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Abstract

Despite the widespread adoption of Gradient Boosting Decision Trees (GBDTSs),
practitioners lack systematic criteria for determining when linear models are more
effective. This knowledge gap impacts model selection in applications where
computational efficiency, interpretability, and extrapolation capabilities are required.
This study addresses this issue through five systematic experiments that isolate data
characteristics: linearity dominance, feature interactions, extrapolation requirements,

small-sample scenarios, and interpretability needs. Our multi-dimensional evaluation



framework integrates predictive performance with computational and interpretability
costs, providing a comprehensive empirical comparison of linear regression and GBDTs.

Linear models significantly outperformed GBDTs under four critical conditions.
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EEFRFIZT)O IO ORARN 2 HiFE LT L, L1 $lf0 T TkE L2 H/MET
52 L2k, Lasso lZAEMWIZHRATETH D 7228 5 Ridge [8])f O %22 € ME R 2 R 9 A R
— AR EAERT D, L., 5 OMF% (Tibshirani, 1996, , pp.267-288) T, k7%
TR DIE O ARN=2DONRBFIEL OHEREZEZOICHEL TR, e,
Tibshirani (£, Lasso O RIZE T 28 &t 252t L. st D 1996 4 0 G 3C LUK O i &
ZlLbEa—L, AN ZARREHEEIZ L2 BER 2 Fe i EEIREE /) 2 5 L 72 (Tibshirani,
2011, pp.273-282), T4 5 OHFJEIE Lasso O AREH R 2R A EME ORI Z R L TWDH 2, 7T
YU TNEE OHBEERORZHRIIRITIRIEERI LT RN,

X 0 IRE e H AR E O S, Hastie H1IZ L » TR ZIL & 7= (Hastie et al., 2009), 1%
DIX, BTNV IV RXLT FRCDIEDZNATA-NYT AN — RKF 7 FT7VIERK
M, BEXOEAMEEINZ BT 2700 ufEM 2 mm Al et L7z, oo eE s v
KT oY T NEORNITEELRF RN R LT 208 FTx 0OFKREZ EET D2 R-HR
AREME-AEO ML — A 72 EEBLT DD DOEIFMN T L —L T =T ZRNTWND,
EAMEFEICBIT 2RO ERIT, TADLDOFELEIHICEHSIE TS, Rokem & Kay
WZLVETHI AN A= Tt e <REHLOB A5 RidgeFFZFH N7 A —43+25Z LickD,
INAR=NTG A= ZBRPUCEBIT DI LT 5@ CTHRRATRERF T A —Z{kL LT,
fractional ridge regression Z# A L 72 (Rokem and Kay, 2020), Tew 5%, Ridge [Fl/7 D
INANR—= NG A=K T DA ANT T e —F B, RERIEZ ERY . »oiREZE
NEWZ &R L7 (Tewetal., 2023, ), L22L, 2TNHDOMERIIMETT VY 7 ANTOD
REICERELYTCTEBY, AT —AT 4 Y T O LI RBRAMICR 22T 7o —F Lol
BRI ZAT AL TV e,

2.2 ABIT—RFa4TETFUOHUTILE

T T NIEORIEIL, ERFEEERANICAEE L, Breiman (X, 72X AT 4 LA
Mo, BEARNMSL LTIZT o F LT MY TR GFET DR TPHIGROMAGDE L L TE
AL, 7oV 7 VENFEEOBEEE 28 U CHRRTREELZHER LoD, SiHlic X -
TENEZHbEZER TE S Z L 2R L7 (Breiman, 2001, pp.5-32), il % O KDRE & K 4
DOHE OMHBIBMRICE T 2 OB AT, 7o U T ARENCE T 5 HE RN E A Rk L



e K0 EMAKREORBEFIEE ORI A BITERWICTEMI L Ty,
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ZEM L7z, 22T, 1.0 2 KIEIC LR 2 EIZEAEN LB FEITEH LRI, ZOREIR £k
LETNT —FT 7 Fx M THALBBN Z BT 500N TET T e —F 2R Mkd 5,

4. R

4.1 RE1: KBENBULLET—4

# 11, 5 EOME L EROFRMEICES N, BIBERSEMN R AR T — % O E &M
BEHE A2 R, MEEIGENEEDOR?A 27 0.0035 #iEMK L. R\ T Ridge(R? = 0.0040),
Lasso(R? = —0.0040) C& - 7=, GBDT FiEITADORYE % = L 7= (LightGBM(R? = —0.0011),
XGBoost(R? = —0.0020)) ,

TORRIT, T FERT v ARMBICHRIE CH L5 A . MIEET LN E OGN E
CRBI KT L OENTERERTILEEIEL T D, —F, GBDT E7 Vi, @
ICHEMEARIEMEEREZZELL) LT 2L TREFZEIL, MR LTADORMEL V)
FHME T EY bELHMERER L, ZHE, TETVOBEMERT — X OREN 2 L —
HLAWGS, HMLRET AVREMAET ALV LD EZWEICRLTWVD,

BT T V134 25.45 © RMSE i % 3Rk L 72 (BB [EF : 25.46, Ridge : 25.45, Lasso :
25.45) IZ%f L, GBDT FiEIT LV mnidZ% = L7 (LightGBM: 25.52, XGBoost: 25.45),
AR 0 21X FE TH - 72, Ridge 1% 0.0122 & L 7= D 2% L, XGBoost X 0.1522 7
Toh o7z, SHAP HHEFEH TR ZNENT, BT T /ITHM 0.001 BCTHBAZET L
DIz L. GBDT F151% 0.06~0.13 & L7, X 11X, R22 a7, §tEZFE, IR TEENE
IANEEDEBOREEICBWT, MEET L (Ridge, #E I, Lasso) 75 GBDT Fik

(LightGBM, XGBoost) LV HENT-HEEZRT I EEELELTWVWD, MIFET VIZIED



RMEZER T2 —F . GBDT FETADOMREEL R L., MIBENEAM LR YT U FITEB T 5165%
M@ ZRR L TWD, ZOKE, ThbLOREZHTAICEN L, BOBBESGET
CBWT, MIBET AN FHREE, FHREME BIOMBRAEED 2 X O THREITHE
NTWLZEERLTWD,

K1 RR1: BREELSPBHEGT—ZICETHSETILHELE
T7V AIEEERE ()  HERRFFR(s) RMSE MAE R? SHAP 5 [#(s)

L SIAGIEG 0.0122 0.0028 25.46 20.41 0.0035 0.0010
Ridge 2.2129 0.0004 25.45 20.40 0.0040 0.0012
Lasso 0.1266 0.0003 25.45 20.40 0.0040 0.0012
LightGBM 0.0574 0.0040 25.52 20.40 -0.0011 0.1289
XGBoost 0.1522 0.0042 25.54 20.45 -0.0020 0.0603

EF TS GRRERENET—9)

FiEE (R22O7) SR b (RLHER) HIRMEDR b (SHAPEHEISR)

o0
2
=

=
n}
o
o
8 3 5
B ) o s

LightGEM

ACBoast LightGeM

-0.002 0001 COX0 0001 D002 0003 0004 107 10! 10° 101 107 10!
K2 Score Train Time (s) SHAP Time (s}

1 B 1: RENEFBALET—SICET58ENTHRLEER

4.2 ER2: EVXEERAOT—4%

F 2%, REMLKBMELZELIEN %2> Friedmanl ¥— 4% & v b OMRER R 2R~ 7,
LightGBM 2 @ DOR?*A 27 0.453 # Ak L, KT XGBoost(R? =0431)Toh - 7=, MIEE
TR 0.8374 ORYMEZ #ERK L 72 (Ridge & #MIEER) . i R ® GBDT F& (LightGBM) &
B OB TIE (Lasso) OMEREZEIX. RPA 27 THI 26.6% Th -7,

ZORRIE, T X ICRENRIERELEERAREENDLIHEA. GBDTET AR LD
BTN — B RZADBENDICEVEMEZRTZEEH LML TWD, 2L, haER
FIIR 27T%ICBEY, HEaZA NIBBEETLOHN 30 FI2HMML TS, 2O L — R4
ZiX, DT REER EOTLOICKIBRHREY Y —RAE2EAT D & OZ Y ME2 EE IR
TOMEMEERLTWD,

LightGBM (ZFI#iC 0.1167 2 E L 7= D2k L, HMFEIFIL 0.0038 B TH V| fH 2=
FTHK 30.7T fFDENRH -7z, TRIEEBO DT M ELFdHaxroFELWHEMED L
— KA 7%, 2ICHREICRIN TS, ZOKIE, GBDT FIENSHBIEE T VI3 L TH
RERLBD DEREMEZRL T 5, LightGBM 2@ OR*A 27 (0.453) & EK T 25 —
T BT T V(R?=0.35TIC K D MEREm Bix, BHERFHE X b (8 30.7 55V Il B
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W) 25, ZOXIE, MEMRHEEREIEREZFHES VTV FICB TS, ETLVOEMES
CHEGEROMO NP L —RA7Z2HLNII LT WD,

£2 ER2: EWVXEEADT—4 (Friedmanl) 2B+ S ETILHERE
T IR (s) HEFRMERI(s) RMSE MAE R SHAP W (s)

LightGBM 0.1167 0.0039 5.132 4.098 0.453 1.899
XGBoost 0.1537 0.0033 5.249 4.176 0.431 0.594
SIAEIE 0.0038 0.0258 5.498 4.402 0.357 0.0015
Ridge 1.6748 0.0002 5.499 4.402 0.357 0.0011
Lasso 0.1144 0.0002 5.504 4.402 0.358 0.0011

EFNMEEEE (FREMOREERFPRVT—F)

FiREE (R2ZO7) SEOA b (SHER) WM b (SHAPEH RIS

Linear Regression I Lassa I
|

Lasso

LightGEM

LightGamM

XGBoast

LightGRM

e 107 102 10 10°
SHAP Time (3]

H2 RER2: BEOXEM#EMADT—4% (Friedmanl) [ZH T StEEESH

4.3 EE3: SiEMERE

F 31, AEHEEOKEE RS, 22T, xe[-L1THlENZETT V2 x€[-22]TT A
F&ERT, BIZETE 2 R? = 0.880, RMSE = 10.34, MAE = 8.25 Tix B O/ REMERE &2 2k L
72, Ridge & Lasso b [AlEE D PERE %2 7~ L 72 (R? =~ 0.025~0.065), *f )12, GBDT O MEREIX
L<IETF L7, XGBoost I£R? = —0.063, LightGBM [XR? =0.010% #Ek L. FHFH LD b
EHELLEWEEEZRLE,

ZORRIT, WEAR—RDOET VOHENRAEZAMICTL TWD, REANILINET —
ZOFEANTLL TR TERWNE WS REMREIFI A D 0 | SF 2300 F 7200 Pl CIE IR RE 12
BH SN T-EOHAEZBE I THINRTCERY, —FH, MEBET AT AT AN v 7 2BEHOE
ZEFOTO ., ARSI ~D BIRRAMFERAIRETH D, Z ORI FFR AT LM ) o0 i
mE. RKKROTRNRLERLZ L OREHEHICEW Tl TEETH D,

AOMEIX, ZUo X272 EY BN THIZRLTEY, RMSE iz 11.17 &
10.53 T, M FEOBRELIZERA%ETH -7,

IHEFRBMIC, TRTORBFETEIFERECENTEREL ER L -, BF R
(R? = 0.080), Ridge(R? =0.065), Lasso(R?=0.025), Z 45 OfEHR T, & . F 281
SNTHEOHBENTLIA PR TERNE NS | A= X FEOHGHII RN 2 FEIEAIZEA T T
HHDOTH S,
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£3 RBRI: MEMHEINER
TV AR (s)  HEFmEFH (s) RMSE  MAE  R?

L SIAGIEG 0.0013 0.0005 10.34 8.25 0.080
Lasso 0.0370 0.0002 10.44 8.39 0.025
Ridge 0. 4655 0.0001 10.44 8.37 0.065
LightGBM 0.0114 0.0032 10.53 8.47 0.010
XGBoost 0.0433 0.0034 11.17 9.07 -0.063

4.4 RR4: PREBRRTT—4

4T, n=100 TN p>nOREELZFFOT — X BT W FEEZHO ST Z27T,
Lasso 2Vid ¥ £5 4% 2.28 THREOWBFEEMIEL /R L, &\ T LightGBM (1.49), XGBoost

(1.23) Th o7, MEYE (5 E IR 429 x10'), Ridge (8.83x10°),

ZORERIT. BRIL/MERTFT U AICBT S EAMEO EEME A HMEIC R L TV 5D, Lasso
EFF M, LI EEAMEIZ LD RAERRBEEORK LB o2/ 5 2 & T, 2RISR E s
RETWRRLWMFEEZHNTWD, —F EAMEO 2 WRE RIS ETE 222 L,
FEMIZIHT — 225 ELTCLE-> TS, GBDT 7V b EREITHEA/NS 0D
DO, Lasso | EDOHEMFEM TR L TV, Zhid, FEERS 10 EAKEZ B2 %0
WEE 2R C, W2 EAMb ZF O E T LV OEMNMEZ FEFEL TW D,

XGBoost X 7l ## 1 #E (RMSE = 147.47,R?> = 0422) & 2 L7228, 7 A MERBIZF LK F L
(RMSE = 181.03,R2 = 0.048) (X1 3), M 312\ T., GBDT EF /L (412 XGBoost) ® k L —
= IUMERET A MEROB OB E R ZNRIEET L OBEMEME L Oxtt e L THRRENICR S
NTWnd, ZOXIX, p>nOHREICB T 2R LT VOWMTFPHFHZPMEICRL TS,
M7 v, K52 Lasso I%., I/NRO -7 A2 MEREX ¥ v 7 TEAZEALZ R L7ZDIC
% L. GBDT T3 iR% 2l %8 2~k L7, XGBoost I%. (X 528E 72 FIfs P #E (R? = 1000) &
7 A MERE(R? = 0372) COMG /0 E 2 m L, @mRoe/MEAR T T U AT 5 EAIE#RE
BT NVOENTHEEMEZ BT TND,
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K4 RRAIOKER : MEEABRET—FICETHIETILHELEER

£ 5 )L RMSE (ll#) RMSE( A +) R?2(Flf#) R*(F A b) a8 R%
Lasso(a =1.0) 20. 45 39. 04 0.989 0.950 2.28
AR 0. 0000 168. 76 1. 000 0.325 4.29e14
Ridge (@ =1.0) 0.0001 173. 87 0.999 0. 255 8. 83eb
LightGBM 107. 48 150. 83 0.696 0. 354 1. 49
XGBoost 147. 47 181.03 0.422 0.048 1.23

AfEREr TR MREDEE (MRETF—%)
RMSE {3ll&&)
175 RMSE (7 Z k)
150
1254
& 100 4
2
754
50 4
25
0 T T - -
,;S’o r%‘& 5;;0‘\ 3&5’ &
k & #° L ©

3 ER4:/PMREABRIOFTIAICETSBIME TR MR
4.5 RER 5 : Rt RO S HMHERE

KHIL, FWHHRO Ml I A7 ORERERT, L1 EAMEM E v P27 ¢ v 7 Bl A & E
DOMEREZER L7z (F5E =0.770, F1 =0.579, ROC AUC =0.775), GBDT €7 Vi LV
KW iEREZ 7 L72 (LightGBM (ROC AUC = 0.770), XGBoost (ROC AUC =0.769)),

ZOFEHRT Sy MBI DOIMRIT, AT —F TORAERIEL TWVWD, EHY A
MO X S R EENRIGH T, T— % OEMEENLBORE TH Y . HoMER AN
NEEREM LR DA MEET LN GBDT L R%MU EOMEEZ RS Z LN TE D, BT,
BYVAT 4y 7 AROBBEIIEHFEEOCERAY A7 ~ORBLEEEMR X520, &R
FlOBEPLLERTHDL, Mx T, FEDEOEAME (FIMHEH T 4.8 fF@md) X, Y
T A SO GEH W MR EERRE IS W TEERN R MEZ R,

0y AT 4 w7 AR AR 0.0155 #i2 % L LightGBM (X 0.0745 B CTH Y . Bz
AEMEL R L, K4k, HELMINAREEOm AN EEREZEHR T U FITE T 2BE
TTFNAOERENRFEZRLTND, BY AT 4 v 7 ERIZ, GBDT Tk L TERE
Sy¥EMERE (ROCAUC=0.775) ZERK Loo, BRI H 218 U CE #0922 i IR n] §E M & 2 0t
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T2, ZOKIE, MBETAVO _EHOFE, TRDLE0 BTG L. BHIETFS AT
— RN E =l DA 2= =Yg VICAAIRRERARERIRE T e A2 L T\ D,
ZORIE, INODORREEERUICENHN L, MEET AN TRRBEICSWWTELTWD T
T, PR LR L WO NTEMRFI S LR T2 &0 ) FEMZREZRL TN
HEWRD,

K> RROIDOKER : REROSBEIRAVICEFIETILMRLER

T AFREEE (s)  HEFRIFM (s) KEE  F1 =7 ROC AUC

Y AT 4 v 7B (L2) 0.0155 0.0275 0.770 0.575 0.774

0y AT 4w 7B (1) 0.0270 0.0168 0.770 0.579 0.775

LightGBM 0. 0745 0.0173 0.750 0.545 0.770

XGBoost 0.1720 0.0248 0.740 0.559 0.769
SHtERED L8

ERE (BWEZRV) FI1Z237 (BWEERLV) ROCAUC {BWEERV)

Logistic Regrassion Logistic Regression | Logistic Regression
L) wn L

Logistic Regrassion Logistic Regression

Logistic Regressian
{L2) w2

2

II—A—4‘;

o o °
3 gl B
o g [+]
= =3 =

LightGEM LightGBM LightGBM

XGBoost XGBoost XCBoast

¢o 02 D4 06 08 00 o1 Dé 03 ¢4 05 06 0.0 02 04 a6 o8
Accuracy F1 Score ROC AUC

4 RERL:RHUROIEMRREBMAEES T

5. FE
5.1 ERBERICE IS HEBDOFEM

FxDEBRMERIT, FIV Y —F 272 2F a3 VICdTHRZH LT o 2284l 87%
SN HORTEN R MZ TRRICT 5, BAIFE VY —F 72 AF a3 VICIERILY A
K ORBAED O D EEH T BT o R 2 #it4 5,

RQl: T— oML REDEBAMY

e Hy, Rt XBShd, FxoREIE, BBE 257 2 ER T m w203
KThrEe., BTSN GBDT 2 KIEIC FEIA Z 2R LT WA, B 1 T, BFT
7 /L (Ridge: R?=0.0040, Lasso: R?=0.0040) Z#iEK L7=DIZ% L. GBDT Fi&ITA DR
Zax L7- (LightGBM: R? = —0.0011, XGBoost : R? = —0.0020), Z AU 7 /L H O MEEE O &
BERWBAICHIRT 5L E2RBLTEBY, ETVOEMMEOEMAYIRICRDZ L E2R



L7 — 2 DBHEENREIC BT H2HEICHRIEET ARENLD & VI A DR ERIET 5,

elZ L, EBRORHICBT 2EERBEIT, 7—20 [HRIMBETHL) »E I EHE
THHETHD, EHBICBNTIE, (1) BANITHONT ey ML 2HTEMHRAE, (2)
WMIEET NVOERENN ERENZHOARNS - 2 RERVWI EOHKR), (3) MEET LV E
GBDT D& EMFEMRE DL, (4) o (ANOVA) IZ X 2O REKRE, =&
DFIEEMAEDLEL LT, 7T—FOHBBHEELFMTE L, ZHLDOZWFIELZEZIC
WHAT 22 LT, EBERITEURET VRRAITI LN TE D,

RER Hyp UNER) . XHIND, EBR4I1L, DMEARTTFT U FI2E1T 5 Lasso £ 7 /L DENL
M2 PR ERIIC R L7z, Lasso 135 E %% 2.28 THREDOBEFEHMMEEZER Lok L, ##
TE 15197 0D A 7 18 5 B AR B 429 x 10T H U . T 4Lid Lasso Dl FH %%k 2.28 L bl L C
FEFHICKE R EZTHDH, GBDT 5/ (LightGBM : 1.49, XGBoost : 1.23) % Lasso £ ¥
L BRI N E <, BB EVE S Ridge € 7 /LA RL i %E 2k L=, Lasso €7 /LD
EAMERE IR, AT — 2 PR TV LI E I T 28N kLRI L, =
NIT VC Rt oI E T 2t EEwmO PRl —8T 5,

RE H, OME)  XFESh D, FEBR 3 OIEMERIT. Tx ORE % Kb I EICEMT 56
Repole, MILET VL GBDT 7 v L RIENZENL EOENT-SMEMER Z ERR L 72 (F
JZF: R? = 0.080, Ridge: R? = 0.065, Lasso: R? =0.025) ®Zxt L. GBDT O##EILHE L <
. F L 7= (XGBoost: R? = —0.063, LightGBM: R? =0.010), RMSE fi (3% Tk & GBDT T+
ETIFERE ThoTc, ZNOHORFIT, MiE L, FFICBH SN ZEOFEHENTLMNT
HTERNENS | KRR—=ZAFEOHBHRA 2 EHENICEMNTLHDTH D,

RO2 : S+ E R L BRATREME D D47
REE Hy, GIEEREER) : XL b, BMEET L, IBDIERORTELVWARZR LT,
FER 1 TITBIBEIE A 0.0122 WZ2E L7-0l2x L, XGBoost 1% 0.1522 TH V. # 12.5
Fom#ElLThoTo, MR YTV A (B 2) TX 2, BFEEIFIT0.0038E2HEL-DIC
% L. LightGBM (% 0.1167 # TH 0 . # 30.7 5 OGN RF R L OF| S 2 #eFF L 7=,
& Hy GEMREFME) : BRXFIND, HBEETTNLVEZOERTENLTHRDIEEL L
7oo FRICENGZ A2 Tk GBDT FikICxt L Tl K TR 20 5o @ b 2 sk L7223,
A7 (EB5) TiE—# o GBDT FIENREET VE ERILZSGE D & o7,

OB EOR X, VI AEA LEBRLEAL—T y NOICHIZE > TEHENZREKZ
FFo,
REE Hy GREABER) : XF SN b, HOPMEARRIEIL, AR A N TENE, BREE
T VIEA 0.001 B CTHBA A AR L7colzxt L, GBDT Fi£1% 0.06~1.90 A ZE L, IR K THK
1,900 OB E LEOFEERL TWD, Tk, REMRMIRTRENE E HENALTIHOFA
F—N—y RIZET 28~ ORBZRIET 5,

R : TETUVRIZEDCKETFILERAAFS AV
it Hy (ZRTHBELLE) : XFEND, THKE, GEDE, MRATEE=2 AN B
FONNERE DORZ R MIX, MIEET L RNEN - EEAMEA2RET 2 4 >0 W iR >
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FUAEHLIT L, (1) BEBENEMART — %, (2) MEREKITY T Y A, (3) 4
ODEM, B (4) BRATEMENSEERICHTHD, EBRS51T. v VA7 0 v 7 BUFNHEA
Lo EEHERF L OEN MR (ROC AUC = 0.775 vs. 0.769-0.770) % AL L 7= FE iR
DR T, ZORKER LI,

5.2 BN TR LEBNER

Fx ORFOERZBRMFEIL, BERHERRREF O, BLISh MR AAY — 0%, #
FHEY T E R O AR AL A2 VC Rt oK E PR ICET 2 b D& —EKT 5, TV
DOVCRENBENZ E (p BHORBBEICH LT p+1 ) BN, TV 7kl TER
To/MEARYERE &t 7 B R Z ORI A2 T 5,

BE~OEBERT—SEYT 4 575 1,000 %05 525 0 F T, 550 HgE T
BEMEE VO BRICObEEMD> T 5, MTLOETGIRA > 22 v A& RO EEREIC
R —LVT v T LS. BIBEF L Wb R F R L ER o X N o KIE 7 B &
L, THITEEHD ATRBBICE > CTHELREEHEETH S,

MEtMmRRRE . RV TV ACORELIREET VO —HLEMEE (Eb65& 23T XH)
%% 28 GBDT FiE LV b F LLIEW) X, PHIAHERIRI BVEMLEL T H4EEY AT LI
Eo THER, BRLLRFNEEEZRL TS,

5.3 RRESED

&!hl;

]

Bx OWRIZFEEDOT — ZFEICESEZ Y TTRY, T RTCORABERIC kT L
FRLARV, ART 4ty hEFIEENATHWEN, EMEROFT -2 HHMOREREHES &
WA TWRVETREED ® 2, A% OB T, BT T L O MR AT & GBDT O Rkt %
MABDEIENAT Y v K7 Fa—F FIAEHRARERT 23 v 7 AT — & fi ik i 3%
SKHBETARBIRZ L —L T — 7 2RI RETH D,

#HFEE—MRIEATREME : RO TV AT BEOET AR L BT 270 BEMMIZEIT
hWic, BHLRBELELERNZFOMEICIERBLRER (fl: 22— 2 Y3 Y PHA
SarE) TIX, GBDT FEIZZORM R ZH#HFFT D, Ll FxOfRIT, FFlICEY R X
SR FISH TN RN T — 2TV AICB T, GBDT OEBMMEE WS T 7 4L FD
WEZEMEZRZT XETHLZLERBELTND,

MEtmmE . B2 OFRITIAMHR AN = 2R LTVWLIN, X RERERY AL XTO
EXRMEERBREIS, =7 2 ERE2MRIET D755, A%OMETIE, BlHlshz
ZOMIA BN ZHNLT 272012, FEEKE., 2IREOWE., BLIOHEEDT XLy —
RO RERMEEZZ O DLNE TH D,

6. ¥R
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AWFFEIE, Fxr OMETCRESINTZ 3OO —F 7 = XF g VR RICEID MH 2, B
W E FEEICEB T 5 GBDT O — A9 22 B ALV b 37 2 IR E Y 22 EAE [R1 2% 2 2 i 2,

6.1 Vb—FIOIRFa vOREERFETE

RQ1~ADE%E: MEET VX3 OORKEDT — X kD FCENZ FHIMEREZ AT, (1)
KL 2D BEP RN EZ R THE (BEBENEBMZR T U BT 540 GBDT R?
@%@ufﬁﬂ)(%ﬁk%%fﬁ@%ﬁn7x~&m%izé IR+ a GEFIC
i O I M Lasso O FREL 2.28 12 %F LR ENF1E4.29 x 10M, 2 U CTHEFE) . B8 LT (3)
TR AT B2 TIREIN R TERL 2GS WEZ 27128155 GBDT OMH#E
i F. R? ff-0.063 75 0.010, 2L > TREND),
RQ2 ~DE%ZE : MEET VITHEE LHE LORS Z R, &K 30.7 % # 7 3l R
Z O F VA TEERHER. BRLO 1,900 5L EmER@PA AR E Vo7, b DRER
mEXx, BIHOHEA—N—~y FEXLEL LARAWAKENRBRAAEEEHAEDSY | @M
A RN EEZRICHIZBWT, MIBEETANHEDEOH TERL TS Z &2 HMIZT L
TW5,
RQ3~ADEE: HADOZRILHMT7ZL—2U—27 13, EEFHITIC4ODTET R |2 H
DL HAARTA LV ERLNICT D, (1) BMEUENEMN2T — 2B XU E X X7 1TIEHBEE
FTLERRT D, (2) MEABKTY T VATIEIREET AV EELT D, (3) HEDRN K
ng%éﬁA IMEET NV EZRIRT S, T LT (4) BEFHOH 5 THMERE & AT L THRER
RMEOBEENGFETIH AL, 7 74V N THRIEET VEZRIRT 5,

6.2 BRMEIUREMER

Fx ORFBARGEIL, 7o TNELID OBEBETANERNE 2D 5EICET 5280 TO
KR RT T v A 2T 5, WitH o Hygor BEOPHDFERRTERIL, 7 Ry 77
77 —FEBLCRACESWE TR~ EBITT 2200, =5 R ESSET L
BRDO T2 DRI KR A LT 5,

WE TR (VC oo HEGR) & ERERBIE GEF I E VIl 7B ik O 7% Lasso 23 #iJE [
EHEE L T8 x 105 2L BRI O MR IX . FEER A2 )S HIZ BT D R R aﬁaODJEEIJ%*;&
AET %

EHEMNLTEBRMTE : KRxORIESNETA RT3, 3 DO BEELGEK CEBEN G
MzEFo, (1) AMEEZLEL T LRERS TR, 2 CTRIEE T VITEBEEO & O MERE % f24t
+2%—7), GBDT D RIZE LK T T 5, (2) VY —RIZHMOHHEE, Z 2T 12.5~
1,900 50w LR rl e 2 B Z /IR IC T 25, (3) BT VO FEWMEZ ZR 5 2 Bl
¥, T CHRBERBIET Y T VIETIERA T E W BLHI B A2 729 E AR R R 2
xR TE 5,

ETLERICETDNSAALLT L ZHORRAIT, ETFTABBRICBWT, #HST

XL T — X EEZEATL2EVI MR TEXAL LV 7 NEREBTH2HDOTH D, I
HWENTEZT o TITNIECT 74V THEHDLIDOTIERLS, EEFIIXT —X OB, EARY
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A ADHIK), SFFEO B B KL OBFIR AT EME O = — X & (KR AYIZFEAN L. R E O s S I
IRBBRZAT I NETH D,

& T—2EL&a—FoAK

ERBIMERAE L, SORIFREZREETI-DIC, TRXTOERa—F, G%T —
ZERRAZ Y7 NI, LT CAB S TW5D, httpsi//github.com/nshrhm/evidence-based-
model-selection U AR Y RV IZIE, 56 DDEBRIT XTORERY —Aa— R RRGFENLTWVD,
FEBEOSE SR, EMAR T A4 77V =Y 3 (Python 3.12.3, scikit-learn 1.7.0,
XGBoost 2.1.4, LightGBM 4.6.0) 35 X O'"— F 7 = 7 #§ 5k (Intel Core 15-1335U, 8GB RAM,
Ubuntu 24.04.3 LTS on WSL2) #&&e, UARY b U O@EEH 7 README 7 7 A /L IC 3CE
ftENTWD, TRTOEREERIZ. RAEDTZODFERRAZT —F LIH|IZ CSV 77 A1 &
LCRRftshTnsd,

ERT =2y ME. BEESNTZT XLy —F (b HIOFEITZENZENITK LT 42 +
experiment_id) # HWW T v 7T AMICAER S FL, B D5 REBREER ToIEM 72 #5147l 68
232, RBR7L—2U—2712F, 77 v b 74— LM TC—BLEBRZRIETD-DDH
BRAEFIENE TN TR, HERBEOECHT2HFMAMLELEEL TV 5D,

TRTOXA I 7REE, WEFEREFRAEFIEZEZDER2RFER e bar iz o
TXEILENTZ, "—FUx2THERE AT LAOEMT., LBIFRDOT-ODMEEN—2 T A
VEMNT A OICHRFEEINT, VAT NUIE, MURIREEEE L SOOMIE~DOT 7 A
P RKIbT 572010, 27V A5 47« af X Fr 4.0 HEE (CCBY4.0) 714 %
DFTIA B AZINTWVD,

TOTETFURICESSETFABIRO 7 L —A U — 2713, L0 EFHTEBN KR TS
FHEWICMT e HBERESZR L TEBY , EBEZEPBIHATRE LT — F Feth & BB ZERIT KD
WTHRIEET L E GBDT O TRIRT 57200, RAES N7 REEZ RIS,

51 - & XK

Tiangi Chen and Carlos Guestrin (2016) “Xgboost: A scalable tree boosting system,” In Proceedings of
the 22nd ACM SIGKDD International Conference on Knowledge Discovery and Data Mining, KDD ’16,
pp.785-794

Guolin Ke, Qi Meng, Thomas Finley, Taifeng Wang, Wei Chen, Weidong Ma, Qiwei Ye, and Tie-Yan Liu
(2017) “Lightgbm: a highly efficient gradient boosting decision tree,” In Proceedings of the 31st
International Conference on Neural Information Processing Systems, NIPS’17, pp.3149-3157

Jerome H. Friedman (2001) “Greedy function approximation: A gradient boosting machine,” The
Annals of Statistics, 29(5), pp.1189-1232

Trevor Hastie, Robert Tibshirani, and Jerome Friedman (2009) “The Elements of Statistical Learning:
Data Mining, Inference, and Prediction,” Springer Science & Business Media

Cynthia Rudin (2019) “Stop explaining black box machine learning models for high stakes decisions

18



and used interpretable models instead,” Nature Machine Intelligence, 1(5), pp.206-215

Arthur E. Hoerl and Robert W. Kennard (1970) “Ridge regression: Biased estimation for nonorthogonal
problems,” Technometrics, 12(1), pp.55-67

Robert Tibshirani (1996) “Regression shrinkage and selection via the lasso,” Journal of the Royal
Statistical Society: Series B (Methodological), 58(1), pp.267-288

Robert Tibshirani (2011) “Regression shrinkage and selection via the lasso’ a retrospective,” Journal
of the Royal Statistical Society: Series B (Statistical Methodology), 73(3), pp.273-282

Ariel Rokem and Kendrick Kay (2020) “Fractional ridge regression’ a fast, Interpretable
reparameterization of ridge regression,” GigaScience, 9(12):giaal33

Shu Yu Tew, Mario Boley, and Daniel F. Schmidt (2023) “Bayes beats cross validation: Efficient and
accurate ridge regression via expectation maximization,” arXiv:2310.18860v2

Leo Breiman (2001) “Random forests, Machine Learning,” 45(1), pp.5-32

Liudmila Prokhorenkova, Gleb Gusev, Aleksandr Vorobev, Anna Veronika Dorogush, and Andrey Gulin
(2018) “Catboost: unbiased boosting with categorical features,” In Proceedings of the 32nd
International Conference on Neural Information Processing Systems, NIPS’18, pp.6639-6649

Scott Lundberg and Su-In Lee (2017) “A unified approach to interpreting model predictions,” In
Proceedings of the 31st International Conference on Neural Information Processing Systems (NIPS'17),
pp.4768-4777

Christoph Molnar (2019) “Interpretable machine learning : a guide for making black box models are
explainable,” Christoph Molnar, https://christophm.github.io/interpretable-ml-book/

Hardev Ranglani (2024) Empirical analysis of the bias-variance tradeoff across machine learning
models, Machine Learning and Applications: An International Journal (MLAIJ), 11(4)
Lukas-Valentin Herm, Kai Heinrich, Jonas Wanner, and Christian Janiesch (2023) Stop ordering
machine learning algorithms by their explainability! a user-centered investigation of performance and
explainability. International Journal of Information Management, 69:102538

Jerome H. Friedman (1991) “Multivariate adaptive regression splines,” The Annals of Statistics, 19(1),
pp.1-67

Hofmann, H. (1994) “Statlog (German Credit Data) [Dataset]/” UCI Machine Learning Repository.
https://doi.org/10.24432/C5NC77

19



(REFMX]

BEERSOBBICET HREDN

RUSRMGHBTIRE &R
—XHRREZEICIToE REERIT] OTAMNEHEOREZNNZEL T—
Analysis of Errors in Standard Normal Distribution

Problems and Proposals and Evaluation

of Effective Instruction
—Through an Error Analysis of Test Problems on the Standard Normal
Distribution Administered to College Students of Arts and Humanities—

xR E!

Jun Sasakil

TR KRE
Shimonoseki City University

BEE

AL, BE PR FEHBEEESA CUBRRFE. 2019, T [HPEEEEE] LT
%) HEsEZ, MEHORENOBERREFHEL, TORNOEREERSAICET 5 MEE
By EFEMOKMEE MR LT,

Flo, BEERSMAOMEDORET -2 2 E A, IRWBRBETHIEEZREL., TOHE
EEEZITWV, TOHBEMRERIEL 12,

REERSMOMBEIC O N TIE, Ma#EcH L oGk EzHEESE, RELEZT 52
ET, EZXERICEAIAGNTEL, HEMHEMIZKIBE LERER T T VAIARD RN
FTHHEELTZ, 77 VAIRZHTDHRRIZONTIE, WEORMMAEZE I TV D,

F—O—F: RESW. HHNTHAN, REERASH

Abstract

This study investigated the status of learning statistical inference based on the new
high school curriculum guidelines, focusing on problems related to the standard normal
distribution to assess understanding.

Furthermore, based on past incorrect answer data for the standard normal distribution,

effective teaching methods were proposed, implemented in educational practice, and their
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effectiveness was verified.

Regarding problems on the standard normal distribution, having students draw graphs
to understand the relationship with the formula and then review their work led to an
increase in the correct answer rate. However, a significant number of errors persisted,
including those based solely on rote understanding and careless mistakes. Measures to

address careless mistakes still have room for improvement.

Keywords: Error Analysis, Statistical Inference, Standard Normal Distribution
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p(2.1) —p(1) = 0.1408 1
‘ p(=2=27Z=1)=p(0=Z=3)=0.4987 3 2 15
2 IE L AR 40
p(1) = 0.3413 3 1 1 2
D BEFE AR 2 [47]
—{p(2) + p(1)} = —0.8185 3
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AN AR A 24%F | Bk | 25 | F FLqf
2-p(2) = 0.6826 2
AN 55 D iR A 2 8
p(—2=7Z=1)=3-p(0=Z=1) 2
p(1.09) = 0.3621 1
0.3413, —0.4772 4
1+p(1) = 1.3413 2
p(2) = 0.4772 2
FEYE R B0 Am p(2.1) = 0.4821 7 1
D P A 2 1-p(2)=1-0.4772 = 0.5228 [47] | 1
0.5 —0.0196 = 0.4804 1
p(2) + p(1) — 0.5 = 0.3185 1
0.5+ p(1) = 0.8413 1
1+p(1.21) =1-0.3869 = 0.6131 1
1—{p(0.1) + p(0.2)} = 0.8809 1
0.3413 — (—0.4772) 1
0.5 —{p(1) + p(2)} = 0.5 — p(3) = 0.0013 (1)
iz U PEA 4 2 2 8
ERG AP 5 5 1
i B [ 5 4 2 2 1
N CHEE 1 1 13
&t 35 10 | 20 | 65 | 72
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IxF& 16, 17TDEY TH D,
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DB HEIE L T2 D% < 2 D72, GHREFBIEV, SREEEY, FAID FEWR ED
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®14 FMES5S:PO.5SIS1.5)DEE-RE-BEOAR. AEERX 2025 FELHE

H RE IR N E% AR e 24 HE
2024 F 311 | 241(77.5) | 56(18.0) | 14(4.5) “p <.01
2024 & 45 34(75.6) | 10(22.2) 1(2.2) n.s.
2025 312 | 272(87.2) | 39(12.5) 1(0.3)
2025 H ik 300 | 109(47.3) | 94(22.7) | 97(30.0) “p <.01

%15 MEE6: P(-2.55I=<-1.5)DEE - EE-EEOAR

H RE IR N E% R e 22

2025 # 312 | 281(90.1) | 28(9.0) 3(1.0)

®16 RES5:PO.SSIS1.5OREFOME. ODOREXFHHEEL

A 2 ELIA ¥l 24 K |24 %K |26 K& | 3 Ak
p(0.5) + p(1.5) = 0.6247 29(4) | 3(1) | 19(1) 25
""""" p(05) +p(1.05) =05446 | | | 1
p(1) = 0.3413 3 1 4 13
p(1.5) = 0.4332 2 1 4(1)
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R IE HL oy Am p(1.05) = 0.3531 1 85 1
D PR fFEAS S p(1.09) = 0.3621 1 [85]
2-p(1.19) = 0.766 1
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31



®18 BMET:PQO=DODEE -
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2025 H:AfE | 300 | 88(29.3) | 114(38.0) | 98(32.7) “*p <.01
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p(1.24 4+ 0.5) = p(1.79) = 0.4633 1
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5+ p(1.24) = 5.3925 1
p(0.5) 4+ p(0.24) = 0.2863 1
p(1.24 — 0.5) = p(0.74) = 0.2704 1
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0.5 + p(1.34) = 0.9099 1
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p(1.53) = 0.437 2 11 37
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1—p(1.53) = 0.563 1 3 12(2)
p(1.53 — 0.5) = p(1.03) = 0.3485 3 1
p(1.53) — p(0.5) = 0.2455 1
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REX O fFE 6
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T I p(0.5) + p(1.53) = 0.6285 (3] 1
5+ p(1.53) = 5.437 1
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0.5 — p(1.52) = 0.0643 1 2 2
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HThotle, Ma#inrd, EHSMOEKRZ+SICHME LN EE, HEMNAMIZESNT
BRI OB EZED TR EOBMAENBFICRNTZERE -T2,
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K28 BEERNATAMRUHMRTRAIOZRER O ORER. HMGHEIOEREE REBSE

MMART A N2 [/« RS &t

BT A N2k 297 (226,/71) 15 312
[ b K% 3 (2/1) 7 10
&Rt 300 22 322

R2 ERSHOMEOEZTENEILL RBEEE N=226. REESE N=T1
LEBROEZERLIRFERNTAL (4R). TROEEEXRIMERTA L (8A)

] R il ] 2 B x BiEH | RBEH A&t
72.1% | 25.4% | 60.9%
b | POSZz=<a) POOSZ=<116) |0.3770 2 2 2
97.3% | 97.2% | 97.3%
59.7% | 15.5% | 49.2%
2 | P(~a£z=0)| P(-051=z=<0) |0.1950 2 2 2
93.4% | 95.8% | 93.9%
59.7% 9.9% 47.8%
3 | P(~aSZ=a) | P(-1.96 <7 £1.96) | 0.9500 2 . 2
98.2% | 98.6% | 98.3%
55.3% 8.5% 44.1%
4 | P(~aSZ=h) P(-25Z<1) 0.8185 . - .
95.1% | 91.5% | 94.3%
46.0% 5.6% 36.4%
5 P@<Z=<c) P(O5<Z<15) |0.2417 - \ -
89.4% | 84.5% | 88.2%
38.9% 0.0% 29.6%
7 P(a < 2) P(25=2) 0.0062
85.0% | 80.3% | 83.8%
37.2% 0.0% 28.3%
9 P(Z £ a) P(Z < 1.24) 0.8925
86.3% | 88.7% | 86.9%
39.8% 0.0% 30.3%
10 P(Z < —a) P(Z < -153) 0.0630
86.3% | 91.5% | 87.5%

£330 BMEIDOERODEKIE OMNEE. xHARE. NEIXI/RXRI—REMRHE. plEplE

B1E | BIRO | HIRX REE | RO | HIRX aat | MIRO | MR X
RO | 161 2 ERPEO | 17 1 HEEEO | 178 3
H 1 X 59 4 H 1 X 52 1 REEEX | 111 5
M: 533, p: 1.64x107*° M:49.1, p: 1.20x10™** M : 102.3, p: 2.38x107%

31 HE2OERDNEE OMNEE. xBVRE.MEIII/RT—REHRHE, plXpfE

BE | BRO | MR X RIBE | HIRO | IR X aat | MIRO | MR X
REEEO | 130 5 EEO | 10 1 EWEO | 140 6
H 1 X 81 10 H 1 X 58 2 HEX | 139 12

M: 67.2, p:9.58x1071° M: 55.1, p:208x1071% M: 122.0, p: 544 x 10734
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B | WIRO | IR X REE | HIRO | HIR X aat | BIRO | BIR X

O 134 1 RO 7 0 O 141 1

FEAE X 88 3 FLHfE X 63 1 FE A X 151 4

M: 850, p:291x1072%° M:63.0, p:217x107 M : 148.0, p: 536x 107**

£33 BMEIOERDOEE OMNEE. xBVRE.MNMEIII/RT—REHMHE, plXpfE

B | WIRO | IR X REBE | HIRO | MR X aat | BIRO | BIR X

EfEO 122 3 EEO 6 0 O 128 3
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B | WIRO | IR X REE | HIRO | MR X aat | BIRO | BIR X
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