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Abstract

With an increasing interest in integrating artificial intelligence (AI) into interview processes, the Republic of Korea
(ROK) army is trying to lead and analyze Al-powered interview platform. This study is to analyze the Al interview
data using a unified non-crossing multiple quantile tree (UNQRT) model. Compared to the UNQRT, the existing
models, such as quantile regression and quantile regression tree model (QRT), are inadequate for the analysis of
Al interview data. Specially, the linearity assumption of the quantile regression is overly strong for the
aforementioned application. While the QRT model seems to be applicable by relaxing the linearity assumption, it
suffers from crossing problems among estimated quantile functions and leads to an uninterpretable model. The
UNQRT circumvents the crossing problem of quantile functions by simultaneously estimating multiple quantile
functions with a non-crossing constraint and is robust from extreme quantiles. Furthermore, the single tree
construction from the UNQRT leads to an interpretable model compared to the QRT model. In this study, by
using the UNQRT, we explored the relationship between the results of the Army Al interview system and the
existing personnel data to derive meaningful results.
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1.ME

E 2+ 3] (quantile regression)= ZZAF HtS =43} ordinary least squares (OLS)o]| H]3]| o] AFX]
(outlier)o]] A o2 JFS d W= 713 Wi o|t) (Koenker?} Bassett, 1978). E3F - 27k 341 9]
Lope] wi Bh9] Ol R Ao} uh WAl QT TAS T S Qi Holl A o] S fg3te
94 3= A EE A (survival analysis) Ak &2 o] T g =& (Portnoy, 2003; Luo %, 2013; Sun 5, 2016), 7
A]A A& (longitudinal data)E £43}7] 913 2y (Wangi} Fygenson, 2009; Farcomeni, 2012) ‘53 Zo]
CRopgl Hokz A7} o] TolFou), B AT HE 7P (linearity assumption) & 8 8L
3 (regression tree model) & 2 0] -4} of &}
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QAFA A L5 (decison  tree)= 7 (clas&ﬁcatlon)i} 3] (regression)o] HFE 7}s3t WHoZ E
(impurity) 7} ZFASEE YR xR0 RS A 7|0 Z A3 720 & 712 X] 7] (pruning) S = HHH
oltt. o] WS Tral PR B4l ﬂo] shul Azol] that BHe A2 visualization) & A E5Ho] %
L Ay (interpretation) 2 Zte=t) B3 AE A (linearity), A3 (normality) 2 5-5AHg (homoskedasticity)
714 o] D R3F}X] kL vl 47 B ol
2914 3]0l 8l Chaudhuri®} Loh (2002)= QJAFA AU L5 2 3F48E 9 (quantile regression tree;
QRT)S AIISLIT). o] WS R7ze] 4HE BEelo] B9 Bg F4ol 20| ek 12
U295 mASHE BA), 0 BelSoA] B ARE 2 B, BSEE A 02 4R g
S skl 25 4ol dalat B2 l S A
°]% Kim & (2019)2 AFA7F A= ol g 91 ohpoll sl 25 SAlol 45 WS
A QF3} A th. Unified non-crossing multlple quantile regression tree model (UNQRT)-2 H] 12} (non-crossing)
AFAE Holg At Shpel URTReA B R O A% £945 TS FA 24
olTh. UNQRTE: B|ia AoFA S 83 0% 270 29|15 308 24ae o
Pt ATHE 2o BAlo} B9is g WAL BAE and oz sda
Slepol ool SR BRE URRES ANTORA JAAH IR 3
ch.

G §2e v Aduslers oBolz $4UA A%E Ad ABA s (artifical
intelligence; AT) A AE AlEA o2 2§51l Sl AT AHAA = 2+ A& A3 3440 5284
& WA fistel e YA =Yot
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2.1. 2215 27129

PRl AEES x = (1, . xp) o} WHg %y € R o|ojxl RO 2717k ndl AR Lx, yi¥e, E 7
Aopat o) 0 <1y <1y < < Ty < rol Sl g vel A% RS B (conditional quantile
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function) q_(y|x)=
PY <qgX)|X=x)=r1, for0<7<1 (2.1)
I} 2t} Koenkerd}t Bassett (1978)+ A3 <-4 34=(check loss function) p,w) =u(r—Iu<0)= o] &

slo] AE B4 o4 q,(0) = X' B, 2

IT[I;iTn Z p‘[(yi - X{BT) (22)

i=1
- - - T
T ol FAsH AL AL en, 01714 x = (L2701 Be= (Bor Bro - Bpr) £ 1007% £I5
3}

22. 224 32 LRed

A (21 277 E9e e IAFEF 9] 9] ket oA o] 2R Eofa T g (x D)

q,(x. 1) =x"B (t) = B, (6) +x,8, (£) + -+ xpﬁw(t), fort = 1,2,..,T (2.3)

2 S99 & ook oln) B (D% = tolAe] HAAS Welo]n T FFRRYo|H HEws
(terminal node) 2] & 7j4=o]t}.

Chaudhwi®} Loh (2002)& 2914 S| AUFREY L5 918 208 E9l4 o] 22403
(piecewise polynomial estimate)S A ¢F3lgI T o] HH-S Breiman 5 (1984)0] A| 2t
3] H U (piecewise constant median regression tree)of tju|s}o] o} -2 Ao

(1984) 2] RS FF UrE g o] 7|7} vl AA Ao ofgfzo] = Wi, =20 o 5
=of AFEL gk 2 Ao A YRR o] 375 MA T 4= gt} (Chaudhwri®} Loh, 2
et AYshs 2208 A S99 2 kel ulg) ohgrale 2
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2 343ttt =3 UNQRTY A & 1g] & o A+ Breiman 5 (1984)9] classification and regression tree

E = =]
(CART) &1ig|&olA 5% HAshs Bt AALH| &3 B8 78 (Ee 28ye)ol 2 F9 8
H 4= A e o] HgFo| WAL= Al o] T 3l generalized, unbiased, interaction detection and estimation (GUIDE)
112 F (Loh, 2002)& &-§-3to] 7§ st¢itt. GUIDE €118 &-2 zhaket Ay wl=7t A& 542 3
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231 5814 UNQRTE 23l 2} s o] 4 05 2915 B8 A0 2451 083 22
K
min wi(k Z iX{ B, (D),
o dnin “)kzl () P (5378, 0) 04

subjectto xT(By,,, (t) — B, (1)) =0 fork =12,..,K — 1 and vx € [0,1]”
223} B S AQIBEALE 4] (24)0 A= B ol4d v A} A kAL B oiElal, 1007,% H9)4r0] 7FE A

W) BATSe EFAA 9O 0()S EEHFREY SFEVEF4o} FAREGSR HolT
o E[pr(e = @7H(D))] = p(@7 (1) o] B2 A2 T2 7| L2 F 9] (median) o A] 7VP ERRs
Q)R ZH 2 7ha3HA Hok (Linet W, 2011). Kim 5 (2019)- w(k) = 1/¢(@71(1)) S F-of3to] 2t

B84 2 FABhI, F914 o] Belho] AUbAA olEshe BAIZ ddstart.

A (2.4)0l A Hlaz}p AJeFAlE 2P(K — 1) 77} Hof & F| R Alit datgEol -t UNQRTO|A =
Bondell 5 (2010)0] A|¢tet LW <(slack variable) ajf(t) = 02} aj,(t) = 05 ©] &3 Am,3)
(reparameterization) & 53l th21} 22

arg mjn ZW“‘)Z% YiBox,(O- Z XiiBic. (O

i€t

subjectto  Bjr, ., (0)-Bjr, (D=0, (t)- (D)

(2.5)
p
Boryes (0-Bor, (07 ) (0 2 0
=1
ok (D=0 and «,()=0, forj=1,.,pandk=1,.K-1.
HA% YL 2 = co AP 0= BEHA
232 BOWZ Ml UNQRTO| AL CARTSE o] BoM4o wE BFg(E: 2R o
o) APsH Aol oPuie), WA BAUSE AT A A E BRG] AN BRH(EE BIY)
& HEeh 204 ANe|EE A G WA LTS 29 HYS 913 cheat 2L
K
i© =) Wi pr, (61, ©) (26)
k=1 iet

RE oA BeE 4 i(0)E F YR oln ., (1) = ¥ — X[ Br (DR =E to A kA B¢ 1,9
HA| Z2}(residual) 0] tF. UNQRT O A= o] Zhapel gl &1 H4=7F Z2F9A] (randomness) %—7@ sFo] 7}
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TR FHUSE PFE EE !
¥ (contingency table)E il
94 Hahimo] FguE o
FEIT (Kim 5, 2019). 8 SHAPLER FAEEs E83o] i §F(nominal) H43F

[s
(association) S &4 5= E3AIA]

A3 P L (AHEYSE 71RO st BA )2 FRete] 2x L B
A e =

I A O B94 4 B 2% F I 8

o o o

ook 4 Mol o2

oy 2 o o

23.3. 4237 &4 YRy o] 37|15 AAsl= A2 214 overfitting) 2 T4 A $H(underfitting)

B Bl Agath WA AN SR FOR BHAY A4, o] A7), HE mso] E
Aol A A shergkol mekshul L male] 44 At o AT 7] 2 $13) Mg
PNEZS HGUTE M-GA BNYZE M 319 wE0] BEE FadFol FYT 4E EETHEA

Asto] LR o] A4k of g AR5t Zlo|th. UNQRTE AFR-7kA X 7| 9h AF57hx) %] 7] Lae) &
FAOl A gsto] AT A ZAS AU,

3. AT HEAA 2 2 B2H A=

AL HRA A= A dAke] 324, &4, W, obl W15k 5 e wheE it s sk 94 adet 7|E
2 g 7ate) dlole ek A Axpe] AolgH AakE BAT WA aaE FeEA sk A A
of Fof gt A2 e Aok Aolnh Al 2 A7) 9 A de7] & 7I224E MAddES &
ok WA E, 54 4Rl dizt S5 Belete AR, 2t H s Al Al Y
AL o2 st iz 1A A= 28 5= Alo] dubAolrh W2 7| A3 FR 7ol A At
ol HAd ol AR L o #FE Taxskal Qlrk 535, tfHHA S WA ve] =g of wheh B 49
2 Ao7h BT Ths el w7 el 22 V|Ee s Adu)e] Faste Al Ratete A
sHd g Aok, Aike] FA4 3 &S a7l Sl 1199 oF 80017) 7]l Al A& =5t
ST

Sl AR AR Y AutE g EArS sk e AR AL HHAA =S YA o m A5t
ATk Sto] A A o2 A g5taiz) s Al HAAAl = A=, 2P, @A, A/, TRRP, (2 A,
SR TN AR AFE S FRHFE A o] AA= Aa W FARES] g7 A,
Ao AT, 2 FARE AR 5ol A&5taiAl =u] Fol, & Ao A= FARE A7 R AR
= Sl A A G 573 O] AR E EATT 24 542 S0l Estaal sk AL A A e &
o] Teshz A AR BAE BoFER g sts ot o] & f5f & Aoz AT
AAA ) log(FRAS) S WHSHSER AAATE o] AL AV R AL HF WA 5 Y FaT
Srolth. Agnigs So] Walshs /el AR AR WY W5l WINBRC), AR A}
E7](MOS) 9} ‘=2 0] 5-(RCD) o] v, 9143 1491 “QIAME7HPE)’, ‘W44 2 (EDU), ‘A& (PHY)’, ‘A
717ME(SFD) 2k ‘e A AIHFIR) Otk <o) Wiz st 4w of glod, 2 AtolA= A
FRIHC), AFALYIHCS), AT FADGIHCSS) 2 F28 AT HASZ = AFAF 1, AT
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A AT 2, WA 3, 7|k 42 BRFAT. AAWA L DRI 28] ARR R e
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PE < 6.7( 1 SFD < 4.1
SFD < 7.5( 2 3
107
PHY
4 5
<52
201
12 13
147 118
QRT at 7=0.1

BRC=C,CS

EDU < 4.9
4 7
121 91
89 120
22 23
107 52
QRT at 7=0.5 QRT at 7=0.7
MOS=1,2
2
59 7
PHY < 7.1
91
12 13 14 15
137 146
204 73 81 156
41 25
QRT at 7=0.9 UNQRT at 7=0.1, 0.3, 0.5, 0.7, 0.9

Figure 4.1. The tree models from QRT and UNQRT for the Al interview data. The numbers within circles or squares are
node numbers and the numbers beneath each terminal node are the node sample sizes. The observation goes to the left if

the condition is satis?ed at the intermediate nodes; otherwise, it goes to the right.
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QRT UNQRT
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(a) Estimated quantile functions by QRT (b) Estimated quantile functions by UNQRT

Figure 4.2. Fitted quantile functions of the log result of Al interview against log FIR for the Al interview data. The locally
weighted scatterplot smoothing is used for effective visualization. The left and right panels show the QRT and UNQRT
estimates, respectively. The blue solid lines represent the estimated quantile functions at T = 0.1, 0.5, and 0.9, and the
dashed red lines represent the estimated quantile functions at T = 0.3 and 0.7.

glol gl sl the 22
K

i© =) wi ) pr, (61, ©) (@)

k=1 iet

HEE3E dafolth. UNQRT= &

Table 4.1 Z} o] tjs) £9j58 Bo]Zo22 = 1004
A 1 E9Igoll A A A o2 QRTe] 1] 3]

© wol A QRTEY ¢t

2A% BFUSE 2ok OLSe] tulste] £AR H914 48 2AFo2A Loz Agus
SF WHEHATE QAT S B4 B 4 9l B9 TR AL e 589 EAA W el £sich 1
Pt A4 o] Fepvt hFS AT AL AR ZRE o B HRE A0A Fol ket o] 23 HEH
2914 8191 A AskA oS A9 BF WATTE B3 MMl T AHE W Ao AUAA 2
o Agatel AU Ar £AS 5 B 4 otk L Aol rndn 238 B
3] 9) ¥l UNQRTE 275k3 o] & 44| 2=o] & §5t9ich. UNQRTE 7] #9145 81712 U n
o AR el Hulste] Be A4S 7hath UNQRTE Hlmah A|oFA & Holgh Ale) 2 th £9]
S4B BAG FATORA B Aol WA BAZ sdstel, 39 1el4oA g AuE )
S 4 QLA kbl BEE LR Y-S A Alste] S5 A ee] qlet.
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Table 4.1. Prediction accuracy of the Al interview data of the ROK army

Method Average i
0.1 0.3 0.5 0.7 0.9
QRT 3.035 4.225 3.776 2.169 2.339 2.664
(0.441) (0.525) (0.477) (0.390) (0.407) (0.428)
1.2 1. 1. 1.002 1.11 .
UNQRT 67 667 553 00 8 0.995
(0.115) (0.129) (0.133) (0.098) (0.105) (0.090)

The numbers in parentheses are standard errors.

oA R A A Sitol ALRHAA £ Aol AW A80h2 Gl szl dve ax
@‘. & ofulshe Aol FYoh o] MEH 02 2A5H: A4 AHo] T Aloich UNQRTS
whstol ALRAAAS) Aakol 1€ AL BoAS SO sl e ole dakg =g
§it). E 3 QRT| thulste] 953k ol S 2t 348 & QSsheleh. ALRHAA Axbrh A o] ie) e
G0 S Aske) LSRR S1E &0l § A Y3k BAE & 4 99k ol 2
T ALARAA ] £YL 91 FBE BeIFS ©H5] 919 /1% ARE v} e

H—?ﬂﬂlﬁﬁrm
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4= 3 AYE 2 & (unified non-crossing multiple quantile tree; UNQRT)-S &-8-3}o] E4%F Flo|th B9 §H—]7]— AHE
1l A1 8|70l Hlsto] W AAE AXNAT AR e o e e A Al Aol glo] AkAA 7 7t
Holth. 1G4S ehaket mao] shuql 71& WREg sjuke) Bei Bl 24E B4 U sk BA
of BoleuE YRag e AAste] a8 Aotz BAZL Ak BF vlaA 0F EASHAGE Bge )
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