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Abstract
In this study, we created a model to predict long—term hospitalization(more than 18 days) among

The cost of medical treatment for motor vehicle accidents is increasing every year.

minor patients, which is the main item of increasing traffic accident medical expenses, using five
algorithms such as decision tree, and analyzed the factors affecting long-term hospitalization. As a
result, the accuracy of the prediction models ranged from 91.377 to 91.451, and there was no
significant difference between each model, but the random forest and XGBoost models had the
highest accuracy of 91.451. There were significant differences between models in the importance of
explanatory variables, such as hospital location, name of disease, and type of hospital, between the
long-stay and non-long-stay groups. Model validation was tested by comparing the average
accuracy of each model cross-validated(10 times) on the training data with the accuracy of the
validation data. To test of the explanatory variables, the chi-square test was used for categorical
variables.

Keywords: Machine Learning, Auto Accident, Minor Injuries, Long Term Care, Predictive
Models
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B (train dataset)®} A& vlo]Ef(test dataset)= S A t-testE 9% MU S WSS
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olEl &= 3381573t} UolE Al9s BE = 799 Mann-Whitney U test 2342 H=
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AT e 2 AAbsteo] H7EsF o). prediction model.

34 015 Zo| wpE MYHE Ao| 24 Prediction model T

Decision tree 0.914 (<0.001)

AFA 5 Rdo] /st Ao e} o Fo Random forest 0.915 (<0.001)
AR ARl freldt Afert fleA A Ada boost 0.913 (<0.001)
7l sistel A¥ HlolEHA did 27t A4S Gradient boost 0.914 (<0.001)
At F7HEA S HsiA A A H (power)
o A % QuE 7w Aduwzeo] WA XGBoost 0.914 (<0.001)
“ Az 27 ZHsjol sk webA kY] S.D. means standard deviation.
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Table 291 A|AsIA T 2o g5 7t
of 7V FastA AHeEE e AEE
Zt el Alolo] 2 Aol §IAA T random
forest®} XGBoost EdoA 71 =& AL
2 2t} Recall& 091, F1 Scorex= 0.88% 5

A mEe A BE g e ngh

42 ZH ofZZItof| wE MYHW T2 RO

7 mdo] A o %5 Avel uheh AR WS
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A8 dolEA A7YgY et Ardde
BlA] e A Alolo] Q9| W AAA] HIEo
frolsl zpol 7k #EE Qo1 (y2=95.259, p<0.001),

Table 2 Performance evaluation of prediction
models (Test Data Set)

Prediction Accur Pre Re F1
model acy(%) cision call score
Decision g1 48 089 091 088
tree
Random g, \s1 089 091 088
forest
Ada boost 91377 087 091 088
Gradient g1 95 088 091 088
boost
XGBoost 91451 089 091 083

A% wedol ®RE F71YADAG 1g7)
AgkA} Afolo = A 7F {olgk Aol el
% 2 tHdecision tree, x?=23.723, p<0.001; random
X2=29.791, p<0.001; Ada boost, X2
=12.494, p=0.014; gradient boost, x*=11.814,
p=0.019; XGBoost, x*=11.073, p=0.026).

e N

forest,

422 M4

23 delgolA Aridddaiet ngrgY
3x} Apolof] Aol whE} Foldk zo|7h #EE Y
O (x2=86.727, p<0.001), Ada boost$} gradient
boost®] = A Apolelli= Aol e A}
ol7}  EFI¥A  AUrHAda x?=1.143,
p=0.285; gradient boost, x?=0.301, p=0.583).
ol g2 mdol BFAy Alolo = §23 *
o] 7} 9l Sl th(decision tree, x?=6.395, p=0.011;

random forest, x*=4.038, p=0.044; XGBoost, x>
=5.927, p=0.015).

boost,

2

4.2.3 Ho|

A3 dlolgol A wgke] Fefgh vo] Afo]rt
TEE 2 (p<0.001), decision tree®} random
forest®] &4} Alolol= frelgk o]zt gld
Y(decision tree, p=0.532; random forest, p=0.096).
te wde] FRAY Abolo= fFog Aol
AATHAda boost, p<0.001;
p<0.001; XGBoost, p<0.001).

gradient boost,

424 &4y

_15_



Development of Long—-Term Hospitalization Prediction Model for Minor Automobile Accident Patients

Table 3 Differences in categorical explanatory variables according to prediction results

True value

Decision tree Random forest

Variables 3 3 3
X p X b X b
Region 95259 < 0.001 23723 < 0.001 29.791 < 0.001
Capital area—Metro city 0.652 0.42 0.285 0.593 0.008 0.93
Capital area—Chungcheong 6.517 0.011 0.192 0.661 0.959 0.328
Capital area-]Jeolla/Jeju 1.231 0.267 0.123 0.726 1.733 0.188
Capital area Gyeongsang/Gangwon 70.851 < 0.001 15858 < 0.001 24.041 < 0.001
Metro city-Chungcheong 8.202 0.004 0.62 0.431 0.826 0.363
Metro city-Jeolla/Jeju 0.14 0.708 0.008 0.929 1.37 0.242
Metro city Gyeongsang/Gangwon ~ 39.276 < 0.001 11.588 0.001 13.679 < 0.001
Chungcheong-Jeolla/Jeju 8.749 0.003 0.388 0.533 0.032 0.858
Chungcheong-Gyeongsang/Gangwon ~~ 60.14 < 0.001 4.105 0.043 4672 0.031
Jeolla/Jeju-Gyeongsang/Gangwon ~ 25.896 < 0.001 7.55 0.006 4.664 0.031
Sex 86.727 < 0.001 6.395 0.011 4.038 0.044
Injury 282134 < 0.001 17,049.481 < 0.001 20,103.684 < 0.001
R.ID.D? 0.123 0.725 0.871 0.84 2.602 0.107
RID.S® 181.827 < 0.001 16,645539 < 0.001 17,996.778 < 0.001
Dislocation—Sprain 102.732 < 0.001 17,798.245 < 0.001 23422911 < 0.001
Hospital class 786.729 < 0.001 1,234.465 < 0.001 1597905 @ < 0.001
Tertiary hospitals—General hospitals ~ 2.264 0.132 277.149 < 0.001 382619 < 0.001
Tertiary hospitals-Hospitals 13446 < 0.001 931.920 < 0.001 1,057.048 < 0.001
Tertiary hospitals—Clinics 55420 < 0.001 1,633.050 < 0.001 2,167.353 < 0.001
General hospitals-Hospitals  126.138 < 0.001 21.055 < 0.001 15414 < 0.001
General hospitals—Clinics 773522 < 0.001 46.126 < 0.001 48.99 < 0.001
Hospitals—Clinics 306.68 < 0.001 2.657 0.103 7.35 0.007
2% dolEel A A AT ALY B Apolo] % el o] wet o3 2
B Atolell el web e Aolzk A o7} BaE gl o (y*=786.729, p<0.001), 7t

59l o1 (y?=282.134, p<0.001), Z} =
B A Aol xE BE fofdk Aol Bl
21 tH(decision tree, y*=17,049, p<0.001; random
forest, x?=20,104, p<0.001; Ada boost, x*
=7,005, p<0.001; x?=11,880,

p<0.001; XGBoost, y*=11,329, p<0.001).

B

gradient boost,

425 27| FF
dlelgol A 714

ek Jlakeh w3781l

e}
R

7 RID.D : Rupture of intervertebral disc - Dislocation
8) RID.S : Rupture of intervertebral disc - Sprain

(e}
B AF Atolel e B fo)gk Ao
A tH(decision tree, y?=1,234, p<0.001;
random forest, x 221598, p<0.001; Ada boost,
x*=363, p<0.001; x*=807,
p<0.001; XGBoost, x*=830, p<0.001).

gradient boost,
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Table 3 Be continued.

) Ada boost Gradient boost XGBoost
Variables 3 2 2
X p X p X p
Region 12.494 0.014 11.814 0.019 11.073 0.026
Capital area-Metro city 0.009 0.924 0.89 0.346 1.434 0.231
Capital area-Chungcheong 5.072 0.024 2.048 0.152 < 0.001 0.996
Capital area—Jeolla/Jeju 6.782 0.009 1.353 0.245 4.092 0.043
Capital area Gyeongsang/Gangwon 5914 0.015 7.103 0.008 3.941 0.047
Metro city—Chungcheong 3.338 0.068 3.852 0.05 0.826 0.363
Metro city-Jeolla/Jeju 4.283 0.039 3.042 0.081 6.977 0.008
Metro city Gyeongsang/Gangwon 3.488 0.062 3.042 0.004 6.686 0.01
Chungcheong-Jeolla/Jeju 0.017 0.896 0.063 0.802 1.878 0.171
Chungcheong-Gyeongsang/Gangwon 0.028 0.867 0.351 0.553 1.624 0.203
Jeolla/Jeju-Gyeongsang/Gangwon 0.107 0.743 0.82 0.363 0.038 0.846
Sex 1.143 0.285 0.301 0.583 5.927 0.015
Injury 7,005.376 < 0.001 11,880.357 < 0.001 11,328519 < 0.001
R.ILD.D” 0.878 0.839 1.143 0.84 0.703 0.421
R.ID.SY 455796 < 0.001 1,374.531 < 0.001 1,260.248 < 0.001
Dislocation—Sprain 519.040 < 0.001 1,202.714 < 0.001 1,792.653 < 0.001
Hospital class 362.607 < 0.001 807.056 < 0.001 829.928 < 0.001
Tertiary hospitals-General hospitals ~ 77.093 < 0.001 229.327 < 0.001 193615 < 0.001
Tertiary hospitals—Hospitals 265.028 < 0.001 564.324 < 0.001 588.633 < 0.001
Tertiary hospitals—Clinics 538954 < 0.001 1,175.952 < 0.001 1,389.633 < 0.001
General hospitals-Hospitals 30556 < 0.001 12716 < 0.001 20.339 < 0.001
General hospitals—Clinics 79.573 < 0.001 45938 < 0.001 66.383 < 0.001
Hospitals—Clinics 7.884 0.005 8.739 0.003 10.457 0.001
AT E 20209 AEARE AN A oA A, A9 lelEeol tigk 571 HS 2
35 olgstdth AsxRE Ala R 19 Qo] FFgwi= 91.377~91.451011 7 29 Alo]
Ql S13 AW H(EFF el #d 2 Qe g, of & Ao]lHe $lleyt random forestot
dxt 9 R =E oA ALl dedd  XGBoost mHe] 91451% 7Hd vk mdE
24 169,074 & A8k 7T ES 9% AW Fakes U 2o advHe
2d g2 82 H&R T dolHe A 22 A A (F=95.259, p<0.001), H g (y?=282.134,
ol =z iste] APt B duHATS 00001), LFN B FH(2=786.729, p<0.001)
decision tree, random forest, Ada boost, = 7)1 9e & sael A7YDLe &A@
gradient boost, XGBoostE A}-&3fe] =8 + T Alolo] EE dF wdoq {23k zolE
A dF 22 Hrle F- odolE e A UEbth st Aw tol= mlmat Alo]d
g dlolE o FrIddEA oFe] AFwE A ao3l oyl BALYo} mdaw RE Ay
Abetol Rrhebglnh Bl AWy TREE S ol 998 o] BHolE R ekgrr}
A3 dlolg 9 feature importanceE %83} B omgol ol wa §Als As ol pol
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Table 4 Age difference according to prediction results of each model

Tme  Degsin  Random  Ada Gradient  xGBoost

LTH, 50.60 47.00 51.23 55.15 56.79 57.01
mean (S.D.) (15.05) (12.42) (11.99) (18.88) (17.81) (17.39)
Non-LTH, 47.06 47.36 47.36 47.34 47.34 47.34
mean (S.D.) (15.62) (15.61) (15.61) (15.59) (15.59) (15.60)
Independent samples t-test

t -11.701 0.175 -2.000 -5.194 -5.611 -5.291

D < 0.001 0.861 0.046 < 0.001 < 0.001 < 0.001
Levene's test

F 18.980 7.835 8.816 7.973 4.074 1.731

D < 0.001 0.005 0.003 0.005 0.044 0.188
Mann-Whitney U test

D < 0.001 0.532 0.096 < 0.001 < 0.001 < 0.001

LTH means long-term hospitalization; S.D., standard deviation.

Byun et al.(2023)¢] A+ ZAy+= g 2o o= miFo] At Aggk oF¥s A5k
dd 7IzF 119 ol dFEol o] decision o]l ARRE % Ak ey o] A AA
tree & 57 ERe] i ALLEE 0.78°] At AdeAEAA BAs AEstd, 7IdEHAd T
AT Fo5 o] 9 71z dSFE o F A= oA Zeu. meA AA gel
FS A= 8l A Ay, ¥R s Heol HANI A Zol7t = Afole HE
2(0.839), M=A Y @A 500.093), B T OfAREE BRI e F Ao A HFo] o] F oA
T_ghe] €4(0.021), ANEAS_FAb-A &4k oF dt}, B Aol AFRIANAHIFY A
(0.008) <=o] LTt 55 FAYE F4 dolHe 4% dtolHE Y
B =F3 Byun et al.(2023)¢] d= =d ¥ Fol 2dg Jidtel 343 Ay 7o Ae&d
7kl loj Al A m=(oF 91%)9F AL =(F 78%) golEe 7} Hojdt 5d3 o] HEE HAE)
2 H7h F& Aol Ao F =Y Rom, mde Hgwrh o PriEA G
Ao ert FAd =9t AT F8Es =y
SF7IH AAA (I EAF)} a7 He 7 A A0 do B2 g AR F Ut
(B 72 AFdA T8 8le= {fAF F 7124 delgd 2Y471#Y TH &A
shAl VEFRETE A, Ao yolet A AAHgnks &8st
AL7IE FASIAY. AAZ L7 3
52 A7 st ke 71 A A gl FRek f, Ao A A A
A8, a7 HA T 22 gYgd ¢
AA LA deoly FolA dd7izto] 18 AMgEe] Agste] A4E Folth olgh 9
ds dste A71dLdEAY HE&2 9.39% %A ARTES dF 2dd Fr7isdd o 4t
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