF S 5 sl gg) 3l Sl Ll (sl aigasl st ) Jeols S5 500 leMbl Sl olizal b (V1Y ))Sen 5 i)
(VXY £ Sl) 29 s s 9o] 9 abail plyisas Wlgioe (3 (S Eansd @95 JUd Jsb g0t 3,8 3,Skes ST pizman

Oy T S L 9031 457l ol sl oslis S ST (o)l Sl (s y0 55 1) g3l i oo CAT ot S eyl L 4,

Pl Sl bl o2 )5S ol yr (m Sl Q5] (s 995 £95 (a3 303l de sl yio byl adg) Ul o (28 L L
285 5 )3 anely )3 Sy G iwl sl 21y osedl 908 I 39 CD-CAT 155,50

o5l ggeil sl 5 95 e o Jlges b s ig0il (sl ay sl (San (9ol sl 53 )15 9 <ol sl Sl Sl odlizsl (Jl b

b ool oy ssbiie (slasisy 5 oo e s dpie oS 2350 0168 3 (sihu i e Ygasa (> (umndy 103 )5 il

e 51 Dl i b s Sy 3ok U] b y903] gy b Sl (=1 co/8) Dhia) cpols sl > © 51 gl Jlae S, _boluss s

(Y’\a\ qu 9 )’9‘3 055) Cawl ]a.w}l)c d)bm.) c]a.m L> b.—\mu.a.uu ‘_)w.l )l dLﬁJ‘;w )‘ Ls‘c\.C}oDu

1 mastery class 4 Chen
2 Xu 5 Davier & Cheng
3 Liu 6 Wang

M WISIAY (1) ) Y FeF L 5 g, (o ool dloe




OS2 g liwgs (Ulg3

S CD-CAT 1 65,8 sleiiy oyge5l g9 e 4yl oMbl S gl 1y 068 (pgaslig o sl 3 (V2 0V) oylSom 5 L
oolad] o5 S oS Jo 3 oYY (lylam g 53) 55l 45T S am g0l e (sl S g Bl sla Sl b igol b 2 ke
) 2l o cslio |y {ISS) Yl ol g, sulas ala by, Sl edlisiol b o] b Sinlan (sl Jlgus Sl g 9 (S Eapsd S B0l
syt b )5l (sl o 51 (shae gooro e §) 155 0 CD-CAT 3 i3] (sl g coli] 48 S g5 om edomsis 13 ¥+ VY o)yt 5
(YN 5 gl 99) 98 plosl Jlges 3L JS 51 (ol

Jlgw LI (g, -V

s il axily i CAT & cuns Sslite kLo wilgs o B 4y i (ISS)T J g Slsesl 551yl ilo 132! CD-CAT s
SleMbl wile ¢ i ISS (layeis 63 51 (6 5lums (s oty g Slho 45 g oo plos] dtunS 9o Slib wlol p obj, CD-CAT
oty (V- VE grgmimym9) 5 5 pie) 35,05 o s 30055 Lyl 13 o 5,Slac g s wlio CD-CAT gl (MFI)" g 61> 8
2 ol B 90 S5 L (A) Sy Fyew 335 )9l CD-CAT 5 ISS Gan .wlasl anwgy CD-CAT ogase chis (slags )l
o (5100 9 (6 5l)ly 4o 95 4 ooy oS l 58 o )8 e 5 Sl b Taralse (lie g (2lsme JnS wile glasMe o Jlo
(VNN e 5 9l cig9) Sgdion

2 ooseil b Gl 5o il S b l 5 el Jlge OBl (gjloatay 2 CAT alie CD-CAT 5 o tinggy (Lol 5505
o5 ol 2 958 i & (B g9l pine 5 35 panass 4 liwd Gles ol Bua bl o)l 3929 SEM (gl (ondituns Jolas
5 g) s (SHE) "oyl (9551 5 (KLI) 7 Jlo¥=SJgs” g, LD-CAT 5 Jlgo ol osas g 93 iy ) 55 canlagsl gy
(VN g Y-YF ald

b plo g b sundil gl Jlan] e ©slis CD-CAT 5 5 somi oo 1y Jlol @5 99 0 abols (KLI) Jla¥-Ss” g,
il 1) plod it | 009 00 Ll KLI e o i b s 08 o (55000l Sl 3L 3 0silo Bl Sl o sl 1) (19550
CpyaS &S 395 o Ol g CD-CAT > sl (50 clils Jlain! zojo5 53 Cunbad pae e ,Slis SHE (505 (ggw 51 35 0 5]
opSe Db | (S o Jloj il o wnld (3505l (S Eomst it 0 ) Oliselel et e ol oS T2 sl 4l 1, SHE jlade
95se 51 SHE aaily s o Jlais) 51 e blis 5 ool S5l SHE Jlae iy acls .+ Jlats] @l gl g Vv Jlais]

9 92 03,00 (6 5Yb 8> wbldguy (sladduns o ob L 5 3,8 dwslie |) SHE g KLI aidlingus g a0l (slodsens o, Sloe (V--1) K>
il slas tals Gan L s S @)l CD-CAT gl ol (gl dase b9y iz 9 031 (5,8 1) Sl ol o> (V19) o San
5 osise Sl 3 Cagie Jleis] glojen 3yl Sl & 1535 g |y ols o 5] uizman Uy onl S la g s 45 ke
man Slande b ing oul 3 CAT o s55lurse Seas |; CAT 5 CD-CAT glogan el So5¢keds 1425 o ol |y B 5,51
(VVY 0l 5 (pg) Conl 0 48)S Jas )3 35 glgiee Jols

5 05 Qoygly sl opskatons A ayslys (gl oyglaie 5138 i (IS atd 4 & olgie 1, CD-CAT (sl oad o1l oo ISS
5o by pealie Gilgte (b b (S gobaw )3 55 Wile agde slacudgiome (gyle] (slalixe US55 Jlg Gl 4 iy slaidg, Sl (B
SIS (a3l o (MPWKL) %o oMol ppny 01 b Y = SUsS (glaasls 4 ol o 0adaid s (slo il o 510,58 o i >
(VN e 5 b 095) 255 0,13 (GDI) " adlyguass Jao soles (a3l 5 (PWKL) "y 0o L Sl -

5 Dy i0sr elbibey Jold ssindide <85 (V) 115 4 90 Bme g bl a2anj 3 oty { YoVY ) VhlSen 5 o) pob
SSilg) (MI) 7 Jlize oMl gy ¥+ -8 «Siz) (PWKL) Moy 1 b Jla¥=Sss” gy V-7 olilSen 5 55) (SHE) "l

LRiley 9 Posterior weighted Kullback-Leibler (PWKL)

2 Jtem Selection Strategies ISS 10 Generalized Model Discrimination Index (GDI)

3 Maximum Fisher Information (MFI) Method

4 exposure 11 Luo etal

5 standard error of measurement (SEM) 12 Shannon Entropy (SHE) Method

6 Kullback-Leibler 13 Posterior-weighted Kullback-Leibler information
7 Shannon entropy (PWKL) method

8 Modified posterior-weighted Kullback-Leibler index 14 Mutual information (MI) method

(MPWKL) 15 Wang

V=YY () Y VP F L by ity i cole dlzzo VAY




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

by (VN0 lSan 57 (M) (GDI) Tably rass Jao 5005 423 ls Sog) (MPWKL) Y59 L JLa¥-S8 o0 2ol gy Y- )Y
€83 L (V) YT+ ol 5 'Sy ) oo silugilsie slp 2lots) crzren 5 YV Al 5 53) (CDI) a3 g3 0 (o
il (b (Y0 Sl g o) "o 0 Jolito (2l 1 Jald daJlges 1 edlitel &5 (gjlodingg L olen g0il Jobo ) aeil

(YW OTKlg 5 S53) T 09990 goia g (YoV Moygr Yo g M) Vodd dgdume (b (Vo Ve () Ken 5 L) Yo

e e 35 4 435 b, S S 4 cm o il iy ol o5 65,5 slaitg 1, GDI sl (¥10) ol Sn 5 305
oM)s,ls (PWKL 4 JSD14) S5 (aslis 93 b duslio 3 1) duwloe (loj o yieS GDI asls aSol & s gi b swd oo 5,3 lasie ln 5dgejl
Coanws) WLA )L.m) DU9§ L;L.Im‘ dLﬁu}‘o)T 2 .3).3)‘5 ‘51){ ;(Y' VO ‘O‘)Koﬂ: 9

O 039 b Y= SIS (b9, 5 (JSD) pgilim e STy a3l b anglio )3 (GDI) aiblyprass Jao joles (adls &Sl 4 2295 L
Jsb b (Bl clagygejl )3 oalisol (sl ceubio glayiS ol lsice YN0 (olylan 5 (IS) 315 (6208 Sl ssmlne loj (PWKL)
dsesd (V) olad Jge b Gillae G uilly slie coigeil T (abye) 432 53] I gl GDI [asls )5 paseiie ysboay .cundls oS
)9.«;@
K
2 27 _ * 5\2 *
(v) ¢ = X2/ (P(Y; = 1|aj;) — P)?* D (ay;|y™®)
:"J Bl &
D5dcs0 ok (193] 3 45 pl] Jgw (siny sl Sl il ]
sl sy €8l g Sl S Ll a2 gt el dojo b S 2 o)las T
(g o gl Slao slaal 3lass) el Jlges b o po socs o sl K
ol o b lad o (gl yloe dlass ¥ lgi b ol 5)lee lils S dlass 1535 cwl jusito 2Ki by 51aS ol 5yl i sl
25 )3 O} e i 53 85 sl Gl ioges] bwsi | Jlpe & e ol Jo! (P(Y) = 1]exy;)
23,5 e Ao 5 Sty (1) 03led Jge8 Gl o] e oS el ] Jlgo o oy Sl g (Ske P
kX
D 2] * _ *
(¥) P =i ”(t)(azﬂy(t)) (P(Yj = 1|alj)
ool Tz 3 i) S Bt ool 863 5| o @] (Sl ik > (9] ey oo O (| y®)
el Tl o 1 003e8],] (cla Jlgeo &) ingoj] (slaginl asgare YO
9o GBI L L am 82 )0 1) (ol antn C}g Jie o8 (g oles >
CrSH 8L g0yl o sl 5,Shas oligS slaygejl 53 ohgas GDI Lasli oyailu, wSlis 4 a8 wsls oLis (Y4)0) o)Ken ¢ oM
g e gty Sloj s il ol Sluwlxe bl yials Glas sy
NN o )h)an g I e (Kin) sl anwegs CD-CAT (claaoly b bls,) j3 (odsmie (clapss 65! g s las il cla Jlo 5o
Slalas 13 (Yo VF «Sly 5 55 e ¥ (o)) 1Kam 5 55 Ve ¥ M 5518 5 S50l ¥ 0¥ VIS sl VY PSSy ¥ oA PSSl 5 o5 S

1 Modified Posterior-Weighted Kullback-Leibler 9 Stratified-design method
(MPWKL) Method 10 Blocked-design method

2 Generalized Model Discrimination Index (GDI) 11 Kaplan & de la Torre

Method 12 Binary searching design method

3 Kaplan 13 Zheng & Wang

4 methods based on the CDM discrimination index 14 Jensen-Shannon Divergence (JSD)
5 Zheng & Chang 15 McGlohen & Chang

6 Methods for attribute balancing 16 Wang

7 Wang 17 Tatsuoka

8 Attribute balancing design method 18 Tatsuoka & Ferguson

YAY WISIAY (1) ) Y FeF L 5 g, (o ool dloe




OS2 g liwgs (Ulg3

o (Y4 0F) (S 5 5 S guils g (Y +¥) 5 550l Loy a5z (SHE) s g1 2 (e Bt Jlpo ol (sl 5501 CD-CAT
sl 5333,5 ) (VoY) o 5 55 Lauwgs a5 (K1) T — SJsS SleMbl sl s 355 5 etind

2 cd S By (HKL) T LY-SUs8 o pem SleMbl gy 5 (PWKL) "oy 055 b 5la¥-Ss8 o, (V4 01) S ool b
(MPWKL)” oy 0135 b s ¥=SsS 0 3ol gy 31 (Y+10) oylSo 5 oMl 5 (M) ° iz leMbT g, 51 (Y+NY) Sl i) (e
oa3ls 5 (PWEDI) " ey 0y b (B jrad a3 ls (V41F) Sily 5 S35 el 2 ogMe a0 00 (GDI) ey prass Jo 3005 (a3l
(ISD) piglism i 2S5 (o315 (V417) oy 5 (2o (izpo 3l dnusgi |y (PWACDI) " oy 05 b o gl 53 (3L 58
K38 (Byma )

CAT ot 3. (Y15 «Sly 5 S5 V10 o555 ¥+ -4 oK) Cansl Sl B3l glovyin )5 CD-CAT 5 oS slaas 31 S
(IRT) gy Sy 15 sl 2 Bdos Lot pg0 () 2 Gy (555055 (slajls @0 b oy (2o Sl b5l (sl o) J ilisen gl
gt 1y o Kaimgs deg (Sl 05 opl ) w39y pogae CD-CAT ane; j3 clisis (Jlocpl b osilosds Ly CAT s cslalllas 4o
5 L 5 3 5 Wl e 3)5lp1 clo i) 5 i lsh b s S e ymale sl «lbao Sisi ygzman g38xt ol ol 03,8
CD- 55 G ol 4 sl (505 €85 18T &y bt «Jloes S5l slaiy s3] Lol Cam o S o ST (Y+10) 55 sl 35 )
ool Caponl Bl MalS 55 CAT

5 Slesuss tsfl?»})] mlm&ls 9 ULA& Ja:‘)m 5 Lmdi ).Sl Lol ex5loss u}l)]o CD_CATLSI){ (8D L;me:i”ﬁl 4>)§| ‘)351 L;LQJL» 5
o 9 ety 0jla s oo LB ()il g lio dla Sl CudsS (g3l Jsbo dler 5l cilisee Laulps )3 Loty oS0l duslie 4 adllae
oo wulas b ¢ imgs o)y waib o SHE  PWKL PWCDI PWACDI MI MPWKL KL JSD HKL GDI L
A pcalio y90jl Job g yieS dmslxe loj cogllae (o6 Sb3L 5 slyls a5 olaei oS B ol oad (W caliste zolaw 53 005,SD
sl ol s KL (el 680 45 o 3 ctitn g o3k ¢ a5Vl glys MPWKL 4 JSD o wisls ot gults s bl
» GDI g MI (clavgi )63l opiomans 93,5 oSl b3 &5 3gu0 0 yoio (y905] Jsbo g byl CuS ialidl aiisly (o pcims 3,Slas
Al 1s 5 Veb 4 (33ls Slas sl il58l (Sod (gow 3l L 355 5l s yiae 3,Sles SHE wens b Job b (slagygosl bl
sl 1y O?"ﬂ J9Jo u.:)mb;]SD ‘OLff" Oﬁl JRENTRI S Oyaﬂ J}Io u».:alf ceb Vb cwasS' L LSL“J:“").’,. d)ﬁf)lfdg PLe Lfll> FERAWCISC 303 09@)'1
MPWKL 9 ML’?U: ULO) U")‘“AS GDI W‘“)?ill ‘009@ U"l ) .)9) ol).o.b dwwl}bo UL:) u,u;l)ﬁl 9 Lﬁa9§“ u"l’)l’ C); UM_QK Lv Slas dlass uMJl)B‘
Ol b 5S35 oy Lot )80l 3 )Shoe cigal Jobo g oy CadsS il b ooy ol olaidl 33 4 1) dvsle oo oy e
A iyl (Bl cats slagigeil (b g Ghieel (giluaingg 2 gl SIS Al o lnadly

(358 £ youd 3312) (2 505 (3938 -F
oy ol 5 e (@ i) 08595590]] 2 Sitio &y p5l 2 (CD-CAT) s et (5 igugels” (Bl tomias (Lol (295
(552l 2.8) odisdy903] Siblas
@; = (1,0,1,1) &)lee dw sly Moo ans o ol [y K Slio 3 1 odigy90)] baled Condy 45 29393 3y g
¢ o Dyge L o, lee b Slaw JS sl K
g algs 2Kl ol shis wylae K gl o ((cilise (slagS) bablus s clacdls (6,)iS0 ket 2L
0Sbe b (MAP) Y iy i (MLE) ™ gloscuns s aitin slasig) 51 olgise o g gl Jolpe 53 ©)lan & o () 2502 12
osled Jgoss Bilboe @l cpl g oo i LY @)) " ploscn s @b asly 2 lasbyy cpl don 3,8 oslisal (EAP) “)lLasl 5,90 (s

135 e ole 25 9o (%)

1 Shannon Entropy (SHE) 8 Post-Weighted Cognitive Discrimination Index

2 Kullback-Leibler (KL) (PWCDI)

3 Posterior-weighted Kullback-Leibler information 9 Post-Weighted Attribute-level Cognitive Discrimination
(PWKL) Index (PWACDI)

4 Hybrid Kullback-Leibler information (HKL) 10 Minchen and de la Torre

5 Mutual information (MI) method 11 Maximum Likelihood Estimate

6 Modified Posterior-Weighted Kullback-Leibler 12 Maximum A Posteriori

(MPWKL) Method 13 Expected A Posteriori

7 Generalized Model Discrimination Index (GDI) 14 Likelihood Function

Method

V=YY () Y VP F L by ity i cole dlzzo VAY




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

(%) L (Ylay) = T8 P(Y; = 1]a)¥u[1 = P(Y; = 1|a;)] Yy

warly cpl

(el sl - oo ol glp ) J S a1 0sipdigef] Gl 1Y

Q) s 59 2 ©90 3 g & mmo ey Jono): P(Y) = 1]a)

sl 0305 geusly o] 4y b gl o b oigih 505 &S asla Jlges 31w £ J (1)
25 gt (0) o)led Jsarp il (958 sladils " @jg5 P(Ac) lao by @iy 5855 i 0 b g e plesun) @b 0l

3930 3591
K
() P(a,|Y) = L(Yila)p(a)/ Xi=1 L(Yila)p(ac)

b)l.«.f} ‘SL&J%)S 2 W)Jdu (EAP) )Uau‘ .))94 Oyt wi;h.n 9 (MAP) Oy W ‘ (MLE)‘;J‘.AAW).) d..u.m.u dl!b)f.))ﬂ): o
: 5loss iy (A) 5 (V) %)

(¢)  ML(a;) = argmaxg, [L(Y;|a)] MLE 55,

() MAP(a;) = argmaxg [P(a|Y;)] MAP 55,

() EAP(a;) = {P(a|Y)} Xicq P(a|Y)a Homes 0S3ke) EAP S5,
ol 2 aS

Ak ash bl Kool 51 5,8 Sl Jas!: g
1 L;9§” Jalw}‘)lb).g )l (:lk )‘..\iin: aix

0 2o 3,11y 4l S b Ygomn Jloin] gl tnson 6Kl 1 S o oy 1 gisgnj] bt g i EAP (55,50,
(VXY hlSan 5T yg) S5 s0 yrds

3590 okigdygeil caiailo o |y o] 8l l3ee g 03,8 aunlie 0, L1, EAP g MAP MLE g, s (V1)) "Sily 5 yusm
2 Joo b ol alie Lyys (MAP) o y8lis 5 (MLE) slaicasys y8lis sl ss, 5,5ks a5 3y olis gols 5305 518 )y
o] s pdymds gaw & placisesl 0 2l by, plo a5V <> (EAP) ppay :Siko by« slaciun IS (sainaiibs
sloig) L EAP Sl osslcussa clos gl o g )blins clocsglis sl (1San uidl Y ot g G330 sl el o5 Sloj ilo) ol oyl
595 ssalis MAP ,MLE

2ol Slageel b1y Slsben cnyide & and e Cund bl 1 580 4 ) odisdpgeil o CATSI ploze o2, Jgeas CD-CAT
S o 43,8 Gl Jlas! (EAP L MAP) g0 L (MLE) ol )y slaig, 5l s pmSopme b el 3 cul 135,05 (9051 (sla e de gome
sl & 05903l aleg )3 5 Bgd e iy Ol 1 blus Sl (63,80 pamie (SlagSl b ladil ol 9500 2502 (y5iSe slaaib |
LY ) an 9 5) Db 1) 3l Jleis] o it oS Wb o anass

5w CD-CAT 5 o cewl ) CD-CAT 5 ol Job slaygojl b (oolis paweis cla s 1 9:Ke diib 3,91 oy ol cigls
il 3 059 o odltwl (cim Jlgw bl jolateds oV lais] ol g 39 0 (Sl yjeyd calise Glids 45 3% cogie Jleisl ¢ Jlgw o 4 gl
280 s b lgus oled 4 (@3Ful | ey 5 )L 18 35l nl e slaigeil 3 &S o )3 ams o &, CAT o ol alie

o le o3l 09 5 gl @l s 51 aS 315 dgmg b Jie 5l (e3umie glgil (CD-CAT alesjl (CDMS) 3l pawseis (cla o )
bl oo gl YU Jlainl cwS (gl &Sl ogd 0 guone TsSign Jio S5 DINA s Wgad Hlaieds Ll oy S0 b g8
i bS5 b s S sl il s 5545 61 35 30 (5,503 (el sl Joe oSy ) 1 54 50 53 g e 51

1 Posterior Distribution 4 Conjunctive
2 Sorrel 5 Disjunctive
3 Huebner & Wang

YAD WISIAY (1) ) Y FeF L 5 g, (o ool dloe




OS2 g liwgs (Ulg3

palp (5 b oleicanys s clabg, 1 oslitul b ) (15 bls aiibo 35l ISl b Jae ol (ooles (Jl o) L ilesglaze DINA
(VoYY ald g ug) il oo
g oasls —0

K30 990 ol 4 pubitane jguody (S8l Slisiss Lol wlosd @) g5l bb oloj e (sl ilize (slasleuig CD-CAT s
hlSan 595 VN ¢y Son 5 Sy ¥+ 04 o Siz) b 54 CAT (sloptiaes (S0 53 o Cal b Jsbo g ondarslis gl by 5l (S
1345 soolan 33,5 @) sl § st slias 45 Jlaj b B9 0 ] CSatrcSy i s g (bl gt b Jlgus cLsy 2l 3 Y+ oY
e 01imdg03] 1o (sl ol 2l by JBlas 4y (sl (0 1125 )5 (ig0i] (IS 1 sasitans b o 0 eanlio 5 CAT
Sy oseil Dloy g3 g 4 a5 b Sglite slacds b olacauaib 4y cul (See g, cpl L CD-CAT (sl s )3 5,8 o5
Sy 5l gy s Maw 4 538> (sdudib gl b Sogeil (B oS sl o Cols pl cle a2 oo )48 b cou 1) Gilisee o 539051
Hgd oo sudih (ogpd iculie lalhw I JSasS (Slasgemanj b K03 (Sp &S Jb

390 $Bd Jao b o Jolos g Jlgus Sl S 4y St 35 CD-CAT o i jlone G gio0gw (0 CAT siilon ¢ jasetio jgbou
5 sasie dag a5 b e bl Sloj gesl i Jobo el 3 il yuiie b ol Jobo (s wilg o CD-CAT acliy < )l oslizul
ATV g 8l cagg) B0 03¢ 09931 4058 (el 6 gkt lsB ) it Jobo L (lmaliyy ¢ Jlio )3 355 &) (3503l yo 4, o Jlges
S35 5 15) ST iBge ) dialB pliabl ) e g )3 Wil & (g sl gasl anils (gl pdyllanil 6 S el gy
(¥\a

Iy csgoil 45 3,8 oalil g8 51 (Yoo ¥) S ghgmali o Jlto lgieds dilonis oo (edaxie LBy (yilgd pwiio Jobo L CD-CAT (olaygejl 5
lriing 039> cul 3 58 (VIY) hlSon 5 Tguud sy <A & Slio (S 5NN S0 2 (39031 B (g Jloiol 5 55 o0 g S

1250, Slpuiy ywite Jgbo L CD-CAT (gl iy 935 95 9 xidly plox]
IV S asiia ke Sy oS ((San 955 Sl plas slan ) g ooy 45 3980 Bgia i cigesl 1yl (198

(VNN I g gl Cig) 48l + /N il 0By ey 1y S (olae b 308 1L 35 oy Sl (093 (J3l Ly 938 9> (988

Jessl a5 50l assls Sloj 905l 45 sl oyl g, cpl 5l (S Sl Sl e Jobo b 9051 bl sl Log, > CD-CAT s
oy olg5dd O ygody e cpl & Ll I (Ve e Y dSgusl) il /A wle pastiie ke i b plp b )l O e 4 Sge)l Gl
Yzl e ol il a8 ol o 235, Slaidin 1y +/Y lade YO Jlo o i Ka 5 gud (Jlie (sl 91 3939 o i el 02945 o0
s bl B (9 e 0,845, ol w290 ygeil (s elsS el o Shals 4 oy b dals e g0l Jsb 33l 4
S0k ol Jleas! a8 b 5 ccanl 5l0als 505 oaimd )l aids G (sl YU Jloisl CD-CAT 5 .ol CAT (slo g0l 55 ol 3,155kl
ol (gSe srabb le )3 Jlser &5

35 gy i (YY) oS 5 e b by b Sl 5 988 STy (Dt (V) S iets ] om 5
Jlein] ynogd aSb b o ai8)S a5 1>y Jloin] o YL S &5 &S (g yebods g aBgi 958 4 (o)Lt pad Jlude S 3938 ol 4 Mol
Ciosi st |y Sib &S Jlozs) 58 Wlgico s shno cnl dagl sl &2 w3l (/) Mao) s pgo jlaie (5o b yioS b 3
Ol i) 53 39, 00 ] (Yo YF ol 5 ug) Amd ) (6 53lAS 5 3 )laal5 (clos S o o3litial Jline S I s &S ony 55 & s g S
D9 duslie 390 yiled L CD-CAT wliiss j> g o )] 35 (6,505 iy

o by o3 Ls ol el g eamd o )] Josd L8 5 Shos ¢ alyy 5 b L ) CD-CAT 5,855, 45 wlosls oLt cilises clalllas
lodiss 3990 Sl el s 5y 151,55 o oS 6Vl Sz st ol b ol 03,58 ooyl 5 65 15 sl
(VoYY o 5 ) Wlod s 050 dails aelsh g Jlges sl egjlo o assle CD-CAT a8’ cloailge ,> 26 bpnd

'(Y'Y' ‘u’l"’ 9 J*39])> 5,0 299 alols ‘6‘3}9“1 6“%*“') 9 ™) dL‘z’Oﬁ“}T » l"’d)?bj C)’..l J"K P"ébl b oy ‘L‘z""s)““’ O’..l IV“)‘l“
Sromals Uil o (e, ol gefl il (igalim ol 53 (sladlas g o ingh el plxl oy b oS Canl (S5 LS cpwinen

1 Guo & Zheng 2 Hsu

V=YY () Y VP F L by ity i cole dlzzo \'




(CD-CAT) 58U _ouanbends (5 5 gmpols’ SLbl yhoian

by y3 eSS f Sitinghy g 435 )18 390 dx g5 3y90 (193 ] 3 0jg> ol cal 48,5 0 j90 (CD-CAT) i3l parsss
LS SaS 198 5 o) s syl Mg 5 sole dnost 4y Bty Limgfy ol ool Agsl I I 35S0s) cl okl (y90]

CD-CAT 5 olpa! by g 413810 5
oSy oy )3 &)lBley 5 s)lel syl ) slasgarme LD-CAT Csz )l 5 (BLb ot lodss S50 siluedly sl
(oo ol 53 A8 oo &l (6,84 patie (glaabl walitwl 3y50 (slaodly g4 g ¢ pylS aast pdaw ¢ ol CBua b Canlite « S5 ya 4S5l )8
ol 29y sloday CD-CAT (goj90 5 Jilos slaylil o gt o 51 (o R (o)l381 o3 Lo 5 GDINA (goglaionia § 10058 (et
Julos g o Blbail (ela yg05] (o5lwans (slya! (G-DINA 4 DINO DINA (olo Jso 355 o5 cuS uoyilo (65lo o wiile  SUIS! ditun
& o Bly slaodly Julo (> (g piscillanil g Y s yiogMe GDINA (Yo¥-0 Y0,5Y5 g Lo) dmd 0 JL3 4,8 ,Lasl 3 1) Sps clag o

S gilwosly g (b (bigal b ptmgh il b caslite | (ygejl (BLb HlSle amd e Sl ] SKitimg,
prich izaj cpl 3 a8 o Wl CD-CAT (slagygejl (silwosly cuidye ;3 (salS (i85 55 olp] (slayim (lilos (slalil Jls”
& PHP R gasbyy sl ab » g ol 0g p (e (SUail slagygojl (sl g 2k sl bt ailelo S a5 Loncerto
it (Lol slayges] o pie g Ll ( Sl Sl il drwgi sl gy o mgiaalp b; Hypertext Preprocessor ciise.

il w8 ooy (S s e |y peec Sl

Sl @ S SlS oyt (xudly) oj ol Singhy ly cuslie BI 4 1,0 LLONCETTO diny )8 bama 5 ,Vgile )b
3 ot sl 5l S laieds guymeS ol g pols b 50 dilobs ol ol 03,5 s s gy wlide )3 45y ol yg05]
sl 005 (Byme Sl (g0l dive

5ol 05> )3 enzmy slodilos (sl (FIEXMIRT) " aussiar groly Moo 4y ks judgillanil (g5l Jio &y )133lp 5 cpizeon
o )3 oold (o 3l nl 31 S 25 (om B o3lil 390 385 (el slagygel] (P 5 S 5 dugy Slao 3)5] cgam
(VY T 29500 Cogume iy g objgel (slalame )3 CD-CAT (gl pumlio (g5locsr )

S 5 4ol g G

ity b ) (CD-CAT) (Blspais ¢ smels (Bulal Giomis 3)S9) ol lip)  wiopllss 5 qale 5950 callio ol 5
Slodl Jlos 8,5 518 (g 390 965 puple Sl 5 paseis b g (Jlhw Bl lagi oSl iy sl lee aile (olaadlie
390y g 95 yile Hlle il selgd s olaadlie (ISS) Jlgw bl clapimms p suxto Sladlae 18 403 939 b S sls s Limgh
2 Jl ortma s g LS o ol o] Sldllas (sl ot (Sl otingly Yo ) WIS 15 dag )0 1S (IS 9 D)lae lojen
3l CD-CAT (lacud bl aie oo 3 i (il lion (2093 il cul ol o> (ol piepls ganugs

iy cuslin sl wlalST bl o 5l ol CDI g KL SHE MPWKL JSD GDI s g ol (sl o) gl
lapinyp s (B o)l S 5 cgnil Jobo csinae €83 00 sl (6 (US )58 b L sy 183 D) (9051 B
s Jse lp CDI 5 GDI sl plajedls 4 b )3 )l gy 3,des 9051 cpjlél oy ,5 03900 PWKL s MPWKL sl
2)lpl R b )5 GDINA wi5)08 gty a8le ol2) (slo i g a)ljiley (Bymo csospie slailos IS ) il bosomy
oyimgy ly |y CD-CAT (¢l slles jlulnis FlexMIRT 4 Concerto sl ! clawbls 35 9 mirt 3 CDM sl
1y sgprecdlis (Bl (slaygo]l dng yomms 5 03,5 Jugeus |y 2] e 42 (6 yba5 ans 513,809, el JUal dl3sl ol 51 s S ope 58 iybs,
Gl Bl 3l g0n

il wal B 1) j5mmad8 g 58> csaniy Gloxis (Sl (g32-ale (slagygeil LIRT pr itie (s (slogygejl b auslia ;> CD-CAT
oo j) 55050 1t CD-CAT 5,855, i oo osiny (339051 IS 2155 j) 6amy 2512 4 s o5 CAT siilo s (slogygoil S
(Y ESile) ajlo e pald 1) 281 (BLd (glac)lee jl amiin (slag o gl sl Sl 8 il Jld Lo g (BUS arsets
sl lapasts 5 olg) Cedlw ulidlyy (bigel laoje 1 S5 sloan] 1 CD-CAT 39y 00 jlasl dacudyls cpl 4 2255 L
slagionin cudS ) caa il (S 0,y ol Gileedky 5 s 2k Jgol b plansie okil by e 2K

1 Ma & de la Torre 4 Cai

2 Open Source 5 Chang
3 Flexible Multilevel Item Response Theory Modeling

Software (FlexMIRT)

YAV WISIAY (1) ) Y FeF L 5 g, (o ool dloe




OS2 g liwgs (Ulg3

LS)L‘*’LJV)] P 9).wu.) dlm.))i)?) )‘ u.i) & u.\wJJJu Jl> P CD‘CAT & A2d 0 u‘.m} )AJ )A>l J..\A‘DUQJ 290 J..blyw Ll )Pmb.)].) 9 )9’“0""“"]
ol Gl el sl Jls )3 i 5 (Sigel Sla syl o ol s 295050 Bl g Sl jomasls g iadon

C 335 5 08 s ilo jlid Lo caBgr aelsd ASle oud y5olS eSS (sladdlie iy 35405 b ods] Slalllas &5 29 o0 Magud «Coles 5o
o 3l L5 4 295 yoxin olaiigail (Al 4 Wlg e ool (Kijd il )3 endilueg laLingh (mitmen S plxl 05 O lojen
dimd g gl 35 e slajl 4 aSl o pine (el
S35 ol
WS o Sy Waly dlpiudiy puol dalllas glgizee 0)lyd (giare Cllas ST JLS I By e
W OlbaMo
Coley Cusyd mlio 3 9 (g)b colol alas 51 BMEI 5150 3529 b il o (Sl BaiS S i Jolis g 039 Sludl jgp0 3 siine dalllas -y

] 0L

S o

Kooyt Sape o Culos WigSaun I pole 55 5 00D el Bdieng b Lol ygba dllie (555 5 Singh wl pldl sbadizja
Cl ab%.i
OB Ny 8yl

5 oolee Bany g bl bbbl lgicds pow g pgd B diss 9 Canl (6555 (sl Jgl ot gp .Cuwl (558> dllusy 5l ad )5y dllis oyl
Slash eS8 lie dlwy cpl > Gidgh sole olylie Glgie 4wy
&lo (o )le5

Wl (Bl o)l AgS g &S Wb o pMel B g

&b
o o3zl b sl s b el s 13 eV i iy (sl o (CDM) 53 s s i (WY
(SUblb aode olKtils g 55> (gl 9 5350 ligol i Sl (sloclpo duglio g RUM) s il szl b 2 )L

References

Andrade Medeiros, A. M., & Muniz, C. A. (2022). Mathematical learning difficulties: a subjective
production. The Mathematics Enthusiast, 19(1), 28-54.

Asiret, S., & Siinbiil, S. 0. (2024). Investigating The Performance of Item Selection Algorithms in
Cognitive Diagnosis Computerized Adaptive Testing. Journal of Measurement and Evaluation
in Education and Psychology, 15(2), 148-165.

Bi, H., Ma, H., Huang, Z., Yin, Y., Liu, Q., Chen, E., Su, Y., & Wang, S. (2020). Quality meets diversity:
A model-agnostic framework for computerized adaptive testing. 2020 IEEE International
Conference on Data Mining (ICDM).

Boussakuk, M., Bouchboua, A., El Ghazi, M., El Bekkali, M., & Fattah, M. (2021). Design of
Computerized Adaptive Testing Module into Our Dynamic Adaptive Hypermedia System.
International Journal of Emerging Technologies in Learning (iJET), 16(18), 113-128.

Cai, L. (2017). flexMIRT® (Version 3.51) [Computer software]. Chapel Hill, NC: Vector
Psychometric Group, LLC.

Chang, h.-h. (2014). Psychometrics Behind Computerized Adaptive Testing. Psychometrika, 80.

Chen, P, Xin, T., Wang, C., & Chang, H.-H. (2012). Online calibration methods for the DINA model
with independent attributes in CD-CAT. Psychometrika, 77(2), 201-222.

Cheng, Y. (2009). When Cognitive Diagnosis Meets Computerized Adaptive Testing: CD-CAT.
Psychometrika, 74(4), 619-632.

IVI-NAY (1) Y P ¥ L by Sy oo (cols dlxo YAA




(CD-CAT) o8l caueuisi (6 35 gl GBlbail yiiorians

Cohen, ]. (1960). A coefficient of agreement for nominal scales. Educational and psychological
measurement, 20(1), 37-46.

De La Torre, J. (2009). DINA model and parameter estimation: A didactic. Journal of educational
and behavioral statistics, 34(1), 115-130.

dela Torre, ]., & Douglas, ]. A. (2004). Higher-Order Latent Trait Models for Cognitive Diagnosis.
Psychometrika, 69(3), 333-353.

dela Torre,]. (2011). The Generalized DINA Model Framework. Psychometrika, 76(2), 179-199.

Guo, L., & Zheng, C. (2019). Termination Rules for Variable-Length CD-CAT From the
Information Theory Perspective. Frontiers in Psychology, 10, 1122.

Huebner, A. (2019). An overview of recent developments in cognitive diagnostic computer
adaptive assessments. Practical Assessment, Research, and Evaluation, 15(1), 3.

Huebner, A, & Wang, C. (2011). A Note on Comparing Examinee Classification Methods for
Cognitive Diagnosis Models. Educational and Psychological Measurement, 71(2), 407-419.

Jafri, S. S. M. (2007). Computerized adaptive testing using neural networks. A thesis presented to
the deanship of graduate studies in partial fulfillment of the requirements for the degree Master
of Science. King Fahd University of Petroleum & Minerals Dhahran, Eastern Province, Saudi
Arabia.

Javidanmehr, Z., & Anani Sarab, M. R. (2017). An investigation of the prevalence and difficulty of
reading comprehension's sub-skills by the G-DINA model. Critical Language and Literary
studies, 14(19), 99-118.

Jeong, H. (2014). A comparative study of scores on computer-based tests and paper-based tests.
Behaviour & Information Technology, 33(4), 410-422.

Kaplan, M., & de la Torre, ]. (2020). A Blocked-CAT Procedure for CD-CAT. Applied Psychological
Measurement, 44(1), 49-64.

Kaplan, M., de la Torre, ], & Barrada, J. R. (2015). New Item Selection Methods for Cognitive
Diagnosis Computerized Adaptive Testing. Appl Psychol Meas, 39(3), 167-188.

Li, Y., Huang, C., & Liy, ]. (2023). Diagnosing Primary Students’ Reading Progression: Is Cognitive
Diagnostic Computerized Adaptive Testing the Way Forward? Journal of educational and
behavioral statistics, 48(6), 842-865.

Lin, C.-]., & Chang, H.-H. (2019). Item Selection Criteria with Practical Constraints in Cognitive
Diagnostic Computerized Adaptive Testing. Educational and Psychological Measurement,
79(2), 335-357.

Liu, H.-Y, You, X.-F., Wang, W.-Y,, Ding, S.-L., & Chang, H.-H. (2013). The development of
computerized adaptive testing with cognitive diagnosis for an English achievement test in
China. Journal of Classification, 30(2), 152-172.

Liu, Q., Zhuang, Y., Bi, H., Huang, Z., Huang, W., Li, ]., Yu, ]., Liu, Z., Hu, Z., & Hong, Y. (2024). Survey
of computerized adaptive testing: A machine learning perspective. arXiv

Liu, Y., Zhang, T., Wang, X, Yu, G., & Li, T. (2023). New development of cognitive diagnosis
models. Frontiers of Computer Science, 17(1), 171604.

Luo, F.,, Wang, X,, Cai, Y., & Tu, D. (2023). Two efficient selection methods for high-dimensional

CD-CAT utilizing max-marginals factor from MAP query and ensemble learning approach.
British Journal of Mathematical and Statistical Psychology, 76(2), 283-311.

Ma, W., & de la Torre, ]. (2020). GDINA: An R package for cognitive diagnosis modeling. Journal
of Statistical Software, 93, 1-26.

Magis, D., Yan, D., & Von Davier, A. A. (2017). Computerized adaptive and multistage testing with
R: Using packages catR and mstR. Springer

YAQ WISIAY (1) ) Y FeF L 5 g, (o ool dloe



OS2 g liwgs (Ulg3

McClelland, T., & Cuevas, ]. (2020). A comparison of computer-based testing and paper and
pencil testing in mathematics assessment. The Online Journal of New Horizons in Education,
10(2), 78-89.

McGlohen, M., & Chang, H.-H. (2008). Combining computer adaptive testing technology with
cognitively diagnostic assessment. Behavior Research Methods, 40(3), 808-821.

Minaei, A. (2012). Modeling the cognitive diagnostic assessment (CDM) of TIMSS 2007
mathematics items among Iranian eighth grade students using the reparameterized unified
model (RUM) and comparing math skills of male and female students (Doctoral dissertation,
Allameh Tabataba'i University). [Persion]

Ravand, H. & Baghaei, P. (2020). Diagnostic classification models: Recent developments,
practical issues, and prospects. International Journal of Testing, 20(1), 24-56.

Riley, B. B., Conrad, K. J., Bezruczko, N., & Dennis, M. L. (2007). Relative precision, efficiency, and
construct validity of different starting and stopping rules for a computerized adaptive test:
the GAIN substance problem scale. Journal of applied measurement, 8(1), 48-64.

Rudner, L. M., (1998). Item Banking. Practical Assessment, Research, and Evaluation ,6(1): 4.
Rupp, A. A, & Templin, ]J. (2008). The Effects of Q-Matrix Misspecification on Parameter

Estimates and Classification Accuracy in the DINA Model. Educational and Psychological
Measurement, 68(1), 78-96.

Rupp, A. A, Templin, ]., & Henson, R. A. (2010). Diagnostic measurement: Theory, methods, and
applications. Guilford Press.

Sessoms, ]., & Henson, R. A. (2018). Applications of diagnostic classification models: A literature

review and critical commentary. Measurement: Interdisciplinary Research and Perspectives,
16(1), 1-17.

Sorrel, M. A,, Abad, F. J., & Najera, P. (2021). Improving Accuracy and Usage by Correctly
Selecting: The Effects of Model Selection in Cognitive Diagnosis Computerized Adaptive
Testing. Applied Psychological Measurement, 45(2), 112-129.

Sorrel, M. A., Néjera, P., & Abad, F. ]J. (2021). cdcatR: An R package for cognitive diagnostic
computerized adaptive testing. Psych, 3(3), 386-403.

Su, K. (2022). Implementation of a Diagnostic Classification Model for Middle-School Physics. The
University of North Carolina at Greensboro.

Tatsuoka, C. (2002). Data analytic methods for latent partially ordered classification models.
Journal of the Royal Statistical Society Series C: Applied Statistics, 51(3), 337-350.

Tatsuoka, C., & Ferguson, T. (2003). Sequential classification on partially ordered sets. Journal
of the Royal Statistical Society Series B: Statistical Methodology, 65(1), 143-157.

Templin, J., & Hoffman, L. (2013). Obtaining Diagnostic Classification Model Estimates Using
Mplus. Educational measurement: Issues and practice, 32(2), 37-50.

Tsaousis, 1., Sideridis, G. D., & AlGhamdi, H. M. (2021). Evaluating a Computerized Adaptive
Testing Version of a Cognitive Ability Test Using a Simulation Study. Journal of
Psychoeducational Assessment, 39(8), 954-968.

von Davier, M., & Lee, Y.-S. (2019). Handbook of diagnostic classification models. Cham: Springer
International Publishing.

von Davier, M., Cheng, Y., & Cheng, C. (2014). Multistage testing using diagnostic models.
Computerized multistage testing: Theory and applications, 219-227.

Wang, C. (2013). Mutual information item selection method in cognitive diagnostic
computerized adaptive testing with short test length. Educational and Psychological
Measurement, 73(6), 1017-1035.

WA (1) Y Y FeF . 5 g, (ioriaw ool dloe 4.



(CD-CAT) o8l caueuisi (6 35 gl GBlbail yiiorians

Wang, C. (2021). On interim cognitive diagnostic computerized adaptive testing in learning
context. Applied psychological measurement, 45(4), 235-252.

Wang, C., Chang, H. H., & Huebner, A. (2011). Restrictive stochastic item selection methods in
cognitive diagnostic computerized adaptive testing. Journal of educational measurement,
48(3), 255-273.

Wang, D., & Tu, D. (2021). The application of cognitive diagnostic computerized adaptive testing
on diagnosis and assessment of psychological disorder. Jiangxi Normal University, 45, 111-
117.

Wang, S., McCall, M,, Jiao, H., & Harris, G. (2013). Construct Validity and Measurement Invariance
of Computerized Adaptive Testing: Application to Measures of Academic Progress (MAP)
Using Confirmatory Factor Analysis. Journal of Educational and Developmental Psychology, 3.

Wang, Y., Sun, X., Chong, W., & Xin, T. (2020). Attribute discrimination index-based method to
balance attribute coverage for short-length cognitive diagnostic computerized adaptive
testing. Frontiers in Psychology, 11, 224.

Weiss, D. ]., & Sahin, A. (2024). Computerized Adaptive Testing: From Concept to Implementation.
Guilford Publications.

Weissman, A. (2016). IRT-based multistage testing. In Computerized multistage testing (pp. 191-
206). Chapman and Hall/CRC.

Xu, L., Jin, R, Huang, F., Zhou, Y., Li, Z., & Zhang, M. (2020). Development of Computerized
Adaptive Testing for Emotion Regulation. Frontiers in Psychology, 11.

Xu, X., Chang, H., & Douglas, J. (2003). A simulation study to compare CAT strategies for cognitive
diagnosis. annual meeting of the American Educational Research Association, Chicago.

Yang, J., Chang, H.-H., Tao, J., & Shi, N. (2020). Stratified Item Selection Methods in Cognitive
Diagnosis Computerized Adaptive Testing. Applied Psychological Measurement, 44(5), 346-
361.

Yu, X, Cheng, Y, & Chang, H. H.(2019).Recent Developments in Cognitive Diagnostic
Computerized Adaptive Testing (CD-CAT): A Comprehensive Review. In Methodology of
Educational Measurement and Assessment (pp. 307-331). (Methodology of Educational
Measurement and Assessment). Springer.

Zheng, C. (2015). Some practical item selection algorithms in cognitive diagnostic computerized
adaptive testing smart diagnosis for smart learning. University of Illinois at Urbana-
Champaign.

Zheng, C., & Chang, H.-H. (2016). High-Efficiency Response Distribution-Based Item Selection
Algorithms for Short-Length Cognitive Diagnostic Computerized Adaptive Testing. Applied
Psychological Measurement, 40(8), 608-624.

Zheng, C., & Wang, C. (2017). Application of Binary Searching for Item Exposure Control in
Cognitive Diagnostic Computerized Adaptive Testing. Applied Psychological Measurement,
41(7), 561-576.

Zhu, Z., & Chang, H. (2021). Application and prospect of cognitive diagnostic computerized
adaptive testing. China Examinations, 1,41-46.

143 WISIAY (1) ) Y FeF L 5 g, (o ool dloe



