14(56), Summer 2024, 43-68

elSSN: 2470-6240

Received in revised form February 13, 2024

Accepted April 30, 2024

Received December 07, 2023
Published Online July 05, 2024

ISSN: 2252-004x

Article Type: Reserch Article

Educational Measurement ATU
https://jem.atu.ac.ir/ bpd PRESS
Determining the Cut-off Score of Criterion-Referenced

Tests Using Non-Parametric Estimation Methods of the
Youden Index

. Ph.D. Candidate, Faculty of Psychology and Education, University
Maryam Parsaeian of Tehran, Tehran, Iran.E-mail: maryam.parsaeian@ut.ac.ir
Corresponding Author,Associate Professor, Faculty of Psychology
Ebrahim Khodaie * and Education, University of Tehran, Tehran, Iran.Email :
khodaie@ut.ac.ir

Assistant Professor, Faculty of Psychology and Education,

Balal 1zanloo University of Kharazmi, Tehran, Iran.E-mail:
b.ezanloo@gmail.com

Associate Professor, Faculty of Psychology and Education,

Keyvan Salehi University of Tehran, Tehran, Iran. E-mail : keyvansalehi@ut.ac.ir
. . Assistant Professor, National Organization of Educational Testing
Sima NaghiZadeh (NOET), Tehran, Iran. E-mail : s_naghizadeh@yahoo.com
Abstract

The Youden index serves as a frequently utilized summary metric for Receiver
Operator Characteristic (ROC) curves, which comprehensively measures the
effectiveness of a criterion-referenced test while also unequivocally defining the
cutoff score value for the test. The primary objective of this research is to compare
and assess the efficacy of three empirical non-parametric estimation methods:
kernel with Silverman's bandwidth method and kernel with maximum likelihood
cross-validation bandwidth method in determining the value of the Youden index.
This research also incorporates statistical measures such as bootstrap standard error
(BSE), root mean square error (RMSE), square integrated error (ISE), and mean
square integrated error (MISE) to evaluate the performance of these methods. The
dataset used in this study consisted of scores from the different sections (grammar,
listening, reading, and writing) of 461 participants who took the Tolimo language
proficiency test, which was developed and administered by the National
Organization for Educational Testing in Iran. The findings indicated that the kernel
method with maximum likelihood cross-validation yielded a higher Youden index
score. The following cutoff scores were achieved: 479 for the kernel methods and
465 for the empirical method. Based on the assessment of performance indices,
kernel methods, particularly the one that incorporates the optimal bandwidth
through maximum likelihood cross-validation, yielded highly reliable estimates.
Thus, they provide dependable values for the Youden index and its corresponding
cutoff score.
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1. Introduction

Youden's index is extensively employed in medical diagnostics and
patient categorization. However, there is a conspicuous scarcity of
research in the educational realm focused on ascertaining the optimal
criterion-referenced assessment threshold. Non-parametric estimation
techniques are frequently used for calculating the Youden index,
necessitating an examination of three unique non-parametric estimation
methods (including two bandwidth approaches) in this study to
determine the Youden index for setting the cutoff score of the Tolimo
test. The Tolimo test is a well-established and recognized English
language test in Iran, designed and administered by the National
Organization for Educational Testing in Iran to assess the language
proficiency of students. Tolimo is an abbreviation that stands for "The
test of Language by the Iranian Measurement Organization™.

This study aspires to evaluate and compare three empirical non-
parametric estimation techniques for determining the Youden index, an
important metric derived from the Receiver Operating Characteristic
(ROC) curve. The fundamental aim is to identify the most dependable
method for calculating the cutoff score for the Tolimo test, as this
determination will have a significant impact on the test's interpretation
and have implications for decision-making and educational practices.

2. Literature Review

The literature review section of the manuscript focuses on the
methodologies utilized in determining the cut score for criterion-
referenced assessments. The article acknowledges the need for an
efficient approach in determining the cut score and highlights the
importance of the Youden index, which is a concise metric derived from
the receiver operator characteristic (ROC) curve, in this process. The
literature review lays the foundation for this investigation by
highlighting the gap in existing research and the necessity of identifying
a reliable method for setting cut scores in educational settings. Of
particular importance is the focus on studies that employ nonparametric
estimation methodologies.

According to the theoretical foundations and historical context of
studies such as Fluss et al. (2005), Ewald (2006), Leeflang et al. (2008),
and Hirschfeld and do Brasil (2014), the application of experimental
optimization methods to estimate the Youden index often yields highly
variable results due to the method's sensitivity to randomness in the
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sample. Moreover, in situations where the data exhibit normal
distribution or approximate normality, the application of the kernel
density method with Silverman's bandwidth produces more consistent
estimates of the Youden index compared to the experimental non-
parametric estimation technique.

3. Methodology

The research methodology section of the article outlines the approach
taken to compare and assess non-parametric estimation techniques. The
focus of the investigation is on three specific methods: the kernel
method with Silverman's bandwidth, the kernel method with maximum
likelihood cross-validation bandwidth, and the empirical method.
Various evaluation metrics, including bootstrap standard error (BSE),
root mean square error (RMSE), square integrated error (ISE), and
mean square integrated error (MISE), are utilized by the researchers to
assess the efficacy of these methods. The significance of acquiring
reliable estimates for the Youden index and the cut-off score in
criterion-referenced assessments is highlighted in this section. It
emphasizes the need for a robust methodology to ensure accurate
outcomes. The research methodology aims to address these issues and
provide insights into the best approach for determining the cut-off
score.

4. Results

The findings revealed that the kernel method using Silverman's
bandwidth produced a Youden index of 0.63 with a threshold of 479.
The root mean square error for this approach was 0.715, with a
bootstrap standard error of 0. As a result, the calculation of the Youden
index through this approach showed a high level of consistency and
precision. In contrast, the kernel method using MLCV produced a
superior Youden index of 0.75 with the same threshold of 479. This
suggests that the kernel method with MLCV offers a more accurate
assessment of the Youden index compared to using Silverman's
bandwidth, leading to a higher ability in differentiating between
qualified and unqualified individuals. However, its bootstrap standard
error was 0.039, indicating a small level of variability in the
approximation. The empirical method generated a Youden index of
0.31 with a threshold of 465. The root mean square error for this
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technique was 0.68, resulting in a similar bootstrap standard error of
0.017.

5. Conclusion

The findings of this study indicate that the choice of bandwidth
determination method in relation to the kernel method plays a vital role
in estimating the Youden index. When the data exhibit normality,
selecting Silverman's bandwidth for the kernel method leads to
consistent results; whereas, for non-normal data, it is recommended to
use the maximum likelihood cross-validation bandwidth to compute
and assess the Youden index in criterion-referenced assessments and
establish the cut score. Nevertheless, further research is necessary to
validate these findings and assess the effectiveness of these approaches
across different domains. This can improve the accuracy of individual
classification and reduce the incidence of inaccurate test outcomes. In
addition, it is important to examine the distinct effects of setting the cut
score on both individual and institutional outcomes, as this can help
inform the decision-making process regarding the determination of the
cut score. These efforts are significant in improving the assessment and
decision-making framework within educational and institutional
contexts.

Acknowledgments

The research from which this article is taken derives from the doctoral
thesis in the measurement and evaluation field at Tehran University,
titled "[Title of the Thesis]: Comparison of Benchmark Test Scores in
Deep Learning Algorithms and Selected Studied Methods: Tolimo
Test." This research was supported by Tehran University and the
[country's] Education Assessment Organization. We are grateful for the
Education Measurement Organization's cooperation in implementing
this research, as well as the Education Measurement Quarterly for
reviewing the article.



ISSN: 2252-004x

elSSN: 2470-6240
.k/\—f.“ g\i'r ;}L;«Ju go-\ GJLaui' L\i 093

253 Alis Al £

VECYN/YE 6 K530 Ayl OV Ee Y/ S il s 6

o 36

LY

REr FARCI R IY

AARAVEA VAT

B INEARA St (650l
z_% https://jem.atu.ac.ir/
Sy gy i odliiwl b x> 90 o étﬁd’&)"r Py O RS

YRy ug.o)T 1l s Oog el (S Jlybl é)gT).g

Ol (05 Ogs o ils S o3Il 5 ot nhy 65 g gmiils

. . Olo b sb
maryam.parsaeian@ut.ac.ir :asbL 1, Skl p

aabl, 0l Ol g5 Olgs ol&tsls Hltils o gns ok 3

* .
A !
khodaie@ut.ac.ir A epl

a1 Ol (05 e snil s o&sls ¢ pmys 500l 05,8 sl S0

b.ezanloo@gmail.com i ’

keyvansalehi@ut.ac.ir: bl 1, .01, Ol g5 Ol g o&tils Lt e 0158
bl Ol ol Olg 5 giS aienl o Olosle o ball .

bl Ol ;@)}m(w)y'wd) SER) ”Uu‘b~

s_naghizadeh@yahoo.com

s S

0357 &8 LS o2 & el ROC) 5 e (S35 oomie 12 shie 4Dl jlome &S5 D3y 5L
,wuﬂg,ul{dm,;iw.mdua"amoyjﬂ_;\ﬁbu;ﬂaﬁ;,\mﬁj,\w@b@fsw
L Glg Eas b s 5 Gepske Lb Gl By Lo es (oo LG 38T Gy 4w b3
Sl sl 53 ol o plonil 03 g1 el e dlous (51 (Lot s oSl filite i slze
(RMSE) st ila o o Kke 4y «(BSE) O 2l &g 51kl gl sla jasila s Shes b5
Slrosls 45 gazen sl ot o3lizal (MISE) an LSS sl Slay jo 5 Kks 5 (ISE) a )LSG (sl o
PO (oolia g 5 e oS53 gl el §) Caliben gla_tde Sl i Juls andllas ol 55 eslizals ) se
0555 3T e Olejle Lo g a7 dzbls OS5 sad 5 05 Dolgs 05a3T 53 & 2 SIS 2
el e 5115 gloitss oSl Blite et ltel b atn gy 457 55 LS gl s Ll 5 58
bodkeT Cans 0 P80 o2 Sy sl 5 PV atas Sla gy gl odteTwnas 5 5 Ol i 590 6 5L 05 g
oS Lo ol s slael gy Bl Sl Lo s aten o gy ¢ o5l Sl L J 5 B ool 4 a5

..ug;,.aﬁ;,o;ﬁua,’u;,t‘_;pm;\&u‘_gm,ﬂﬁ@ﬁu&m,;

LSUG" Al &:”JIA'JL:»L b)jiﬁ ‘Lﬁﬁ‘s &ijl'.a:\)bb é)ﬁ“ﬁ Wi ua;-u ‘Ui')f ojq.i I\Aajb»\._-ls
MISE 4 ISE « il 5100

e (\FeY) \A.:M" n:‘j& 9 Lb‘xf cLs"JLp 4J)M L}L.“}.L‘ gr.:a‘,:‘ ‘&Uﬁ- epd s[)L:’-.L.u)b‘b :dio Q?-' 4 Slaw!
_}a.:’jQ)ﬁ)TA&SUﬁ.A)J}&‘QJﬁ UA?L&Lgf"ﬁbl;_(bJJ_,TJ;Ls‘.ku:'})jeﬂuw‘bgfswébof)TJjAﬁ
https://doi.org/10.22054/jem.2024.77090.3508 SA-FY «(OFINVF ¢ 2o ' (o5 o 1t 4alilos

Sl wle oKesls Y415 ©

Sblb a3l o&ils :}3;15




VEF Ol | 05 oyl | VF oy95 | ae 3 @ Se3ll | £A

PRV
Ol 5o 2131 i sl 5 e 6 sl 4 5L BT e S (5la0 5o 5T
uaib ladaly 5 L e lady a4 S o ped () QSIS 3950 L S
uujgwl,,uL;J;iu.@upoyﬂagﬂa:&;ilra}g;.;,u;;ﬁ;\;l@,;u
23 125 80 (Sl a4 Sk Sty gy L 0saST S s (o
A5 53 b e s Ol e Ol 15 03a5T e (&8 dir L) i gy sl b (g0 5T
936553 5 Lyl il ylS ( palidy S ugys 53 g e pei Jile Jladl e .23 8
0L getils Sladlae Coo 5 (gl I 0 00 J3lo .l VF 5 AY V0l 5 4 0L
\{é‘})b Ll T g A D s 54 6 5 ged 5 MSRT gl 53 6 5S>
415 0L dils 015 d [y Dl jad Ol 7 Sl i Bl ) 3 57 5 55
.(Thiele & Hirschfeld, 2020) 5 S cdwaal 55 5 J 48 atws 9>

Ol oo 1y b liie ol 51 (SG a8 itas 3 5Mie 1 (gl g polidie (51515 L0 53T ST
Eb Sl e 2,5 ol GYE 5 BY sl glulas Gl i ded Ol gea
o 634 shte ladaly L5 oo i g 510 ga5T Lo gaien a0 go5T oyt
.(Dardick & Weiss, 2019) wal axils oS )18, Olejle (ol o 5 oLl sl
Cowd 3l as Ol 5 oo (O3 cie (sllast) Lilodlds 55 olinil 4y a7 UL gl (gladaly alex )
Sl pbid ala 3l Jlo OOt iman 5 Ol o S5l o Jid oo b 05l
J§i° S 5138 oylal Jad slgin 51 50 T3 0313 Caws 5L g sdome O 90T
lols (O3 ote gllost) Wl 15 0037 53 (b CoDho &7 SUlbgls 2 nd
224 CoMo 3B (las el o8| 558 0 5550 T kS EalS Wil ite Ll se
Lodys Solen (B550T opps b Wil Sl oSen liph o wbpdy Ope)T
Sl 0T b & aie Ll oo ol ol S 03,57 1 1y 4l (slas Ik
3355 $ S Al L slml & e & 550 sl LikS a5 ans
Bl glasiel Jpdy Culgys AS oo 5oleds Ll s doly las el (6l o 1) Cokbge
LB glasjal (edlyen sipn Gl s S mle 3y e 4zl Cdlo
S asl sy sdoe 0037 L o5 (sboy s OLLIS 4 3L ol (See Do

Ol sl 05057 olzil gl Ollbgls Sloba 0 g Oloj 5 458 o 4 s



9 | G\)M}&QL«)Q | ...c?)»JWG\hO}»jTJﬂo,dM"

o a3 Jlo (glady 3o 5 oo ges slazel 0315 Cows JI Sl o ladaly 55 eS8
.J},ﬁ'ma.?;;;.:Lf}Ls:...u):‘t{fjcrﬁ@‘r‘}y‘JJ.J)‘J&)J‘)JJQ;AO}A}T
4§ M.\@ 4:‘)‘ (C*) “%“ 4.7‘.’1.wT )lA.E.A ubﬁb‘ LS‘J" ‘) LS)\LM O"}.’. u‘a:-l.&
1348 e i 8 5 D seh 33,8 o) 5 ol
J = max{Se(c) + Sp(c) — 1} ,Vc (D
c

oS ) 035 b 4308 o Dl by alal Ol oy (sl Do ra) Gb
g ot SROC sowa i 63 508 3Dl | bl ST &5 (Youden, 1950) oS
bl (054 gy 53 (V) aaly b opl L (Schisterman et al., 2005) col Luils L
wé\j\goaﬁcb)\@ﬁ“{bqﬁmgw\écMle)L.&C* g Sy
gh oo Wosls polie )3 593 40 € Sen b abad ol

Gl Sl slie g5 JoS Sileldr S Sl ) 5 O e lh I
b e JolS Glhgan & Jys 058 0] = 14 omie 55550 5 Jod Glalomex
G okiasilis ) 03 el lie o5 Lew (Fluss etal., 2005) s 44 o] =0
Col 0y o 09057 € ok alis v 0355 et li e a8 Sl 53 ol oS 0 55T
oo la ldie & gy oplply tdas i OUb sl 500 55 Sledb "‘;C"’ "y
03,55 Job uild I g oS (ghuaihs 45 5 5w Ol o LEL o ol O3
s

S5 bbb 5 S hibanss S byl gl s, SIROC oo 5,57 5 (sl
L, Sooy o2l ¢ ROC oo b 03 Lasls daly & a5 L S Sl ol o3lizul
5 Wesls aS7 i 5L 53 opl as o6 byl 55T 5 s s LS e 50 Os g e ls
dalpd 09 b oS el sd el (53 onl N s e M 5 S el sl ol
35510 03 I 258 Joolo (s s3b e (Al olzbl sy g0 (55 S5 ol
NI FC DI o O Y-V I Jt JURE AP MG SRER PR S&
i Colanil s el ol 5 sl oSk ckimen eyl 6 LS Sladus o o
a3 ok &5 O ey Ll 50 G 56 IS 3557 ks Sulf J 315 Az
S AL & 35Ty Sty oyl olizal lond e 123 151 S5 Ol ey 35 L
Sl S 45 STl s Slalows SlS b og 51 6ok Ll el ol



VEE Ol | 05 oyl | VF 0y95 | i3 @S0yl | &

S5 a5 g0 i &S5 el iU (gla gy el 4Bl il ety i 483 L 3
Hsieh and Turnbull .(Kile, 2010) coul 3 5 &) g0 3L slacs i 5 a3 5
L;,:,,t,guL;maz;dm,ﬂﬁ‘wudu@,:@ﬁgi,_,:al,gc)ujpoyg(l%m
adlas o5 S5 Sl sl 5 025 28T p sl 2005 et la sl
35 el 500 g el jleslital b ged 5 05037 550 s ol 55 10 s S
)qu\ﬁjjjjbgujMAQJJTQJQM)&J:?J 6}»\)\1\5&)5‘\-]3&))
Lld awlie 5 bl st Sla e 5 Kbe s 5 gl g 5ylkul gl e Ls
e gy 93 SHA 3l aoezy5 (5L 5 5T Wl (gl e caman g, 53 S o luiT
sl 5 Sla las Sl eslizal b ol Culgiss 5 s eslizal aen iy 53 Ll by
e3¥ Ll o 5 4 lie (ISE) Tar LK Hsdoms o 5 (MISE ) an LSS ) sides
Coo b Obudlite digs b 0,00 ol Sl 5380 S & (g Sl Sl S5 4
omeds Calides gla g, s 4 8 a5 y3 00 BFVS 3 g slao i plas  Slallae
Gl Jla| ST batad oy ¢y shew LU (Sl b atan gy ales 3 &Kl 5L
30 3 ealil b s 55 0 503T 0y e 53 (925 oo 5 bliie i 5Lzl AL

Suns oo 451 1y (5 35kezel BB (slaasnd s oS 5 ol 68 Glanslia

RISy
VAVe ans 1T el e (SSIE sy K (ROC) s Shas (S5 omie
o 2led Sl pais S0 55T i aslin 5 o 5 6 LT D1 005 501
a3 golew 3 &S g, sba (Zhou et al., 2009) conl s 4l Cures 93
&5 55l (Hsiao etal., 1989) i 5,005, «(Metz, 1989) (554 515 Jud 5| oo
A% oslezwl (Somoza et al., 1990) sl )5k St (Aoki et al., 1997)
b3l Sl ROC (slagomin oy 5l eslinal & g5 0 Oliioes VAT a3 515l 55
& » ROC > 3| (Hanley & McNeil, 1982) k5 S° Ki5 oadeis sladso)T

A 53t g a5 (Sl SO s 31 (s p ) slatens (S S
51 (Shapiro, 1999; Greiner et al., 2000) ol 05 o3lizl s Il 5 by 51 31

1. Mean integrated squared error
2. Integrated square error
3. receiver operating characteristic



o\ | d\)@}&\:{u)g | ...c?)»JWG\hO}»jTJﬂo,dM"

ool (Ce) Slew 355 Bl Cpme wlinT Sldie 1 zie odd JlsT Slis I
Dl 8 C385 545 0 e3ls et (i) VJL..» gs;’}”’J.T g pl o 3 sk
(r523) o815 i Izl 5 ( Copule) (odls Cote Jlozm| L 015 g 5 pna i

{(Fluss et al., 2005) 5 S" s 5 o ;I

eld S35 (1-Sp()) OV - 7525) Jilae 531, (S€(C)) Cuwlum H13 50 ROC s
S & s UE b5l 6l S o s S (€) Kes ST slis
ki Sl gl S e la bl ¢S 53 ROC cove SVl 05 S asds
Sad o S8l Olosl )3 03 eli s ROC (AUC) gown 5 ol dhax 3l sl
Shapiro, 1999; Aoki etal.,) Llous 4 8 51 5 oslizuls ) g Cakidee glas 5,87 43 oS
.(1997; Greiner et al., 2000; Grmec & Gasparovic, 2000
o SaehB (g2 el (S5 2 3L DladeS (fp o e ok Coesl 4 a5 L
ok il 035 oy b oS (b 1 (S 4 aalsl 3 o ol ol S e gy
sl 0 5L el
3 oS 05 o el 03057 53 Sy Dl jed i skes (2017) Eckes
53, eslizalTadsl S5 25 8 sy 5o Sles Shy sie 3 Sa) 55 S 5
Sl Hossa s sl U T @S e 5K, o cadsl Ssas 25
Sigaih 5 D5laS 3550 55 Sl 1488 sl Sl g psgde b 05305057
SIS a a8 S e pluld 1) 51550 TOLS el luls IS a8 o oS 5 Ol
LOL) 6l ° bl o5 e mor o ozl Ja 5 ol atetie U5 O lge pebam
S slge s 5T s cad sl Slad sod 31 48 gamme 1l (5l S0 Loty ol 0 adetin
s sl 3 Shes S5y o Jbow 5l (63555 Ol il doe 31 Jeol> 0L
Sl S8 55 a8 LT s 4 Doy el Sl ealizal U slae ped Sulgso
ot (§ 5 Aoy oo Pl a1y ozl unai b ST 5 5 5 il o0 ST |y oo
33 5 @YU o 4 S o a3 1y O e oot OISl sy ol ST 23S
1. sensitivity
2. specificity
3. Prototype group method (PGM)

4. Rasch
5. Common european framework of reference (CEFR)



VEE Ol | 05 oyl | VF 0y95 | a3 @ Sojll | oY

Ol 0350 9031 adsl (Sl sai amaete slagtuail b Cills Ll cunail
SV il s Slas (S5 e p (e b p Dl el ] resdle e o
L5 o baesls Olen 31 &Ctar o) 0 gomn S5 elond 50 i3 31 ool i (slae o 4y
..)}.'v

Gluaib |Se (ol 1,33 oba 035 e ls I arans (2010) 01,86 5 Nakas
oy 95 o 0T .5 S sl ang by 4k &5 Ozl gl p WS 4w 4 Laosls
L Olles 4 bgs o slaosls 61,33 [2slesT 5 e 6l 1y S5 al,bb 5 (s ell
G suakh 6l ledliS lpel gl 4 e 45T s ST ) 5 Sl BB s 5
A el slaog 8 55 Olslay

55,5 w4 bosls guuaib gl 1y 035 Leli 5l ewexs (2013) Luo and Xiong
2 e (512 G LU 5 G ol (sla s 1 s s S sl (o 5 et
s S ekl blae Sleabl folgd g ab g e 5 LW g ag 05y

e 8l e eSS Ll 3 S, ¢SS (2018) Carvalho and Branscum
23 LS Bt L5l sl OT Blas avgs B polie 5 audlS w03y st
NS, s T3 slabgkie e B, 3 OT s ST 8151 0 sS4 Mie Ol ley
A S eslanal dlgs B 3l aldS aw D5y el s (6l

o 0 e 6 slezel BB 5 S 55 60 Sl el addllas ol 1 ool ol
L;LaJa’mﬁLgﬂfﬁ@)QijJ:bdjqﬁLg\ﬁwdumlﬁiﬁ.u:@alﬁb
(ol (S e 05 53 03Ul ) ga sl lne ES5 O3 g sl 313 (35 el
i )3 (oS i b s g S g Sl &G oL S b
5o 1y oSS cpl 3,8 (6o 5dos Sladss éaﬁfda DR o0 ol Curdy
Gt GESSS gbj)) 5 amlie a2y ol 03,5 (pwy p (BiseT (Sladin)
B 5> BOT Olaabl Sl ramin 5 03 g s ld dloms gl 56 U radd
G S LT o sed e 93 Ll e (B30T Sladase )3 g e s
AL e Sl g £ 58 ) o sl e
el Sl eslanal bargy b blE 3,557 5 gl b gy ST s melbla 0T 5 sl b
{(Fluss et al., 2005; Leeflang et al., 2008) Lloils o315 anw 5 ¢S5 20 Ol o 335

1. Dirichlet process mixtures (DPM)



OF | 01, Ken 5 Olobuly | oo @ oS Mo S0 53T 0 0 08 ot

7S S 5 el S s latsy S OS5 e sbLE st o )
s byl pan By s A 5 03 Latli 8 Ks gl (gl olizal L
.(Thiele & Hirschfeld, 2020) Ccul 035 asli 5,57 5 ombes aiun

S el 1,8 sn e 2L Szt S8 85575 0 5,008 5 5 0 ome 8
S ch (oo 4 S5ha s X T a5 L33 8 oy w8355 03 Bl w
Cote ez sltel 1) 4 [Xg + A, X0 + (M + DA] Glaosl &) so <.|wa
e b ey ol 53 s skew (Silverman, 2018) kb o w5 M ite
S&s 31 63,57 5 il a5 Sldalie slaw iled 5 Sl 55 slaosl 4 Laesls
I 51 35T 1 G 1 18 smen s cal ol 5 55 0 03,557 s & Jlaz!
L allie ol slaosls 4 by o 15 god ol Lo 3l Ol g sltas 4 sl y 3 el Jlaz|
RO PRI A CE-TPS I

LY L sed s Oe50 IS 00 oS st syl S

30 4 ™ ™ =3 Histogram

Frequency
=

30 400 450 500 550 600 650
Final Score

atis 05051 6 ls S ST 55 s 5 025 Gla by S sktes
333,05 (P) Jsd Slamenr 53 330l 4505 53 51 V1, o0 Y 3 X0 o) Xy (L)
O1§ oC cpre &l a6l At o zws 53 Gp 5 Fp ez Sk c\j L (R)
PSS 25 oot e @5 @S e 2 e el s 5 Sl
Se(c) =1 - Gr(c) ) Sp(c) = Fp(c)
Dl ash 0 Sole O35 el pl sl
J = Se(c) + Sp(c) =1 = Fp(c) — Gr(c) (2



VEE Ol | 05 oyl | VF oyss | ae 3 @ Sesll | of

w8 L s 0 ag kel Olgea 548 0 ) oS Lo Hlie 4 le 8 € lie
4}3\:&)5‘.&})5"’/{a‘@ﬁ\?—j((G\R,ﬁp) ) Fp 5Gr 5531 5y U] 5,57 555 oo
3 GR 3,57 5 6l p dlan opl 53 355 0 J.pb—f= mCaX{FP(C) — éR(C)} = ()
20315 S is) 3l sad s Osa3T oo ped edi 5 029 pali Hliie s 5 Fp
355 g 03Ul (KDE) s 5 (EMP) s 25 5 ol b
AL B, K e 6K Gl 6l Ba) o esle (EMP) g 25 s -
a3 g0 s 43 4 god )3 |y i &S e e oSy 8 a1y Sy e STl g
.x;fu.aglsa\bd;ﬁalaj;cﬁl@s);)ASGAMJJ{LLECLJJJSQJ,;J,\{
G0 SN o2l b U 6 jad s (ol 63 55 g0 6 g0 53 g S5 e lMRe 4y i o
SN3a8) ROC g oty 525 ool 2 i 0 o3 &5 Sl alae g 25 2557 5
.(Thiele & Hirschfeld, 2020) &l (s Lis

S35 P gt Osk sdkbedalie glaesls 1 leiies EMP g5 55 035 el
xS 158 w2581 p s skiea g2 w35 mE S s 03 2 sh e Al
oddodalive Gbrosls alel 5 5 (6 ol i Jde &K 51 add s i SVl
5 UL SO e w5 wb o s 00 s ken o ph e eslisd
S e w5 b (Fluss et al., 2005) 555 0 2557 4 g0d (025 (rexS
g o el 25 D) s

B@=Y IS0 GO=—Y <o

?OTJ.}S
1 usc
0 u>c

I(uSc)z{

daly b gi [ 253,05 U5 Gloes £ 6K 0 025 (rem w55 @b alone Sl g
omd € Olgea LS o dds | J i S € luie Culgns 5 LT o Caws 4 (Y)
(Ruopp et al., 2008) s 55

e (1962) Parzen Lw g 5L o J ol (ol caran 6 2ol )LU 595 (KDE) aun og,—
sy Jslde sla sy, Lsii &S 355 oo oslaisl u)‘.ig— GU })}Tﬁ sl S L



ébld\)\g@jdbu)bl )AJW‘S\AU}.A)‘J)JJOJ»JM

S e sl S35 lyls oS S CU DIy A Cand gy ol Sl (G5l san
5 51 olsen sl S el ) ol bl 5l S (Silverman, 2018) &l
e glasine 45T 58 (Fluss et al., 2005) das e sl 1) rad m 5
S F3,5T 5 &K b f o hasl & b L w550 5 oo Xy, X2 Xy

)j&dﬂwﬁs(“‘)@b@)y‘b (KDE) oj:,..:ﬁ S "\M

t_

£.() = hz ( ) teER, h>0 3)
-Lul.au)\.c...e))\}a.écb&aJ})ﬁb&bﬁ@owbwcbl(()Q‘)bﬂ\;
%fp\i..bb'étﬁh>' 9 Sl g Jjg:'.?li\cw)\fgul:b;*ﬂc“"
JfJJjTJ{:JQJL;\ﬁj.Lf@JJ:SbL;)'u)\Wo\):.uxf:},idna..\:nUL;jLWJ\N
dni?wTﬁ;\g}Mdlﬁp.@wﬁﬁocm“auutmaiﬁt‘@|r€,,\,&3
Park) <Xy, ..., X2, X1 (25Ua5 4 gas 3l oslizal b £(8) Jlazl J&Ksr 3,57 caan
s il ys a5 500 3l WL sl ol (& Marron, 1990
ssba Laesls 5 sl 55 Sgod g S5 ol en B oslizal b J&s
o JEo b 55h Sl b sl (Sop SMie Sl (Bl okl s Tes 0
PoliS  Laosls 5 Sl Ko S 4 gad e By Ll a4k a4 ) Jles| oy 2l
1y e SVl arn J&a b 358 Ol b (gl (S 8 jlie Conl 24 itan
6@@@\4{@;6\;@&:@)@4{.5&%M&Qwﬂa&p
LJ))TJ.:&H-U)Jﬁ@rbﬁ‘&‘ij‘gb‘M6))J€MJ§)§(5J;L');$/.\:A

(3,331 5 e a5 cad (s ek oSl Wsed 4y il Lidsed 4 (ool g

S3bisn G pen 35T 5 4 e s (Sligy OB 555 350 00 0dal 55T S
Sl Sl ol s w1y, 5555 )5 Ll sl ¢ I Ol 4 S S5, sy
Wand & Jones, ) el glulid b6 baosls J&s cwlal jlsle 348 Slssl dib
b s Gl wl5 sl JE So55T 5 bre oL s (5w 51 (1994

1. Kernel Density Estimator
2. Epanechnikov

3. threshold value

4. tightly

5. sparse

6. underestimation



VEF Ol | 05 o)l | VF oy9s | ao i @ Sejll | o5

oo 2 L& sl olas ol (Silverman, 2018) ol ods v, » (1986) Silverman
ol 65 4 6555 5 s Cialides ol 5 lorms 033 eyl g el (61 5 dingy U]
M 30 s mb g 5 OBl fas 55 ol a5 s LOT o Gl Sl
S 5,57 S8 3 gt sl Caenl (Glulsen eyl aigy Sl 5 5l
a3l o llas up\};di,\;gw,tfwcu;muﬁa\);wwu\.wum};
(Trosset, 2009) ol ol o3lizl Sl 5 glia st sl 57 K03 41 o 5 Sl 0,185
@i S Kl oS 358w K(E) = D) o) dasly 55 s s ob okl b
na,,;v,?p;,;fjdj,sa)fp,a‘_;\j sl S Cwl N(0,1) 5,1kl Jbo 5
h eyl 4 5 55 oo odalie ¢ sl atn Wl (53 L5 (F) ol Gl sl b i
e B h g syl 1, Jbe S SE RS Ol il i YL B35 pF A 0
3 da Calgns LS or it |y wn @b (SUST, o 5505 e Jule Ol sea
J olie oS C lie () alasly Gk 55350 5 U3 slaos 8 4 Loy e tn wl 5 dlows
(Zouetal., 1998) 554 oo prs €7 Ol oy S o a1, (Y) abasl ) 53 5 45 g0

tnl 0l Oly aalsl 53 Wl (sligy s S5 93

S35 5 ol per | 5 Sl e Dl AL Sl ol Sl cann S&s 555 5 50
S ) (e sk (S e s S e e 1y 0 2557, S
oSl bl 358 o3 e ABls w5 an oS Glos oS ol Ll sl
L oy opl (Weglarczyk, 2018) uS" s Jes (AMISE) 4>, o sl il
olin e ol yen 4 OT ez 5 (Slaliie abl 2 > en wb &S sy 59
Adamowski, ) LS o awloms (5 2l5b6 ha) 4 1) et JEs b il sle
;,jTﬁe\sw’ﬁp—,a}g;,\,uuw\gj\fu'lwulﬁu:,,dﬁlﬁ%,uptguﬁ.(wm
Aol ST 2 4 516 505 S (oS s (5 5L b gy GE) ) b s e
AT o s 4 (F)
h=1/06sn"%?2 4)

Sdie 0s 5 55w i S 0313 4T el las S 0315 4 s (F) alayl
2sh g Jol S b 25T 5 50 Lk sl S S 55358 amins 5355 S
Loy, 53,551 5 G Olsiear 5 alaly 5035 eslizul baosls Sl Ol amels 3111

J}&@J.ﬂbd)%%‘ﬂ&j})‘ﬂjw‘b%hu:;ﬁ&\j



av | d\)@}&\:{u)\i | ...c?)»JWGLAO}»jTJﬂo,dM"

hopt = 1/06n7%% x min {s, %} (5)
30 &Sl bl 31687 ol (Sl 4al3 1T 5 & g0 sline 3l il s OT 55 S
Thiele & Hirschfeld, 2020; Zucchini ) w7 o Cows 4 bosls 4 505 J 51 S5l |
(etal., 2003
'l pereSle flime i lzel i) bl Sl e 1 33,8505
(e o) b Al slgiiy (1976) Duin 5(1974) of ) Ses s Habbema L 5 4S™ &l
e o ol 03 s STl g fr (X)) T glems a8 sl B Ol )
" leave-one-out flite e lasl 3 Sy, olel 5 X 51 (Slas ez 55 (G5 p s
23t sl A 5 Lk o e Lnels (4 sas e Slad 4 45T D) s s 3 5 0 2051
3 on B8 ST 0505 5 5ol (sl 030 40 pazma &S 3l odalie & ez
120313 S5 g5 L 2 457 355 oo el (S5 5B M e 4 (510313 45 sazes SOl o
535 g onlimal Jie 55507 (gl baosls lu 5l 5 35 o axdls &5 05037 5 b5l
23 Dgets Bl n S 4 |, MLEV o Oouts w6 Deh o 1SS LN L8

1% X; — x;
MLCV (h) = 1—12 log ZK(T) —log [(n — 1)h]
i=1 '
Rpier = argmax MLCV (h) 0T 45 &S
h>0

]

Hall 4 Wil 5 o Ll sl bl Glaisy Goos (ompp sk OB A3
Loader «(1996) o1, 5Jones «(1991) Van Es «(1990) Park and Marron «(1982)

S ax>1,0 (Y ¥+) Barbeito and Cao 5 (2013) ol, K 5 Heidenreich «(1999)
LS (o Joo ot ol sl b e gla gy den 1L Sl (2L sbaslas -
o2 2 e pl ps il s Sl (glols S 355 0 3551 2 gl Sligy & mecpis
S aS Cnl ibate ol Ly Sl B X p3las plad )3 (G3lyl o el &8 555 8
sls 1 sbie s (Kile, 2010) 5 4 eslinal Kb slgy Ozl gl S sl Hlas
G (8) alasly Oy ooty & A oslizal (MISE ) 4yl S pdoms sl Kl

Py

1. Maximum likelihood cross-validation
2. pseudo-likelihood
3. Leave-one-out cross validation (LOOCYV)



VEE Ol | 05 oyl | VF 0y95 | a3 @S0l | 8A

MisE) = B[ [ (fut) - £00) a] ©

S @S |y MISE &S558 st ot s gl p o &S Sl (g h 5L Lo Couda
Ol gy 5558 g0 0315 0L Apyrsp b 3 58 oo MISE(h) Jilie- 4 i &7 (60L sl
Gy ) daly 3l ang h 8L gl sh 0 458 i s laesls MISE &b sl
S AL Flly e oS 353 Iy MISE 5y (loms alaly Sl p3Y an 55,51,
Db a3 O ged (7) aaly 1 558 g eslinal ek Lo 51 skte s

MISE(h) = f E [(fh(x) - f(x))z] dx
= j [E (fh(x) — f(x))]2 dx + f Var (fh(x)) dx

= j [Bias (fh(x))]z + f Var (fh(x)) dx
Bias (fh(x)) =E (fh(x)) — f(x)
= E[Kp(x = X)] = f(x)

=fma—mﬂmm—ﬂw
12tls el g Var(X) = E(X?) — [ 4o, 55 5

Var(fh(x)) —Var( (x;X)>

[
“li [ (" )f@dx]

‘OT ‘)) 45

2

5355 n 03kl (&5lulgen el ldde 3,57 5 (gl &S ol Slgeanl (6,5 051l
S T B

1sEm = | (0 - )’ d

1. discrepancy



o4 | d\)@}&\:{u)\i | ...c?)»JWGLAO}»jTJﬂo,dM"

Tl e e 5 3,10kl a0 50 3T 51 (SO gad 5 0 pa3T sad 5 0 ga3T lmesls -
NS 5 b o el Jaw 5 o8 ol Ol s O il oSN 0L 5 2515
Calises glaatsy s \;fsj.w)lwu)lfcbw):ws‘j Ol geiils 543 o
Lt LIS (6 gomtar 534S (6313 55 5 Jaam ey Al Gl L os Ol s sl
sine S0 3057 51 S 53 il (s OBl 5 Slawga S 5o plal ) skiag,
J6 o5 6 503 05051 2L s MCHE 0503 ¢ 36 03057 cpod 5 05057 o 0L
eSS ol bogasT ool 51 eSS o 53 Jadayse o,e opl S LS S 1y Jod
ol b 53 4 ged Ol et S o men 395 Sl alul  ol&Kiils 5 Sl o
o5 0551 61 5Ga0sn (g e ped Jol (6575 Ol iy Sllllae o b 6
RO PRT-INL

3o ol 5 e &S 5s (s S SLler Sler A sed 5 05T U3
oub)\;)lzziljsqfésjzrtjjo}g"\'w?-)zJQ)}.;@..\{.;;GAJJSQ}A}T
it e 3 (e 25 15 65 Jold a8 65 5o )l 5 e oS 25 e 0303 ) 3
it 26 3,8 o )3 0L sl Sl 53 Jlge 100 Sy g 5 K05 e s 55 Koo
03051 Gokb g b 4 sad 5 09031 (o 85 idu ol glau B )l 15w YO Juls
g 53 Sldbsls Sjlge edias il 5 5,0 Cals (GRE) ¢lyT o 0037 5 kT
1 5,005 3505 gt 0 05 0031 pl 53 & ol ol ndS 0L 4 e 5 0
23t 53 Ol JS7 o pa  dins o el (1 5 sler sl s a0n 4 DL g1 Y pane
3,8 a PV LY

S Sl 0 03\l o 5 O 95T 10595 &K OUb 5l S 0 05 5l e ips i ol 5o
wals Hles S S 5 Calisee glaoliils 5 baazdy 1 bl FY ¢y g 055 )3
VOF Tam 5 Sl 035 FFY GV 51 sad 5 05037 5l o595 ol 53 oS (slao ol
FV. a,‘,;m;l;.u.u;W@ljlgijﬁ,pﬁ@lomoa),T@waﬁ'
A5 edkbS (sloe pa s 5 S0l e ST S 10 pl B S
53 gdoen 3 3k 53 O 515 I gane 5, Shas 45" sl lan ol Sl 45 ol FAY 5 FVA
Ol oo 45 ol $8 Ll Laoas 3,lilinl (ol puil 555 (S g 1 vl Ol ja Jams g0
ssbar OUbsls 51 5 5 3,05 sy Sl 3 Jagte g5 4 38 s 65

1. The test of language by the Iranian measurement organization




VEE Ol | 05 oyl | VF 0y95 | w3 @S0yl | 5+

olie . lad S 1, (VA om) 5 S0be Slie 31 28T Lo ped O 51 VL g 55 b6
ol 0l oJ))T\ Jade 5 anlllas el o3 edd oslaiul glaosls awe & le.ho)l.a'\-

Laesls oo s ol Y J g

31kl 3l b Sl Jsl Sl L Gla oSl
14 [ARY LYY LV LAY VA
uj‘J)

sSuls0mL Sl 5 eslinal b Dolewlome 5 JuSTT 5810 5 Sl enlizal b Laosls
Al el matplotlib s seaborn sklearn mumpy pandas slaalsolsS
JeSTif jgmws 5 aS Ldd 0,55 Oy g ps ST LBYY 5 dlie ol laesls
K o badaly 53 bOT alg o pes ool bgls 255 b o pdy Coandy o 61
SV ol O jes 68 S gls s eslizel BV Sie 0 BV o5L 5 b sliel
s 5y sl BV Gl 2 Sl Ol as aST ST oS -y 4 s ds dizils BV )
32 o Osw 93 Joli f1 ja cpl plu cliid ool il e o) b';'.:.?;du_@\:}a\
OMie Lme ysbas BB o gl o8 s (Bl (2 0 s o 2 35 5 I e
S 2kl gllas cla S a5 6 pdy i Ol 5 UL 2557 sskien 5 03 e la
Sl s b ad gy (28 has a5l s Sl e S0l sy 5 2l
oS e lie ilzel Sy 4 AL Glg Gnn b i) 5 paoshe AL
S i 51 63,57 5 ol g 3kl glalles e 5T Caws 4 o laita s
Sl O slalial glast anlows shieas .das o &)1 15 059 Lot ls slie sl
sl gl cdﬂﬁ&\ﬁjc&fgj\.\iilq-l{))ﬁdﬂk 3 5 035 4e gazmae
sylbtwl gl bl syl glos k5 Kls i dunloue \/iz daly 5 b
53 U Sla e 5 8ole ady) olol Gl S QLTH s 8 8 5 s el
I sl gl ylie 5 ol T E 5557 5L dobe 3l Juolo ok o iy s o 5D
ly ie g ey 3590 53 b b 8 i 55 aBly s ite Ol siedy o O g
358 slaes 851K a (sl s abp o oo cdsl Al o 5313 S 1l 1 5 b
o 55V 0 a3 OB bd iy 05,8 595 0 Wil Sl o 5 L usls 51 295 50



$Y | 0, 5 Ol byl | ...c?fsf%gs\hd}»j'l-uiﬂo,dw‘

3 okb gt Al e 53 ) e 33l 4y bl 03,8 S lags3 53 m 05,8
5, 51 eSS o gl ol e aalsl 53 dd osls Lolamstl v ldds Sy o ool b 5o
231> = 5 A Ll 68 sbas osls BB Y 51 a6l oS (KDE 5 EMP)
Py

P Elp S e 58 mb EMP oo ekl Lo g e la 5,5l 5 gl
4wsl>s (TPR) @;\,@;ﬁ-os,(FPR)gs\sc,;ﬁtjcmdxsjmJ);,“,pr
o3 JuST L6 &S 55 TPR 5 FPR cbaiilsio b O g 95 53 sddinlonl olie .
A eyg] Caws 4 Ogie 93 ol Jeols Gl 5 oS e dny Al e 5 S
300 b Sulgss As [FPR = TPR| qaceSle hls Sl ol Y0¥ Jle0l yie
opad 35 TV Lo b 55 a5 e el Yo¥ 03 S Iy 5 JS 00 4 Ly je 05w 055
b s db g e LB 6l S

S iy 68 NS b s amn gy 3l eslizl b 0y Lasla 55Tl
Waosts 55 &y bl 5 w55 @l b ooy W0l 03 gy Lo 5 )5 ey 1] o s o
I3 ey sn i &S byl 5 Sy Sl eslinal b 03y el 5,57 5 shiee
UQR) S ,lor oo aials iy 5l bosls as gama 53058l & bl glulis gl p.2b 8
03 3doe 3| ol 45 b 4B S ki 55 Oy alall O sieay slosls dlie ol 3 A e3lizal
2554 Sl painia Y s 51 3,5 513Q5 + 1.5IQR 5Qq — 1.5IQR o polis
0313 (Sl IS o pmi 4 by s (laosls S h Laseie ulghys Sl Jle s Ly & Laosls
et § LG 25 Ll Sl e Sl sl (22K B, S e
A el

Ly s wn b plol p an e Dt GRS oy B esel gl
Calgys 5 b 5557 3930 5 Usd oS 55 a sl das e Ll sl o 6,5 L8
s 8 s 03 el e Ol e ol pslie JolE eSSl

3 35 5 GridSearchCV wb 5l eslizl L MLCV 50, S Cwl S3a oY
ssbiaa 1y gelllp o las LT 3 GridSearchCV .us (g5luesly sklearn lsols



VEE Ol | 05 oyl | VF 0y95 | w3 @ Sojll | Y

Voo GridSearchCV wb 5l eslizal b 14 3515 Sous bl gy Hlie & (g 5 L6
s Ol atg Bl (sl At e 5 Obeal Y 5=\ sl 015 4 Vv 0L 53 ldde

o5 0531 IS 000 S b Jla el Y S

0004
z 0003
0002
o001

0.000
300 400 500 600 700

Ladl
)JSCMN‘)A.;}}S Q}.&)Tg_,.l.]o)b??\ Jfaja.: J.Al.& R C)’.’.‘)" ol oslaiul el
J.:J))d}:.a L;ébﬁbl.bbg}&nQﬁj}:é‘ﬁ‘)jﬁ.ﬁﬁAa‘ab;dfidjﬁ)‘\-ui\
L35 (Js8) V5 (595,0) v pslae lyls &8 Ao LS5 000 U PV (slas pui wlal
Colgiys g b oslamal Sgy sl pesls Ll adS us fob gsde LB C o
b s 8 bl 03y (et lh Jlie pannSTle bl y s) sl p slde oo e
(RMSE) s Slay o 5 50ke 4ty 5 (BSE) o gl g 5 1kl slallas 5 5,47
sl 0s 03,87V gdor 3 Sl ASAY g 5 14 S S sy BN ol ol

o5 003l @l € 5] 5550, Y Jgd

KDE — Silverman KDE — MLCV EMP

] Va\s VO /¥
RMSE VYo VY /A
BSE "y /a1 Y
c* £V £V £1o

Lg\jf Q.:ﬁ u.e:-‘..:: )‘-&A‘\.{.}};@ odalie ¥ d}v\?’ B a.,\.'za.:,i)s Cit'.: U"'L""J’

oJATCM».}Qu;J.icﬂé}@‘j&ﬁﬁsjﬁjjéj‘MLCV JJL:&L.@)‘,L:MUZ))



st | o\)\i@,agu)g | ...@,»Jvmsuo,»ﬂ_,sﬂo,aw‘

sl Lae pai Sl b 0 a5 S5 L5 oS ol oceT s 4 FVA i 295 53 a5
Sls (6 S sl PV oo L S AL PO TSI SIE
el paets Gla tlaT 55 Ysame 8 ol (63 Shas jlas oSG 035 sl
Sl 0305T &0 U1 0ms0lis o 5,8 o 5 eslizals s o o o &S sl 53T
SV 0o estli Jlie ol (y3,e 5 Jgd) 035 55 4 13l e il
W3 el el ol gl ol 355 10 5 U5 5131 g Laseis olly ediasolis
558058 55 4 0lbyls cunaib ol e iy MLEV &b sl L s b,
el S 5ylilnl glast 5 et Sla e Kb 4l Sldie K3 (S gw ) Tl 3,
bkl glast ol iy oS 5 iy 95 3 MLCV &L slg b a2,
Sligs baman gy 53 Sl gy 2 (6513 0 ge (6 pdy poais 1 63,57 2 S @l
5 ML byl 4 i ek Ba) G b el 0dd o e sk UL
anloes 29y 93 pl Gl g MISE SISE an 5L 55 sla s la 1l .l ol (6 5 585
ol 03,31 ¥ Jada 53 sy 93 ol edd 3,57 5 ang LU by a\JqAA{@t‘SG\;M

!

oy XL Sl 5 V4 by 0 L s sl sy 3 ,Shee L5 ¥ Jga

bl sl el KDE — Silverman KDE — MLCV
hopt YV/87 1
ISE /¥ YA
MISE Y AR

hope =4 LL slg

LS o S oIl 1y bly ldie 5 ols 3,51 5 O3 Lestls gw ST 9Nt | ISE

&G MISE (ol 035 85 Lol b e 53l L ISE 28 ldie opl b
S gysba das oo £l 1) SKan polie o3 gdous IS 53 oM 1 Law 2o (5,8 o 5100
LU sl 5 S Sl i Jibo IS 5 Shas 45" Sl ol oiasiplis aS” MISE
Col SKae i AL (gligy a8 Sl y3 (S Cd 1) (6 2 oes LS o Ll 55 0 208
Q,.\MﬂsLf.;,:ﬁ,L;uufbgmwat{&j,\sﬂw,\,y&\,unu
bl baten o5 b anslin 13 MLCV b ds gy oS oy oo S5 4 Oloens 5



VEE Ol | 05 oyl | VF oy9s | ae 3 @ Sosll | £§

ISEcfa;uugéuﬁd\)\bg‘ﬁsjbdbxu.a:’-ubjj"-j).ﬁsjle.ﬁjgwy)}l:«ﬂ
)fogdbxyu)‘@c"d}u\:-wb‘jb)w& \:MN‘J:YLLSQSMISEjJZJ

el 2 MLV | a9y 53 ol (gt 5 Shas o551 sl age

S S dom 5 Loy
5 A Okl S 4 sl o e S Sl 5a5T 3 g P el GB2 e
Sl ¢ G o2 oS il ol e s I (S Do el Ll (5056 0T
S olouTjaS o ol Sl sl 1y by o SMAe o8 5 domin oo |y e
039 atls 555 3,57 100 5,10 s g 5 p 0 e 383 e (gl (gdly ba) SO
S 7L 5y Sl eslinal L 05y e Li ldde candllae ol s 1l 500, 2l
Bl sl b ar S 55575 5 paosh LL sl b n J&s 35571 020
o Glaoasls I pman b 5557 gleimeys penaSTle blite el
S sl e ARMSE) ot Sl po 5 Kiks 4y (BSE) il 351
s oslizal 5 Shee bl ) (MISE) a5 LSS slbs Slay o . K0Ls 5 USE)

x5 b3 gl (atine 4 gad w2 g UL Gl catd ml >, g d (Sl ates S5 53
S L e wb S s jesia (1976) Silverman L g ol ol Slido 4
e Sé,y@.@\w,w@)mwuﬁ@;,\@,;,\xé@;,ﬂﬁ,;
h g 51ae 5557 ol 6358 (2w p3b Sl & ot il 5 ga B 5L 5lin 5 oS
5 S Al b el gn s B o 7535 5 2 o e sl L
(e i slzel (o shon Kl iy 4 Ol oo aloa ) 3005 3 s AL (sl
SLOIS o S Jlize i slzel 5 (MLEV) (gloz)s pareS e flite mi slze!
.(Silverman, 2018) 5 5" s )Lzl (LSCV) ‘pa

Ewald «(2005) o1, Kan s FIUSS aka- 3| Calizes (sla 255 aiie 5 15 e b
aS” Wwsls olas (2014) Hirschfeld and do Brasil «(2008) of,Ka» 5 Leeflang «(2006)
B 4 2 5h o oolial 035 i 3,57 5 6l 025 Giledigr 2 ) S o8
oMoy Lol ol & g0 53 O35 (B3lad @ gy (1) 358 o e (6 e Dl
Ll slg b cr JE gy dil by 4 &5 L s oy baesls &5 55505

1. Least squares cross validation



True Positive Rate

1.0

0.8

=4
o

o
e

o
N

=4
°

sa | o\)\i@,agu)g | ...@,»Jvmsuo,»ﬂ_,sﬂo,aw‘

35815 oy b oawlie s 05 Lela 1 Il lasysT 4 e ey sk

L Olg o 1y 25 2081 2 hay 4 o 4tad B9y S5 0 35 o0 228 S 2lLL
OJJJTVJQ)JKJ‘J Quuj;;(AUC) )\J}uﬁ)c]a‘ﬂwbu)ROC Wv"ﬂ)

el 0

Shodal s 4 g a5 0 jad o ) Sl e 55 Shes Shs gla e ¥ K2

Receiver Operating Characteristic Curve of KDE method

oo 5 as gl S

Receiver Operating Characteristic Curve Of EMP method

1.0
—
ll{
0.8 -
2
’// ] ’/’

S 061 L
z e
G
8

. &

- @ /
204 Fa
7
/"
;/‘
0.2
-
ROC Curve (AUC = 1.000) el ROC curve (AUC value = 0.54)
--- Random - --- Random
T T T v T - 0.0
0.0 02 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 08 1.0

False Positive Rate

False Positive Rate

O i oS 3,13 wn s bl 55 (sege M L Sl e s M sba
})‘u\.:t.w‘ LQLE} j‘ oalazw! L’ Lh‘);)) g_s'.’.lil'i C,.MLAOT 63\1})‘ 9 JL)) J..? j‘ oalan!

Glast LV Sy ol sl Slay e :SOLe iy 23557 Cows 4 1, FYR 50 0

a‘)‘ aau.'.'.w‘b.dbﬁ u.a;-l.& b)j'\-ﬁ Lfl‘f\') S-LATC_,..AJA.I . QT &JJ:.««:‘CJ}: b)‘v\.;\;‘..u‘

o2t e hols MLCV | diun o5 S35 S gm 51390 G35 5 ML Td 23,

MLCV b aman 5oy g 3,5 Mg 1PV 5o e Olea L o/VO g 5L O

A3 o oy sk Bl Sl b tn 35 b anglie 551, 035 el 516 5685 5,551 »

Sy s 3| oS o 53 0 lianOlis oS Sl /0¥ 1 OT G 2l O g 5kl (glos

M"g)-l.«?v??b‘ﬁjaﬁb'/r\ C)Jﬁyu)‘-&ﬁﬁﬁdw&ﬁjj).@‘b)}.fjjb



VEF Ol | 05 o)l | VF oy9s | ao i @ Sejll | 55

AVl 0T O il g s Ikl glast 550 /A iy ol gl Slape 5Kk
Al

Ll o it gy 4 by 0 L (Sl pmnd Bay 3l 457 dins e OLES LaaBl oy
3 Alie ol 3 0 ol gl a5 LBl by gl ST 05 et li 5T 5
ot gy d2il Jlo i Wosls a5 5 g0 53 4S5 8 a8 | Ol 5 oo Lo gy dicdin
Cad gy D3 (pl pE 53 5355 GG ml a4 e Ml S e o) s KL sl b
O35 e L)l s arebes sl (glam s paneSTle Jilie ey lzel AL sl b
.s)\;%)luijoﬂ@:ﬁ)@féfwLgu(_)}ajT):

2 et ol s Shes pusp 5 b Wb Gl 6t Slidss Jbpll
53030 (gduaad uuT 35 g 4 Ll g o Oliidon opl el JLis ) g0 Calides (laaiie )
Sl Lo immen ST SSGS a0 g03T il 3 OIS ey iie glalles JEalS
5 3,8 5w gasse 5 Slile 5 635 Bl e sed e Ll D51
S 40 315 e DLl gl 58 B 8 B e e et 3 (S SRS e
S ST a3l 5 (o25aT sladamms 53 (68 el 5 o5 (LA gt

él.:.a U“wa
.b)\-\a’bﬁ)kﬂtﬁué)w@ﬁ

P
S sl
Olse b Olg o&ils (6,03l 5 Jiomtw 4ty 6,87 dluy 5l a3 8, sl allia
Sy 5 G 6 S 5L &L’*p—b_uﬁ‘ 2 @ S S0 53T D el i
ST o Olsle 5 Ol o&iils Colem b (sed 55 05057 taalllansygo it
Sl 53 )Sar bl 4 5558 (25T e Ol Sl dbs iy ol 528
3 yb o o) Sl i 313 Sl i 5 (6,5 03Il anldead Gl 5 LSl ey
References
Adamowski, K. (1987). Nonparametric Techniques For Analysis Of Hydrological
Events. Paper Presented At The Water For The Future: Hydrology In
Perspective (Proceedings Of The Rome Symposium).

Aoki, K., Misumi, J., Kimura, T., Zhao, W., & Xie, T. (1997). Evaluation Of Cutoff
Levels For Screening Of Gastric Cancer Using Serum Pepsinogens And



sV | o), 5 Ol byl | ...c?fsf%gs\hd}»j'l-uiﬂo,dw‘

Distributions Of Levels Of Serum Pepsinogen I, li And Of Pg I/Pg li Ratios In
A Gastric Cancer Case-Control Study. Journal Of Epidemiology, 7(3), 143-
151.

Barbeito, I., & Cao, R. (2020). Nonparametric Curve Estimation And Bootstrap
Bandwidth Selection. Wiley Interdisciplinary Reviews: Computational
Statistics, 12(3), E1488.

Carvalho, V. I. D., & Branscum, A. J. (2018). Bayesian Nonparametric Inference For
The Three-Class Youden Index And Its Associated Optimal Cutoff Points.
Statistical Methods In Medical Research, 27(3), 689-700.

Dardick, W. R., & Weiss, B. A. (2019). An Investigation Of Chi-Square And Entropy
Based Methods Of Item-Fit Using Item Level Contamination In Item Response
Theory. Journal Of Modern Applied Statistical Methods, 18.

Duin. (1976). On The Choice Of Smoothing Parameters For Parzen Estimators Of
Probability Density Functions. leee Transactions On Computers, 100(11),
1175-1179.

Eckes, T. (2017). Setting Cut Scores On An Efl Placement Test Using The Prototype
Group Method: A Receiver Operating Characteristic (Roc) Analysis.
Language Testing, 34(3), 383-411.

Ewald, B. (2006). Post Hoc Choice Of Cut Points Introduced Bias To Diagnostic
Research. Journal Of Clinical Epidemiology, 59(8), 798-801.

Fluss, R., Faraggi, D., & Reiser, B. (2005). Estimation Of The Youden Index And Its
Associated  Cutoff Point. Biometrical Journal, 47(4), 458-472.
D0i:10.1002/Bimj.200410135

Greiner, M., Pfeiffer, D., & Smith, R. D. (2000). Principles And Practical Application
Of The Receiver-Operating Characteristic Analysis For Diagnostic Tests.
Preventive Veterinary Medicine, 45(1-2), 23-41.

Grmec, S., & Gasparovic, V. (2000). Comparison Of Apache li, Mees And Glasgow
Coma Scale In Patients With Nontraumatic Coma For Prediction Of Mortality.
Critical Care, 5(1), 1-5.

Habbema, J., Hermans, J., & Van Den Broek, K. (1974). A Stepwise Discriminant
Analysis Program Using Density Estimation.

Hall, P. (1982). Cross-Validation In Density Estimation. Biometrika, 69(2), 383-390.

Hanley, J. A., & Mcneil, B. J. (1982). The Meaning And Use Of The Area Under A
Receiver Operating Characteristic (Roc) Curve. Radiology, 143(1), 29-36.

Heidenreich, N.-B., Schindler, A., & Sperlich, S. (2013). Bandwidth Selection For
Kernel Density Estimation: A Review Of Fully Automatic Selectors. Asta
Advances In Statistical Analysis, 97, 403-433.

Hirschfeld, G., & Do Brasil, P. E. A. A. (2014). A Simulation Study Into The
Performance  Of  “Optimal”  Diagnostic ~ Thresholds In  The
Population: “Large” Effect Sizes Are Not Enough. Journal Of Clinical
Epidemiology, 67(4), 449-453.

Hsiao, J. K., Bartko, J. J., & Potter, W. Z. (1989). Diagnosing Diagnoses: Receiver
Operating Characteristic Methods And Psychiatry. Archives Of General
Psychiatry, 46(7), 664-667.

Hsieh, F., & Turnbull, B. (1992). Nonparametric Methods For Evaluating Diagnostic
Tests. Retrieved From

Jones, M. C., Marron, J. S., & Sheather, S. J. (1996). A Brief Survey Of Bandwidth
Selection For Density Estimation. Journal Of The American Statistical
Association, 91(433), 401-407.

Kile, H. (2010). Bandwidth Selection In Kernel Density Estimation. (Master ).
University Of Science And Technology, Norwegian.



VEE Ol | 05 oyl | VF 0y95 | w3 @ Sojlul | $A

Leeflang, M. M., Moons, K. G., Reitsma, J. B., & Zwinderman, A. H. (2008). Bias In
Sensitivity And Specificity Caused By Data-Driven Selection Of Optimal
Cutoff Values: Mechanisms, Magnitude, And Solutions. Clinical Chemistry,
54(4), 729-737.

Loader, C. R. (1999). Bandwidth Selection: Classical Or Plug-In? The Annals Of
Statistics, 27(2), 415-438.

Luo, J., & Xiong, C. (2013). Youden Index And Associated Cut-Points For Three
Ordinal Diagnostic Groups. Communications In Statistics-Simulation And
Computation, 42(6), 1213-1234.

Metz, C. E. (1989). Some Practical Issues Of Experimental Design And Data Analysis
In Radiological Roc Studies. Investigative Radiology, 24(3), 234-245.

Nakas, C. T., Alonzo, T. A., & Yiannoutsos, C. T. (2010). Accuracy And Cut-Off
Point Selection In Three-Class Classification Problems Using A
Generalization Of The Youden Index. Statistics In Medicine, 29(28), 2946-
2955.

Park, B. U., & Marron, J. S. (1990). Comparison Of Data-Driven Bandwidth
Selectors. Journal Of The American Statistical Association, 85(409), 66-72.

Parzen, E. (1962). On Estimation Of A Probability Density Function And Mode. The
Annals Of Mathematical Statistics, 33(3), 1065-1076.

Ruopp, M. D., Perkins, N. J., Whitcomb, B. W., & Schisterman, E. F. (2008). Youden
Index And Optimal Cut-Point Estimated From Observations Affected By A
Lower Limit Of Detection. Biometrical Journal: Journal Of Mathematical
Methods In Biosciences, 50(3), 419-430.

Schisterman, E. F., Perkins, N. J., Liu, A., & Bondell, H. (2005). Optimal Cut-Point
And Its Corresponding Youden Index To Discriminate Individuals Using
Pooled Blood Samples. Epidemiology, 73-81.

Shapiro, D. E. (1999). The Interpretation Of Diagnostic Tests. Statistical Methods In
Medical Research, 8(2), 113-134.

Silverman, B. W. (2018). Density Estimation For Statistics And Data Analysis:
Routledge.

Somoza, E., Mossman, D., & Mcfeeters, L. (1990). The Info-Roc Technique: A
Method For Comparing And Optimizing Inspection Systems. Review Of
Progress In Quantitative Nondestructive Evaluation, 601-608.

Thiele, C., & Hirschfeld, G. (2020). Cutpointr: Improved Estimation And Validation
Of Optimal Cutpoints In R. Arxiv Preprint Arxiv:2002.09209.

Trosset, M. W. (2009). An Introduction To Statistical Inference And Its Applications
With R: Crc Press.

Van Es, B. (1991). Likelihood Cross-Validation Bandwidth Selection For
Nonparametric Kernel Density Estimators 7. Journal Of Nonparametric
Statistics, 1(1-2), 83-110. D0i:10.1080/10485259108832513

Wand, M. P., & Jones, M. C. (1994). Kernel Smoothing: Crc Press.

Weglarczyk, S. (2018). Kernel Density Estimation And Its Application. Paper
Presented At The Itm Web Of Conferences.

Youden, W. J. (1950). Index For Rating Diagnostic Tests. Cancer, 3(1), 32-35.

Zhou, X.-H., Mcclish, D. K., & Obuchowski, N. A. (2009). Statistical Methods In
Diagnostic Medicine: John Wiley & Sons.

Zou, K. H., Tempany, C. M., Fielding, J. R., & Silverman, S. G. (1998). Original
Smooth Receiver Operating Characteristic Curve Estimation From
Continuous Data: Statistical Methods For Analyzing The Predictive Value Of
Spiral Ct Of Ureteral Stones. Academic Radiology, 5(10), 680-687.

Zucchini, W., Berzel, A., & Nenadic, O. (2003). Applied Smoothing Techniques. Part
I: Kernel Density Estimation, 15, 1-20.



