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A oME YA el dif Ad geiet ¥A AF71E sl ot 284 82 Ad
Eo ¢ =97t 254 ST UHER5-4T71. 2023 127). A971E 31%s +
Aste RS2 W AREY, 559 THE, SE9Eas 5& A= AAEH.

18



2. 99 St ¥¥ F2 B3

Yl oin 2 sy Awo] SBS EE oA 4L A 2UUHEA
2] gt sa, 2uPAAe] AYseo] ot Ao YA 4 ok

WA, 2UEHEA 249 Beisle] Y S FASE SelAs Avuast s
74 QL ARYHE AA2E A9 B9 YolHls FAoln, WHe] PAE 4 2
A 9 BEHAL Ucke FS AHVHFSY, 2022). ole FHL et AAS
2o G4, AHY 5 2% vicielo] Musje] ujet AUSY AN, AAUH Hgol 3
o ¥s o Webe ¥ opet oY v el fid A AL 232 Ilo] HA%
2o ApgomE AlYF wse udsly] oYtk FHOE efolHrhus 0|44,
2022). 20159 109 AYAAS HlEstel 20179 AM2SOH AQIA, HitolZAE
WAL, 20219 PACIFAEWAA 5 I FES Ledoqy ek suuHAdol
dolo] WAstelA AR iRe 2uWH Fxole] 43 W MY Basel o
sk 9ok HAE A4 AR, FE PEE, A9 5 Gl A4S A
A2 SYavio] AAZE ZEuH Adel B/ FUstas A saol gy I
R4S FYUHERA, 2020). YAZ FUY Y £450] UL FFo] AN FPry
NS 9% A4S A2 A2 547 BUad ZNd 248 53 A4k 20179
6.286704 20214 8474702 35971 Z/HACtRA, SUAUO YA AAWL-F
ot e AUHY G710 WS FUSECHALAA, 2022/04/01). FEol
WESHE PIHEAS 2AZ 20068 A9AE AEE0] 28.9%04 20164 42.6%2
F7MECHE T CHA, 2017), LT AR AEUUOIA LES AR wL-L4T 2
3 “144) vigte] WA F7bHT LSS BT 4 s L o HYY Holol=
27T AW EY “AEEHTL B3 0T 8] ook sl els A, 20220 2
A2 A2,

W, U ARE AEG 23t AUEHO AWH FAL GAST IR 7 94
16~174104 FES AolB2 o] Zyauo] At FAUAUAS] A Bt
AL 5] gicks WRE AZIECRE, 2013). 20164 144~15419] FopaHH
32.0%2 AW 21.8%el Hstel F7hek AL Aol 2009W(30.9%) ol 10wz Wt
242 uAd SUL WHEsts WolE ol sischs H(elg4l, 2017: H4el B
4, 2018), 20204 FAWA b Welfo] EWad W] v FRL s
ke A 2} o] A3t o5 BAS Wl slwshe AL AUsHA Utk WA,
2022), BA FelA BEHE BAL IPLE A 04 BRS IAFHoE WL
HojEz] REE HAYSHFES Ao AWHOR HIIAE WP} ofdne
AETHAASU), 2022)0] W) 2AR AAED Yok

hgOoE AR HYhae] Be S Annz AUNBS TS U
oM 82 Aadel $4H AFE ohiel FUHORE H4sial 19534 2u¥ A
GAlshs th2y] el Wae AlRlH S§e] Wiel /&L HE o] YeHoln
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Bt 98]2] 144] olet GAEAUAE IS0 MUk g AojopdE Btelsich
L AO|CHAA LA, 2014 UEAFEAAL 2016). 052 AT AuwaHe} Holw
7t A% Aot A3 glolAE AL ne¥ W, FANYLAL Y] met YKoz
Hg% o] okt 4% 104014 1940]e Audo] djajals WHAoG 2yay
o 72g WAski, WHe] 423 ol e wobAE ¢ Yol Rl FFseD o
of sihu ZATCHAES 2013 191). FY AOZ(HANAHEA FHo| A s|z2e
gugon Hus AL BRgT YF AL Js] Y8 doe, YAHgdNe 3
2H02 FHSHE 2L ofsl: HHE Ytk 1440] TEel PuE 4FF o]
oA AEEEbeol} X ARsEE 23 A9 wn, AFWTn et AUk
o] AA7] M7= AL ohi7] wiEo] WY oz UM ARo] wusH P Aol H
Use 9ol oo sd 1S YRl Bk A4S a3How FAHR
ole Boleh= ZoltHdAlR, 2019: 36).

et Adve) Holhe oldd] digh wh2E gieka) otk 19531 ofd MR 4uie]
AAF AT AAH Hdo] Wt Sitjehe 144 vlghdeld dgHow WA
2 A2 9 50| FHs] H4PEAL WIS 24 grks Fo|thErbA, 2020 155),
QAR Besje] sjzgdao] WHAel MYy FEE g AToN: HH9
tad d33 ges 2Use FA9-80F A% S50 Ady ayuse] Azyos
ols] HYeAAS Wojo} ghriiz ojEo] AujFHo|Agl 2y lalso] AZ UX] 27t
AL ohjul, o] 22 ¢l4g] T PARIL AWk HYFS EET AololE 4
dol= wW3AE Algjetos 7isks AW reindstrafrechy =27 40 ot A2
AAgcHelEel, 2012: 27). O ATNE PAAY AEt dwEe slEos duz
IS B 4 gl 4719 Hulof ojgt Heludo] ehtsln @S FAIPd9] wHAE
FAS Aoloz, Wyo] B3 kel U FEAES I & g Aol Y
2 8 wjdsis Zo| 38sA] gon] @Y oloje] (LYY HEHHE 8 o
gas SuoltastE v|gsis o] shasicka ARCHAINA, 2018: 175). HAHY
Se2 gy YYRojol 2UWA ¥EFo} RAlsls ddd Aesta 9ly] Wie] o
o] me} YSHom MYsUL WIS AL FE3| gt TAS AAL =9}
stk AolthZI A, 2018). olaiat 0] AaolA A2 Fad HHet A7E sz
A9 ol W' gdelsh Aplolu], B2 qlubiyYst YU Hyado| gt
o AT As] 88 Auvel Wuken oAALe] AR FESH Lokt
W 1 3L AT 4 ok FEE v =@ AAEcHeld, 2015).

A2 AEE = Helsid, gz dusige] BAsks 32 AUUHEA] 7]
zslo] A gasjo] qestn, AW A 27 9] PelMtE ARl THse
glae waolol §hoh et vt qldslgo] uisls SojA: Aols} o 4y
5448 ade 2dEsold @ BAAEAE, 123 Hsiel) gi A2 Axdns
oz ayve] BAEYSL QA 44 Yo Bee Adsta o

olo} tha qlgsiae] wiojslA L WAAYSe UL n2elA] ofu] AlsE guo]
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AGEAHAH £33 a3E A9 Ave ol 2014 99, 2019). & 97
BE A7 YA\ H, 19809 St AN =S AX AT 4dat
HAZE At vj=29 AEHE R oe 3, gA4eld 2 HAE e 2y
Aol viAls FEE AFE AMMSGOs FolM TEHel out, geEH2014)9] A+
7} wl=e] cpoFgt 2y PAlelSAEE sk dWsta glokd, vrHE(2019)9 A
= AH9] wrt FFE gvtold], EoA, AEE 5 oY S9N duEY s 3
oAl ztel7} glck F dTe AUARd oigt S =97 od EEET BAAEY
Wl A =gto] 29059 Utk Fol Acksla YEQ AE 2 Ax9 =Yo] 4A
2 g3gdel vAls d34E duiegdchs FoA FEEveit. SN kA x99
Ao +WAPE Ao 4E A= () A4S FIHE = 9t deolg Aad
£ oRxoz F2'slA= HE(ME|E, 2014 125), 2810 “YdFor}t 7 et
3 AFHQ FHAE 7N FAUA, AR YIYAE olF &+ e AU 95
Hrokelx] JFEs Y AEF2 Ay =olE Fof & "atU} 9ok AE(EHHY, 2019
106)2.E vpRaE| T g,

A oleidt A2 A 4T Y o AR AGE HF U ol 3% A2
Ao HEsE AFF AHeR diFo] 293 Bhvt sokRil, HAEL olF 4473
Agslsie figats HA AHS uj$ vEtHolng At A 43977 2
a3te], 23 Pz HES 1O3le] n|d oFgo] diFt HrEYEE AN F A &
the oo}, ROkt fdApdddojopdz ‘EA7NE PaAg o] HIHog TqFolof
¥ Zof = FHGHIE, 2022: 28)°] & 372 22 Utk £UAMES] g FAAEY
HIPAE AGE = 9le =7 TAEAY 9rMAT EAg ASlA Add HAE
=951, PAEYAFE S dsisls AL A 7INtst HHo] obd FHH dige] 2 =
9171 wWEelch(dd g, 2019: 121).

M. S771e] FAkeh 2ju]

L. A7) Mg 54

de] 4o dz2 SAZEE it 27 {42 B70E SEopellA AFESHG. 19724
AFEME oA} FATHArchie Cochrane)2 T4 2Al=e] 749E AdddHA 25t
A5t HHS HEStEA ZEEo| ettt 2H o 7|25 S2¥e] de4E AN
(9F8d, 2014). SA719r98Hevidence-based medicine) ]2k #ol7} E#lo]| A& 53§
A8 199149 Fivhd McMaster 8 Gordon Guyatt® =FofAjct 1= ddo] o4
H= gRle)d #ol= G HHE d=E =t Guyarts 71E28] FAPEEH A Qg
A3 FFE-Bole § A dHelgE gt IADdHE viustdA Faper 32
FetE A 7l £ A=l dasiagy Yo ol FAZ9EE Guyatt 59
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AT 2 Ylevidence-based medicine group)s HAGSHHAM A drHSIACHA Y, 2001).
FAZIgrejet wEe] ojupA|g & hE BRI David Sackett(1995)2 FH7|qojetg
ki) go] FeostEA 1 9R4E AE5H,

HE BT MUlAS HEBSIE HUEN AMUlAS HESIE 22 2ASE 2 Tist Hug 2
Ho| 7|eiohd ZESHD HEoHED e AT FEF YaAE(rendomized trial)2] SEHE FH,
HE ¥ X=0f OfFt YuH 2HE SHEHois YA 228 HEE O oot UCt OjXE wEH 4
Hols 87152 ONED Efgda 524 STHUAM BHESE HIGHH dH YHol 86k S
‘EH7|eeEevidence—based medicine) 0|2} RECHSackett and Rosenberg, 1995 620),

2o m=d, AN EsMe] s 2 3 dq wiE2 A oeEEsE YR
W= Aol tifE 2oAM = it f=o] A z4e] Hid, AlEA &kl 9
A ¥ =55 25 ot meirls A2 E7kssith ol ARelA gl 9
o0F ZAH7 TAsid £8S A7IEG S oAdA = A87t Bk sHAT, YR
= W7 2 vt 24 971g 5 ok A= oA degs Fred 4

T FHerEiet 247 REEkA ke dolth. Millenson(1997)2 thef 85% ol=
A7 A|H A7 gieH, dREE SA= 2500000 He gEAdE A9 9A @1,
AR A7 ddddE AAA §42 ddEe 32 AFEE. ol BEgstr] o8 9
Al o] digte s AAHEHGLY Aruse] A7 B4 Hibs A AR
T88 FA B oz epdchSackett and Rosenberg, 1995 d49. 2001:
Sherman, 2009). g& 24 Fofo] SA7|¥2 AepHoz HipMdo] Ud5E A=E Wop
of gth= Y] HEQ4 Fo, &7t SEAE 4F Y=red oF 8, 9254
AHEe A= HYU AR cigh TR, HEVHY odo] HEHe =2 ofESe oAREAHY #@
A 5 o=l A7 EHEeE fiTsds 24 I5E B 5+ UUTHAMER, 2014).

SAZIgreeE A gxe] Ao HE 23S WE o ddste 9 34 A o
4L HE5h= AL FEs(Sackett et al, 1996: 71), 7H9ie] Y=y A
dtolA d2 AdH A FolM HHe AE FuUsie B ARl HBSi=s e &
H2 o}, of7]Ad CHA'Z ofgbx|do] WESiEA 7E o2 E Y A HED]
o] ofefl cfAE == Slojof giof= Aojct. NS PAEHE 24l AAgle] YAHE
= &8 5 7led udssos Ad, A FH, @, dEof i et d3
ste S UEth A9 A Ad, AF Ax dHe 537t AeHEe s oFd
e AMEEel Rtk AS WSta, ‘#@A A2 A g;Re 234 sfEo] Hagt BES
A Hrlstal A ozd HEFT 5 flojof vtk AS ov[gich. FH7HRLg]
Mz "HHoutcome) 2= Boldf ofgt o7t Wasich HEHOE SAEE A 4T
ot g@do= AZsigo. g8z g4 ddgo] Sl Al §REY Asrr H4
A= B0 drpt A ==A Rz, d9ddds BT FEARE TS A F
gt S HYA 2717 aHs Feg olFFy old AEH, Ry duE o
2| A I Hsurrogate outcome) TF Sk=H], ojf ZEc] FA4ElA, EATVIEEE, AE3 go
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47F 71 @el #4E 7 '3F H3Hend ourcome) 2 BHE Teo] SIS Aol
ZHdgch, 8y dAze disldadet 3E das didE 5 gl 4R g dE =
of, H4M & A4 oo HEF %s AWstd FANS 00%7HA gAE &
ot fiokof HlE] AFGEZ 267t UM ER Y HEA HdiSd FER 42 F
ofstd YA 7= FA&SAT ik, A¥k9 SANEYdE =40 H7 %= 9
it o= di=ldazE 229 aNE wgd o AT AYdE HoEt, Ase FE
55 4, 947E 9E, AT ddolzbd 48 His B9 ssE0 JFEAE A
S46oF 9tk 182 s FAZNILE 0] Wi Axet disldnr) obd AFENE 2
g4, 2001: 3-4).

AEsiEd, FA7|EeEe] Yok SA7IVY] £42 3T 2oelAl Baddel 9dE
H4A9] 74, AGEA U (randomized controlled trial, RCT)TF Zo] A% FYHE 712
& HA9 34, JAHEFIHEG BAHrad) F4HY 7HA 97t 5282 /9% 5 gl

2. A7 FAHEA

19417] el2 20471 47HA] “AlElo] djgh T BHscience of societyf 2= QU7 gl
et Avbial S A AAY R Agaeld 2147 = HolSdA HA AEE9] 7
fio] 23514 E£ole o= ofAFN.S 535 A4 AuAE2 Algjatete] B3t @4E
st AHsiz|z oglE & ohdel AHAPALG AlRlSelA A dEE HsT -
ot st s9Uch® Stoker?} Evans(2016)o] @29, o] 3] g Alzzst
o] AHAIgH g2 = Fi]o|ct, AH = ‘YA Yt best practice research) 2 22 9
T= AAFZIEDG 7|E A5 AEste Adste whAeln. diE3H o7 B3 FA
tfgt F85 7S Hob Hrlsle A MY HE(systematic reviews)e|th, EX+= AlgjlEt
A7= AN AFEs= ST B H Ylevidence-based policymakingl & A YsH= A
o]ct.

Apglafeto] AHAIGE H#o] oo ofEA] of AWFch= ¥R A d(correlation)ol
Zlzet W¥2 ey 7 2ol ¥Eoldar, 1 A3 U d(causaliy)oll 7127 FA
S AYdA 5 At Y S woiof @ R AMEUC. 1990dd
FUEE 9=, &5, vF § 4vid 37 SH2E doid SAZINEA o digh Y
< AEHa g7 9 A& #EF A% AW olFet wEHA HIHLE F715)

5) 2007/089 2897 ol Hd HH AN ihe London School of EconomicskE HBFEG A3 oSRE o
AAeEo] Ydgk A EAE dS82] 29eA g E9cHPierce, 2008 Stoker & EBvans,
2016004 A1),

6) 19509 chiet 1960t oj=ofld ArEElErY 74 digo g oo Q1R/ AHEE Adsiaad she 4
Meso| YFHoE A|PE7|E SiEoh SHAITH AT xad HigtE £ AEE B AEE AR

4 9ckE 9839 7|d= ‘Nothing Works(Martinson,1974) 2 di¥i=l= 2)9]# 9l dAxA 57}t
19709 chef] So] dmel SR=AHA FA FAHTEZ-oH=H, 2021 291).
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Wk, SA7IN] #g ARREEHE =0 TS5 EA%Hpublic health), XS%Heducation), 4
2 &Hpsychology), APEEAEHsocial welfare), HHEHcriminology) 5 AMHES tId2= &
2 Folz FdEHA 2 7Idds SS9y 2, 2013 MEsh 2014 2
2, 2015 49, 2017, &52-¢HEA, 2021).

A7 WAPEE BopoflM ‘FF7|E A|qhAFeridencobased polldng’(Sharman, 1998), &
714t 1% g sjevidence-based - corrections’ (Mo oK enzie, 2000), ‘7 7]5F 53 ofjy}eridenco-bascd
approach 10 crime prevention’(Wralch and Farrington, 2001) 528 cjoFslA] Soi=ich, ®A
Halo]] ZA7IHHE =Ysikal TY HH¥HEHexperimental criminology) S =74 ¥HAHAIT]
Sherman(2009)2 28t} vpirix= HAHHE dGEA AP Anpdd 728 SHAE
£HE 87 9o FF519Y. ofx Sherman(1998)c] SA7|99 S842 U5
wol= AEEE. & AEE Eold I+ A7 gEE Agsie FA Ak
HE HE 5o 8% HAe] 7S EESte (A 2343 o &+ de AdE
TEI 1 HIAE BUiehe ATeE oSk, 7HEES(domestic violence)o] HF FE 2
g5 A7 dAZE S0 1= AN A0S f8S FAHE 2094 =g HY
o] HciZ HHEHUS o HHL PUE =S5 = 7|E Y Hbasic research), IFT 7|2
Avof M gAg WghE HA g4 FHBsio ZF 23 o] g4% FNE AEHN 2486
+ 47 Y Houtcomes research) &= T-2oFHCHSherman, 1998: 3-4).

g BopllM = FAFEE F3o] AZ7|=HUD, Sherman®] FFE B2 MacKenzie(2000)
= 97 9A4=E 4 T8 Ay 7 4T S22 asligst AnE e d(1~2d4),
By m2ES A Fdd 0% g2 HPeE o] Hu2E SstE dAT FAHE
517 @2 d703~47H), dEEAEYEeE AT v EddS F45HA o] B
= B4t 97 (5eAE &S, 34 3dA o) d4E HESH Faol FEseA
2 FHE5H §=AE mwAsel gtk 6t e 1A E Y AT 2l
digt My SAY =AR glo]l E3E0s S AN SA7IN 2P dEo]
oid "pdl= FE AERStUHMacKenzie, 2000: 469).

olAE SAZY HAAAE FAFHA; A7 HYn Ao IAHS AlREHUAE
Fdolv 2 74S Fepe|n A=l AFE FA ARt AEE SA FE 8
oz FES BrelAe BEE di8eld kgo|tHCullen and Jonson, 2017). Ak
WA o] YHEA, AEEA, 4E2A 4394 F Uk 48y SAE B3 AMHH
ojo} #ith= FFZ 23S sadsAol WAS Y9FY 2odd. J1ddk: FAH7
FAMEEe] B2 HHE T4 8 ol F st SA7IY BAFEHo] sAet HEe #A
= AFHE =+ e A7E 945U He2olt. FHAFA= Aol €999 454
MARG d5o] e o B4 7= B, dals AFA7E dA olsist 82
T = HE AguE AAst=d Y4gE Helo(BEEE, 2014). ¥50] 47 WEk=
A Foske B9 9743t HA e sy FEE7] ofHE Ad%eliM A
719t gAML sER FAE diAsy] A8 HEY s2dez v HEE Aok

ohE o s AP AL o A2t AR AEE FFohd HESNS
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AU EHE o FIEdYsS U o0l fie =71EEd R d2 e
adzt £el907] =, AbE oY 9% 9ot AR 4y Az |9V E 9 2 dads
T g9l de 245 82 & s AdA 3o, dEFelA AeE A=
F 249 A9 AYdE qESA, ¥EEdS Adsie A9 FEdE =0id,
A4 24 QoA sk old - BAF A5E Eole 7IeS €9Y &+ UCHEHE,
2022: 21). o=t FAA SAZIE FAPAL 49 SAS SHEe 1 BHY
gAEdAE 459 9= gel=t & 5 Sith

A4 dHE AAY FHdA FAREEA 49 2 L3 st =29 F4d U
. oAE Sddide Ae7tA dWE dEaT FHed Zlxg SAZY d7E Aot
= 7 9tk WEA o] =Rolde BAEEA dga Js =AM AT T
M F9E LAFHAS Y A7, IEL LAEHAY FJAAHE A0 diF F
Aoz dWEDA fof 5 ARKZ AW AR 99 =33 BRstY O HFHof ok
ozt o, AU HYsH ZA7E FAUEA 98-S UHse HAl(premise)
of &% FEY FohE, SV gAAYE dRte FA AR Qs 22 A=
E9Ye] 7442 9dE= " Houtcome) o gt FEO|Ch Ev £ AR @R A
AHE2 94T THES HEsd A FAE EEHY = SACINY HA $HE
g2 foe= FoA ofel cigh AAH FEE &8 2 B 57S R} i

V. £29A3380 B8 FA7|E A+ : 59 AHE FAHSE

1. AYE2(doli capax) B AL

HEgolA A w9 7P EHQ =9= A%-9H3 S4(age-crime curve) O]
(Gottfredson and Hirschi, 1990). 9=-33 I4o] gAlulgd =294 AlAsls vi=
AxE719E A9dr= 8% Aol sl Aold. Wilsondt Herrnstein(1985)2 ¥HARE]
H g5 #9E AFAE A et 43 ves A Fox gdFe] oHsE] dSdse
24 995 vFdes A& HAM. Shavit$t Rattner(1988)2 oldl Ao ofsf A=}
viALEE e Aoldfis o] EEiF AEERE HeEs AYHA g HEo] SATL
slAct =, ZEERON HAx 5 AEEH a9ld I A7rt SHEE AT vhAlE
BE 7F AEEA e UHA dg: A9 o= Slds FEeitH(Walsh, 2002).

ol digjo] g A= Helo] HF A TRHEIAL, 20058 W= M=
17828 A= A"ste £de] ‘AgtE A S Fse gt olFojHdY
ol e 2uz 4909 AtH AolE AEsts Al 7H YA olfE 22 4
olof w3 =% WS WeElr] ok, 292 9o 233 4% 9 O g7

7) Roper v, Simmons, 543 U5 551, 569-74 (2005)
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Fe AASHAHY wIsite H, £de0] 49Eg wE{H) 7Hside] At FE A4
st tHVenturelli, 2021: 1161).

o] WEZ Lo HApEde] EkE ZAE 3 dHE & UES EEHA T fERt
A8 FAHE 98§ A2 op9itt. 200109 Graham vs, Florida Teof4e 4wt
A9 Alejd] J|uigt Aolzt SI&S HEE ¥ HIEE FAE FE AEIACHelR1SE,
20150 444-445), vi= digde] #ehd FAE 50 £499 HYso] Aol viAA &
Fopal QIS A2 AS7A FHE Hiag f77 At AsETside Gs dEiEd.
JgcH, ol et ST Aadat 4919 HYed AeolE Aws=A 7N
ojd #E A7 E HdHEA

WA, Casey®t 525200802 217t 529 HE 9% 4= FPHo=z HES
A4 vgolt AY W5 A= S AAsed. ol 7IEY 94E viE L=
Fado] AEst 5ol o @ol 7igsie HeE H 799 A=(maturation)] F55H4]
%71 WiEelgd: FHIE AAF olgd S84 A 4= I9cke H RRMd ¢
Aok AAAEEH B2 Aozt Fdr] vBAE Tt s =49 M
(maturational imbalance model)'S AAIStEA, MRI, DTI, fMRIE 8% Qs 529
Hef dift AB4E8E IAE AUEY 7S SRS Casey et al., 2008: 2).

Hyatof| M= ABFW Hprefrontal cortex, PFC)O] A=2] HFEA oM S8 2o,
Z27] HFEREE o Erro)e) v4d=st dEo] F4de] AR BsE AEga 4
5oy, = PFCE] ulids wifd] T-geldde] dvisjza v 7igst= :Ho]a]—ui
K oldsdt ofsollAld | dHg sigio] WAbE|ojof §ir}, Casey?l 5EES2 Had
o] H91E ofd=} orsFE e Fd= Eol7] wiEe] PFC nidsties ’ﬂ”"ﬂ—-] H|% L
AEY = gioky Holn, ol&% 449 S84 8% F %0l HY MR oE
A7 92 ‘ﬂ’é drgabgol 2% Zoj=tal HoT Se2d 58 T2 A 582 1A
g2 S8 gds=d, e Z59 Aol oplel FEA Y £529 AEd 7=
g zleolct, &, ZHE AE 4Hs7] s ‘-'~}‘E AT Aot 52 dA45seE 9
= AggE B3 olFeojHd. HI ols 49 F840] PFC @g3 #doe] g,
-r]‘ﬁﬂﬁ = A9 gda H-o| 5’.1'4' AHAE EdiE T B8 Aelg] Ha B4
Holl F=%F Aolch Casey?l &880 A4S F42 mgstaA S8R5 Sl&e 57
719 A= Galvan® 52S(2006: 2007), Sowelldl 5532{(2003), Liston? 5E2&
(2006), 1=t E.rnstgl' FE2=(2005)°]c}.

Galvan¥} =252 34417 PFCY E5&% YEE Ao 50| £33 715354 =%
= ldx FEHcHGalvan et al., 2007: 12). ol&2 F4W7] @ AL A F
Ad RS A o sifoEos g0 =4 _1'_]"—"?'%'-4'? AaE AASHEH Galvan
et al., 2006: 6885). Sowell 5{(2003)2 MRIE B3 HAFIHPEFOY 7] H(basal
ganglia)®] F9& S5t A58 WE2 PFC 22 TAE ohis} 7jxz L2 3%
od Wg: s vy FEskEn He 7 R80T SeHEeE dWdsr| g Yol
o2t 29 7+ A8 (connectivity) D87 A58 BT HEo] Side Al #lfick
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(Cascio et al., 2007: 215). 91 7t 9184 A%= WA Zlwhite martter tract) TEES
& dolu=H, o HES B3 FE7 dE FHE o5 Wi H £ 7 534
8= A9y 47 #He] HCasey et al., 2008: 4). Liston® FEE(2006)=
ARFEo AN 7148 740 AE40] F52H(impulse contro)T A7} ATt AMIE
#Hoh. MRIE #E-§F Ernst9} 525(2005) 9+ H4A0] ofFolt 4o wisf w4
dig =gt S349 vk2o] FAFC T BHyEgn, o9} B2 ofEe] AL #AATHEY
S 295k FRolA9 9So] A9lo] wE) EH Fojrles Al= EYL webA,
HARY 79 € siiag wgd2 A gt M2 o waEdEE Holy, F4dd)
FAgigt SHH 3o F5Hol AFT PS5l rigsts AT WHE JH4e] U 3
3oz JAdr= APSuAY vids 2o B9 o SE BAHEE BASH
ot B4 HeAe d%ee] § FAdste AAM FEo] oig §eld 93] HEEL,
B4 43 4 AYsicHCasey et al., 2008: 7).

044 A B OChildren
bt = Adolescents 0.8
i ' Adults
s 0.3 8 08
én 2 % 04
= : 02
= 0.1 %
a £ 04
o
Nucieus Accumbsens Oirbital Frontal Cortex o Children Adotescents Adults
[2"1] ggyE 240 Oif SE& HEenEe| [J2] gy B4l OE MR £38 fE4d
MR #1& % H|i ZH0
= @ Children
E 2 ® Adolescents
@ e ® Adults
= 4 E
2 8 g 2
(=] - s T
g . . z
uE: . a & . . E 1
T:I:I’ o " % .m & :. " =5
& g
g . * ] .
5 10 15 20 25 30 -1
Ags In Years Likelihood to Engage in Risky Behavior

[O73] SEL 240 tet 55 SZA(-2] 244)  [O84] A58 HEYS Jsdn 2% MR
BIE 24 A g4 719 #A

Casey?l 8852 o] & 9+ 45 E2%9 7H'& AAs: A= AH8sigch ¥
o] TEH 48 AY 345 HdA FHEo] HETHE FAVIEE EM=d, ol A%
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oAl Aile] fEe] fAdstics A& 4 lHS: A8 ¥55 H=sA dchCasey
et al.. 2008: 7).

Dreyfuss® 525(2014)= MRl 9175 B3 HLdol ofsold 4glell =3 AHel3-
AME AZe o Ugs dgsi, Avizded2 A AolEks 7HEE AASEH.
6AIEE 274744 579804 308, 94 279) ddL = IMRIS AMESHY go/no-go HIAE
= A5, AdASE X, 95 32 4 7IFE F4E g dE BPE By
BES FEAWHge) $E27 f=thno-go). HAECAM mofsias} g #A2 TE no-go}
BE no-goolA] BoiAE0] Yihi BE LREAClY, HAEL 9F BES TR A
o= ANse] ST 48HGEHE g0 1249 nogo) F 2018 TEES s, B4 A,
Ago] THE 0 AEEI0| LoueHr(F=8.58, p(0.001) HAWO] oFET Helnrh Ex
of gt edE80] &9t 77F4 ROliregion of interest) 240 = 71 g, = 1
H ojEoer ALWU7) B4 FHINHadolescent-specific effects)7h, 2 MEHo g H A7) AJdr
B ¥Hadolescent emergent effects)?} YAEAL}. 35 oA S0 left orbitofrontal cortex)
I & HH5F0H(medial prefrontal cortex)ofl 1 djgE B9 2= sjojojolgt
(right inferior frontal gyrus), $= A4 E(right anterior cingulate cortex), =5 ALEF
Hlleft premotor cortex)fIM= 28 MEHE B eHASEF HS R TdY 4E
HEoM = 97 Aivdo] Fej HME B9l ¥ oz P42 Sinad g 23
= @905 WS AdFnE 9304 Fond &540] AS5HA

. 015 < Fatse alanmms 08 - LOFC 06 - L mPFC

o4 & Male
® Female &

01o = OA

02— 03—

L
-

oA

. R
02 [

04

1"
e ]
I
[fear no-gorcalm no-gal

[Peiar no-goycalrm no-go)
TR - |

IR signal change

010 4 T

-015 Child Eeen Aault L] Chiled Tean Adult ik Chald Teen Adult
b £

[0 5] 2EE 2ASEY BAA 230 U MR 212 R0|(4E Hd)

& pPoportion of emors (fear/calm trials)

o

' 4‘ »

S

HT‘"- !
I
Y|
‘1'*
|
MR signal change

Dreyfuss® 8252 ¥AH4187 A9 B38s 5 3499 55389 AAE3S
of7| gt 71 A (Somerville et al., 2011)5 ¥Ee® 8 A&lthrear cuel’t 35
Z2Fd vF= Y= HHEAT olE2 AW HEEH FHF 4o =gv] ¢
i d35od 299 wdy iR nE 7] fd4e] S85 UdEkA @ dA vER
t}il B9hHListon et al., 2006; Somerville et al., 2011). Y5 #Ad5ndo] HF09]
282 9= WS HA5mA HEq f4E X 2E oM Fasi. dEs

8) no-go “FHelY HEE 2 golof 5425l 4 H2Ec)M HES 5 PEE i
9) 447 54 ATt F2d7cAT Hdo] FEHAA FAHE f4 A2d7] A an A4
dri5g fdo] AL H55+ 78S UL
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GA 7F oFgt AEAHE QX EE S TAATFIE, Bl FFHes nxg Al o
| AtHCohen and Thomas, 2013),

Children Adolescants Adults

e e %

o e o e .

(1% 6] 9EE DX 292 S20E 2 JEY AlZE

o2 obFolv 4glat 28 Havo] HF 4Eo] of§t HH Afalse alarm)ll F==
A ¥rgste olf 94 siebdEmEs YS HdRnE 19 B e F71ef el Sl
3 RS o] R8s A4 #ENaE £Es 53] fEy 39E AsE gEY
T g HES FASE 580l 344979 7 dAstite AME A8 A9 Casey et
al., 200002} Yajstg i Dreyfuss et al., 2014: 225). 47| o= A3l AL} Z
A3 ok 24 W o A 992 ¥=rhe= 9 (Cohen and Thomas, 2013)=
o2 ol52 H4ur] EdA HE dErt FHF 459 g 52 U342 Foisid
A48 A8 {528 fEE|Eg 35 es vhEste dds ob| i fHsian

A7 Aol digt H7e Aot 1 S E AHEATHE 1. {2 FEHeE,
ALE719 543 fH 482 950 oE vdsa el ok Casey® 555
o] %t o E49 7H A HAA9 ol =3 HEFH 99 =2 d=ol 4
S-St 479 vE A Flegite AL W3S 2184 Epstein(2007)2
MRI®H 22 & #Eg7]|=E 3 AT SH= Tttt A% Sllsnapshon o oHEIAL
a5 A= 4EHAE Ushidi= ZlolA ARAS uistes A2 opyEa P4l
QA5 o] Agi=le] gty £ £t gty vhEsigct, O 938 ookt dooA
ALEY L 8(urmeills 8 820914 7SRtk =38, A= HAe SAS0 3
2yo] 493 Eos E40 #% 4 AR f8F + oy, 979F e
oFds 71 Aty & 4= 9.

[ 1] MU SHE HAE G728 BY

(H5) (LoD (M)
* B=E LCHM R0 HMY LT B
vaelll'ﬂ‘r 'EE'_“?J ITBE MRJEI' III‘.EM’H ﬁE‘.E’-_rlEi | 'T'J-'F-'ﬁﬂ 'Irz'ﬁﬁs'-' ﬁ'ﬂﬂlgﬂﬂk] E%'E

s2s i i gras  oooeol o s wC o oun Sus me wen) &

(2003) @=) e U7 FORSILHON HHS(0] FHOIM B
3 wcE of 30MMAS Z18)

Listond} cuxg ¢ HSMIAY 2R suye ooy Hus

BEE Cai (oo Al Iumas U= SUHOS ME BZA3iS oiasio, 0/

(20086) ki B 4BENE O 52 BH0 27%E HA
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T e ESTETN =
_(EE) (Lo (A2 = 5 Za9)
EWM O zeeha
" REAHO HP, MOISO| HaM0| FU ot
O, HEMS HSMTFO SMNMN U AP
B9} O3, MEHaZole o] g%
 OFS0IL 4OIY HETH EEM0 HIE§ 3
§340| A UEpom, o) 5 847 M2
Galvandt (g gy AR BT ML THSY 02 we DS FELE 2S S8
e (7-20M) 5 M REW o+ HAUD HA PRI BAURD U BEY
(2006) NS AE) SN B UZY $F0| M9 AT A AR W
o, OIESNEY REMS OISM O IME
i, O 2iE HEYS BES
« ZH HEAY SEeE 1" J1sd 29 3
Mol ATTOPI) U HH UERD 910 35
Galvana} MR 4 TeE SN gE4iE fRo g o
=25 Xy 373 2= 2z o 0| W=
(2007) -2 Aieay . MALT| SO, URE D28 SENY wE o
JHUE B7) EO0[27|H0 JEUSH JEsHE MEo] WS
M3 WY Wi} UE YEHEY 58 O
P B
Cohend} oA M2 SmAENY] HENS BE O
Thomss o1 1009 XPIHEY ZA _ 2 OA79 B O OJE MALT|0] FHES
;7 (=254 (gofnogo AIE) amseN oA SISO o A WeRE
2013 gk
o HAWIE AEE J23 BHME MBS0 6E
Ej‘gg;‘ ﬁi% A, HEAE YoM BSE
H [=] =
o meg O 603 MR Coor s UAWIY gEmol ¥se smuso i)
14 = (6-27 40 {go/no—-go Al®) E: HAMESE DEI0 HES HIEHL 2858
e A= % 93, sENez WSt Zus LY. O
HEME HI2EE UER XA MSHE S
HE

2. #Atol4(criminal transfer) a8 4

u=2 A AMHparens patriae)s HFHOoE LUHHAO| g Fol= EA oL,
1980dtio] Eof mEe] AWgHe] HdzHgd Se8E UelidAs e Az A
(qralet, 2014). 215 BAelEH Siuvenile transfer F2& waiver) 7R o]A HE7E 9177}
FEHA A BEEY gAEECR olFEo| AfuE LAY FAREES UE F Ss 7
5 st § MdE 83 B2 2dyel Ldyde] oid HAPHHEAN AFE BS
Ay JolwEio] SEHUG v FAT 2dAUARS] 535 ol 97t
sitbE FASHEA HAlolSARY o7t FHEAY AYE da0 S %S vAA
Hslot= H|Wo] H7|H U HFagan et al.,, 2004; Winner et al, 1997 Fowler et al.,
2018: Zane et al., 2016). 54 HHFEo|Y HEY 440 o=t dF axrf Stk
FAE7 e floy, Az 45E Ade] EE%E W 4We] APEcl =AY AP
4 7|17te] gotAe 9EFA7 SAHIG. v=9 FaleldA e et SA7M A=
U gAgdat 9y =o)of #ste] AAEE Al ecHebvie, 2014 ¥HEE, 2019).
oq7]4= FAZINE WrEe Yl 71R] 39 A9 AnE R g

A, Winner?t 525(1997) 7= E280 HaFoA 3%t Client Information
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System(CIS) dlelHE #&stgct. 198749 14U Aleldd Al 3142705 2PDes
sto] gAavlolSHET vl B(matchingyS B3 T2 2,70084 EES AYsiqdt. F54
7= AAEEF Ax7A d9 71, AAE 4= S2F0 375 199443 11
73] A A AAESED. B4 d3 gARlSAES 1.128%42%), FAolEsdd
< 1,163(43%)8°] AAE= AL, AHEE Fol= FAHLE sty fde, F4
H J5 gAolEAde] FAolsEE HS HAEEC] EHIUZ=-2.79. p=0.005), T
He FAelSATe] FAtelSADel Hisl MAEEC] o FUthz=2,53, p=0.011). Y+
delMde AdEE3HY A BAviolddde] FAolsHTREDG AAEEe] § U
(z=5.47, plo.001), o2 HIHREZ BACISHDZCl AAEZ20] W HWinner et al,
1997: 552),

[BE 2] McNemar ZSZa}

Offense Group Nyt Ny ** - P Valus ﬂurnl;:ar o
Pairs
All offenses GGG 631 0.97 232 2,700
Misdemeanors 113 158 —2.73 00s 609
Felonies 553 472 253 01 2,001
Class 7 34 53 -2.04 041 193
Class 6 &0 " -1.9 086 265
Class & 29 a5 -0.75 A3 151
Class 4 85 102 -1.24 254 379
Class 3 Af 61 -1.45 47 nr
Class 2 270 157 5.47 £.0Mm 886
Class 1 152 152 0.00 1.000 G009

2HAEHANA FAlelgo] A x] vA= IR F5HHALUWald=4.378, p=0.036), A4
A= AAE 714 E w0l A2E YAt Wald=16.533, p<0.001), BAlelS3t A
A4 FHIHY A2 QAR 7S BE s 22 UEHHWald=17.658, p¢0.001).
AEEYNM = FAolEe] AFAR 7Hs49S wole AL2 URYUS. A4EIGM= 94
olfAEe AHAE 7|7te] [AtuolSAY HAE 7RG FA UERdTHO-EIT=45.26,
p=0.058). ot FAtelEHTE HES0] o wH=A doiXcprt 1,500 AlHoM HEE0]
wAsHe o)l oahA QAsE FEE BHAn. Y Ay F A9 7 Al Y5
Fderhp=0.481), A FHAH A5 FARCIEHADT AAX 7ige] gAeSHT AAX
717E o FAHO-EIT=-47.46, p=0.001). ¥, AYAL] F5 FAelSHGel Aol
el Hisie AAZAA] Y Ae] wEA YEETHO-ET=32.48, p=0.002). BEHLE
Winner?dt §25(1997: 5592 A4t FHHAE Asil FAelEAR7E AHE A5
B} 9358 77 8 Bt i FESn. webd gAelSE 228 W o
=4 HEEos 27 Ale EHa90 AdHeE HEF AS AUk
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[B 3] WA= Oigt 232 F3t

Parameter Standard Wald Standard ;

Estimate Error Chi-Sguare Estimata Odd Raito
sex (mals) 0.501 0.118 18,00 -0.075 1.65
Age (4 14) -1.448 0.238 36.454 -0.135 .24
Age (14-15) -0.039 0,100 15,190 —0.066 0.68
Age (16) 0.320 0.067 22,598 0.076 1.28
Mumber of PriorsiQ) -0.735 0,299 6.063 0,168 0.48
Mumber of Priors(1 and Z) —0.414 0.0as 23,906 =0.085 0,66
Drug priar -0.913 0.389 8110 -0.069 0.40
Proparty felony 0.988 0.245 16.533 0.258 2n
Drug felany 0.705 0,173 6.606 006 2.02
Other felony 0.534 0.262 4156 002 1.70
Transfarmad 0.488 0.223 4378 0.128 1.58
Race = Drug felony =0, 764 0.329 5.308 —0.065 0.47
Transferred x Property felony =1.028 0.244 17.658 =0.210 0.38

Mate: Only results significant &t the .05 level are repnrt;d.
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B EI® B4A F3 ieEe ar3n odFe QPGE dand BEE B340 EFIE da@eR
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@ RS 3aE TEE REEE LR3E (NG AT JESE BINE DNEE BTHE Hedd
TIMERER TIHEDANR

RSP =maT el massssis gEOPFP=Eransfes STHATA L — ROOFeEALER @ e GROUF=cranafer

[2#® 7] Kaplan-Meier J2|I(2Z: HMHYE, 2= )

EFRATA

4, Fagan® §25(2003)}2 £WHE W Ho] obd FARHRoA AHES= o]
359 S #Esed 48 2 A S 9 SUsHEn FAkelEA
9] g9= AN A7E 585 o] f4HoE A9e #A47 A2y Fagan 52
Mz o AP AolA fAe HE9 2dHE OF dds vlug S4Y44 Sajes
HIsigcr, FEdge] 2E A5 98 dtA] EH A (Metropolitan  Statistical
Area) old AR WiFEE 7HE FEFR RAAF FEECN 2 2ES FESP9 o d
£ A=stEtHFagan et al., 2003: 18). 2T 1992d~19939 B Ak, 7154,
g AA20 2994 &L gAgFeR J4H PAAQs54~164)02 2382F2 1
202 AP0 w8 A 7155, ARHE 748 AUEE dgH ez JAgH
ofd Meste, wAATFE YT HHE HAE 298E 23484 Atk 29y
A AE FHA FREEAA, GAEA ARE w84 FREEYA =S50
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[H 4] £208EX BE Y 4 @Y HD(FHEF vs. FEF)
New Jersey New York
Anoravatad Aporavated
Robbary Asseuit Burglary  Total | Robbeny Bt Burglary  Total
% Convicted 58.7 57.3 60.0 613 53.3 4.0 55.9 620
% Adjounsad in contemplation
of il ok icted 0.0 0.0 0.0 0.0 .2 11.0 11.9 7.2
% Transferred to other
s kadiction 3.3 0.2 0.9 1.2 12.3 5.5 6.8 1na
Sanction_if_convicted
% Given Informal Sanction 29.2 25.8 24.0 26.0 15.0 46,6 21.2 104
% Given Probation 278 330 444 358 41.5 28.5 36.4 39.7
% Gven Fing/Restitution .0 0.0 0.4 0.2 0.7 45 0.0 1.2
% Grven Suspended Sentence 2003 156 2186 18.7 0.0 0.0 0.0 0.0
% Incarcerated 13.3 137 53 10.7 42,6 19.3 42.4 328
% Missing 2.5 1.8 4.4 a7 0.2 .0 Q.0 0.1
Mean Incarceration Length (Mes) 31,0 8.0 18,5 18.6 2715 15.0 26.2 26.8

Fagan®} 58252
H+3E vlEdd

A

Pericat

MERAY M= WHGEY B0 BE
A A A a0 AUddedname] va PIE ede

+ BAHAE0l AR THedE d2ATe e yREh, JAEHEE AAT 212 A

= HHedEE v gAY OE AE £919 AelE A5 A
vﬂﬂ'ﬁaﬂ e HA %8s vlesgc. £4 23 FAAFEdge
Hjs FEEAE7T 758 HIE°] EWHI07% vs 32.6%). YIS
His] S-HTE Hl2o] HAATHEL3% vs. 52.0%),
TS B A 2SS 4TEY,
69%), UIFE A9st £E, A, F7|4A

B Mew Jemey

BNew Yook
| S S |
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Fus B aAdyaeo 25.5% w4 Ustdnh. Fagandt $E52 AHYAAS st
24 gAelsA RS HygAel ot S dEs Ry FE5eo. 258 &
g 9 R4 FAYEAS AE FE 9 Hel, ¢ " HPE AXEE Aes 1}
EFdch. ol vkl AUHAA A FL 2858 AYrsAel =4 vEhd
olgjgt Adt= APATE B3 7IE0] e dEF 85k Ak SEYA AfHoA] £
st Al MojEchy st ctHFagan et al., 2003: 66).

A7, Fowler® Kurlychek(2018) 91+= #A94%(natural experiment)o] 71¥tsisct, =
Yz 20109 1985 A5 H(the Law of Raise the Age)'o]] T2 PAleld xS
1641914 1742 48l T2t Fowlers ME2L HE H8§ 3T A9H v s 819
t}. 20109 ol 164%E A2 FAHGFNA AHfo] A%, 20109 94 16
AMAE A29EE 2AHAM Aol AU HEo] F S v e sy FAolE
A Aol Aol A= G2 EoIE <+ gl AAL AEHA 4QYE F od
T A2UEE HAHE O Yol T2 = d=A FFohA &6l A= I
A AMRREH 20099~20109 7148 164 249 72, @7, HHREES
ARESEgIE 20109 AlEE 49 S04 20099 FEFIEC] s FHN=130= AYAR
TFEota] 20099 EEC= 19t 4 Hio 74" HE = 20099 1.360%. 20104
9010l £42 PA=R FEE EEES EF EZERE FAHIN=7.153), =5 I el
71489 HEN=2.261)C % o] AAEYHFowler and Kurlychek, 2018: 269).

[E 5] M B2 7|4 BEO THEHZH CfEt 2XAE SRS ZL

m 600 Cosfidet  SE m P m“"'m'mm" - Cosffident  SE 2: P
Juvanile -0.768 0.060 0468 0.000 Juvenils -0.667 0.111 0587 0.000
Comncted 0363 0087 1.438  0.000

Male 0544 0087 1.723 0.000 Male 0818 0117 2266 0.000
Black 0465 00869 1.592 0.000 Black 0522 0723 1.685 0.000
Hispanic 0264 0078 12302 0.001 Hispanic 0058 0338 172 0248
Aomnffmencan Indian  -0.2600 0398 0.777 0512 Asan/fmencan Indian  -0.132 0624 0876 0,833
Unknown race -0.717 0,57 0.488 (.000 Unknown race -0.21 0266 08806 0.648
Property -0.302 0073 0.739 0.000 Property -0.282 0,21 0754 0.020
Felony -0.047 0072 0954 05089 Misdemeanor 01323 0205 0875 0.205
Prior Felonies 0349 0049 1.418 0.000 Drug -0.238 0.44 0787 0.097

(05, **p(01, **pi0001

4 A3t 20099 BAERCAM AREE &9 F5 42%7F AAESGE, 20108 29
HEdA A2 29 Fo= 26%7F AAxE ez vedd, gE HUS FAsL
2AAY FHE dAT B, A4 BES 7|48 BE 25 AUEPN AHE4E 8
APEAECA HeEE ARG AAEEC] FouiskA BT cle2 %9 AHEE =°
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8 U= 242 d¥gstdsd 3o Aol flch Fowler2t Kurlychek(Z018)2
16M 29E 42" gAEH0A A=lsie dof X 7heds =t 23S B4
FYEzE dadeEd o] Ao S4H 9 vk 1ol

yld], Zaned 552010602 FARISAHE dtof H% d=E4S dASHEET o2
60079 & AEE sl 235004 164380 |+ ¥ s Fes gwgsie] 13
FEo9g. AEAE AHAEA AU AEE FIbEsE AMSHE] @2 14372 A9
a1, g2 217 FolA Hlmge] gl= 27, dedge] 298327 g= 27, AHHel F
&7 ofd 271, HEo] FAE 67E AYE 91 HF B4SHUHZane et al,
2016: 907). &4 #3, 57 7= BASA R 24 AR A2S wick
AYS =26 37 97 FAHLE foujehr] g2 L= vyt 14 97 ¢
HA gAleldo] AYE daAFle Bt foviEA deHdth e 2E 99 E Y
g 53l FAHoR {fonela] @tHodds ratio=1.183, p=0.168). B U3, HAiloldo]
LWl Ao vlals FHE FHEHo|AE FEH0A L ghobd HHFAY AT
22 FAE AN ofFd gE v]AA] Eed= Adold. ol FHEAE B8 3Eo]
A48 5938 79, 192 9 Foldx: ZHYEe 2 248 §9d 1 4834 §
Atolgo] FHHY] AP viA= FEE 370 AFelM AYe] Soksid 132 Aol
daFo S99 A3 oA fYvistA W%t S8 F EHEsT e 24
AR M = 24 f5elA Afe] FFtste Aoz yshd, ZHI HAeAE Axa7)
7t FA5oz Fovisied PAlolSo] ZHHH PP AA A EEhs ez ysiach

Study name Statistics for each study Odds ratio and 88% CI

Odds Lower

ratio Jrmit hmit  p-Value
Myers (2003) 2344 1077 5104 0032
Podkopace (1996) 1828 1010 3883  0.048
Lanza-Kaduce ot al. (2005} 1.774 1393 2281 0.000 —-r
Fagan (1896) 1.578 1156 2157 0.004 e
Drake (2012} 1.280 1077 1783 0,011 -
Winner &l al, {1997} 0948 0852 1,055 0339 -
Fagan et al. (2007) 0850 0713 1015 o.o72 -
Loughran et al. {2010} 0795 0516 1223 0,296
Jordan (2012) 0553 0320 0055 0.033

1.183 08932 1.501 0168 b i

0102 05 1 2 5 10

Farors Tramafer  Favors Mo Transfer

(2% 9] Forest Piot 24 ZoHE

Zaned FRES FUA 332 B A7 7 Aot Atk L WA AFHA
uhE derag S22 sigch B4 At AGAY APOR1I24, n% FEA A7
(OR=1.284, nsy= BAHOE fojuisix gt o|AME 4 Uehdch BARY 42
AA HlRg ATHOR=2089, p.00KE FAlOlEE & 97 WA ghe Ao Ay
7Hs410] o o AGELNYOR=0.6%. p0.036) AT W2 YAIES 8 F97}
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IFA %2 A5 A9 7Hsdel o I FEHeE o522 JEHEY F3t 841
ol5o] BEEYA Bxr} gicke A9 Aot dAgcy FHSEG. ol&2 FARE
A7} oldHolgts AHHE WAL, Ovt, A T o]AH2 BEA FHL ofd A
o7 Mo, giold £ ople g HEL AEH A7 U&E AHFUHZane et
al., 2016 916). 1= E4olM AHFreld F4E AANES O A BH}=7]7 S7)
ot= ZAoE Jedsd, olFg dEAE EJE sMstd FAaleldolA Aol Flgt
dgo] =80, I8 Zane 52 A74EAS FR4E AxoEA A¥EsuiAe] &
=AY AA 9 vuste HFEAHH A1 717 diged] Wy gaxrt sd= 3 7t
i 5 Qg B9cHZane et al., 2016: 917).

[# 6] H78H0 OE HERES Z2

Study Design Sy Odds Astio  Lower Umit  Upper Limit P
. . Myers(2003) 2,344 1.077 5210 0.032
N”"Bg”'”f"?“z%:"p:'““ Podkopacz(1996) 1.929 1.010 3,683 0.046
with Statistical Lontrols 4y 9 ctudies 2,089 1.270 3,435 0.004
Q = 0,143, [*=0.000, df=1, p=0.706
Fagan (1996) 1570 1.156 2.157 0.004
RSl i Drake (2013) 1,390 1.077 1.793 0.011
P Fagan et al.(2007) 0850 0,713 1.105 n.s.
All 3 studies 1,214 o811 1,818 n.s.
0 = 1852, I°=87.89, di=2, p=0.000
Lanzs hathuga gt 1.774 1,393 2,261 0.0001
Matched Pairs al.(2005)
Winner et al(1897) 0048 0,852 1.055 M5,
All 2 studies 1,284 0,595 2:373 5.
0 = 21.51, I°=05.35 df=1, p=0.000
Loughran et al(Z010) 0,795 0516 1.223 M5,
Propansity-Score Matching  Jordan(2012) 0,563 0,320 0.055 0.033
All 2 studies 0,600 0.488 0.976 0.036
0 = 1.042, [°=4.052, di=1, p=0.306
Between-Group

= 13.814, df=3, p=0.
Heterogerisity Q = 13814, df=3, p=0.003

FE3 o2 gaold TE 99 SAc A AolM= I 98l wolskA @A
e3lg 7T Zlos UEEHE 6. ¥2). WEATE ol 2 dES HoEH
Ao e dEEIAe 2 gaolES A Fejzia ¥ = g o vgEY o
Tl AEEruAPSM)E 888 A 272 BAelEs AYAE S SHs s
AL A% drdAe S84S5 FAE & 76 &% o 498 44N =55
= 395 & 9 AAS a7t 9t
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(B 7] A0S SUE HAR S7EY Y

A

E i,

#E|ECt Ct B e
214
874N CI5 oojE| Zddan e mat
Winner®t S35 502 DE HgAU Bl 24 OO} (Oge LUg BEHY HEZTE
—_ s —
& H =]
{1997 (1887-1004) 2,700 1 2,700 2 MipHEHo 2 P i 217
S M7
o3 gor o IRM EUNE MYEHD, HHHOZ MADEE HEF 2Ed ST 207 uEY
' o MADEE URY HESOD G Ys MIRd HEEo= Hay JeTt s

4, E848, fis=3 e RiT) ~
Faganlt =EEE TUERE HEEH AR EO A RANE A - Izragﬂﬂgn o=
(200} 15~164] L4 Og £4 OE A4 (24} "

(1992-1903) 1308 10618
ez go: + DIRfRIE HRSEE, HA0E0 HES HMEOs SHE YOcHA THo0, 262 FWOIL g

4% HES =HEH 243 §O| sis H2= U=
Fokwer & 20002 207080H| HAMEM M AUE MY FagaA
Kurkypcheck HEH D= 164 44 CiE 41 OF 448 w0y g Ayl BE HHZ
(2018) (20009-2011) 4,050% 31039 24
HIYE S ¢ BEARENM ARG MeD HR AWEEHS FERBC WETHsM0] Bl= HaFE LEN
Zaned EEE DE HiOIE HE

- - - B4 &3
{2016) w3 4
. 7 D|&= o il 8

wazF go HHEH = YAEHETT HYN DRz AR0 SAHSE RO BH LUEE

 EFENN DE RS BAHM 2EsME HPHMS AR HEHEEE EOc WA used

V. =9 SA7Y A9 Ag A

ol =
AR

o] == A5 FE= AYHY BAAER A9 st 2AE ST =24
SA7IY A-43471 B4 AR diE dEEEY 4R FR909] 4] ohvt AEH
ol g=#el B oAtEAe S84 %S vl Aol 7MY slol fEvRhEg 94
A AP IES AR V=Y FAZE AFAEIE 2499, ol f8 2dd
3 A9 SHES BT A 959 S dWEL, FH9 ke ¥ s T8
A7 d Da4d ds =g F, SA7IN HEA 2499 AYSH 94 g4
ojlEA o] mIpdd BF AFE FAHHoE ARG F8 WEE 8o, et
gt

A, 298H A7 Sigd] ot =82 F 7R F92E FE0] 7hesith #A, &
HH FH2F #Aste dRejHs 2AMFHE SO HE £ TEHA= el
ol AA4d R ARdee] wE HAol2s Y o= Hapt fgE oo v 3
gict, g dgelMs AvtEHeE LA¥FH FA7F st 9oy, B 4394 T &
7¥el= A%el 9ol 144 7129 49 s2 4590 Qiox 8 e =32 v
Aax9] HYsdo g zles YRofM= US| ¢ D] =R o] 144 v
WA A dEdez gAEAS dASke A2 =SEinT F=gact. 152 £4Sel
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Hofl cfg old=7 worilow HH 4 dd wt AT Ho] 7heE=E ¥
g shor goka Fguc i PP 29S9 kS TS| o§Ed=s dE A
Hste] 94 AP0 £ g2 Aol 9Es 78+ fioe Y8 =53 =4
= Axo. o5 FH9 HYFoet 2| HoFoprt wAlsie Yl SAEY
Yol A5 W&ol F o s ZAS 7D AdstA =olsiel ficta g%, v
oM el AgE 48 2dAbEEES REH 8AS AEkEA fEURE &Y
Apgolof 2 S0 71igt YAl di=ojor & Roteres AE =2

=7, gAvEd Agsg 24S o s 9o SACIY 949 284S HES.
BAgE FofollA AlRE FAHZNEE 204171 F4t AlBlAeto] AR Abgle] oji= AY
Ho] giAo] gt SAdes HHE Eojdesict 53], AH EolollA FAVME 71E
Q7= 7hed 53 o1&l A5 A% FHES HET A7 dEsia 1 EFs
FUst] AAE FEshe AEd 22ade] FoiA] dHesH e FH SAEES
AgsiAs o=y HEHAT. MTed FAEH Zoke] SA7NE sgle] TEH=
A7S0] B4 SUE o[2F =20 2T Utk ¥H, 2F3 olge] ofd HEH
28] gEshs FHolofd 2 v EI}H oY HEEHolgt: HIE SET & 9= dde
E qAFIS. A7 GAE0 g Yides Sl dupEo] Feholn g3 ¥
HogAds gASdes voprtr] i A= Hoter G F30] 92 €ody &
TS B

AA, BgAedd dFstE ZA2 #-ste] vlSolA] ool AN AFE ¥4d
ALY H[T HHe A7, 29 29 AEANS 9% gAY 2 AR
ol 2 E3S JESEH. HAR d4Eds P29 v=g H IE2 U ¥EE
P8 = 345 A= etk MRV DTIE 8% HA%3Y SASE 4= =+
% 7HdS AASEL, IMRIS EEE A7oiME 239 Arjz2dsEo] ARdo: 4
£0l =253 d=, 34459 559 58T 9e¥ siiudE 59 o ¥d9E 4
o =49 dHCA FLEE AgsT g5t 53U ¥EE o Bel s Ao s
w, Epstein(2007)9] 9HEMAE W S 4RHAE Adse AE9E HEAs
o doh. FAelEY B3HS I dve2 dwHeE AES dAs: Bt B4
oz fousi] gAL 2518 Rt A& HeiEd. AEAY orehEse] H5 ¥
Aol AFGAC v U0 95 UYEEAT o= A7 BAClES ey
AR 2AE Br= ofgt:. HiEREdole fAelEs Ede HAHLE 1 ROy
sHA] gttt =Y ZHY oM BAlelEe] AHE AAEHA Rels AL g
wot FriEAE Al oE Aol E4dMs AgEAE EET A4 BA
ol&9] APAA A7t 9= ASE Uehdch mEbd A dP4AE 9 A d7%
= 578 = flev, 9% § 9495 448 4= 3 Foo] 4AUA] ¥ "avt
St

FHE AdS SEiRd, L2dAdEEs A8t SA7EE Feske 9F 4720l
FHED oA, 2017; EHEE 9, 2020), FH SUZ AAsieit 43 SHd
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M= SAZIE A771 S84 #2 Ao] ARdojh. of® Sl "o A7 FA
A4S d9Esy] fF dfez # JFopuitt A#F Hd¥4dA FHE #AE: A9 £
st £4, 71 979 2 9 FAHYU 24 S SAYN dE A3 9] v,
HEA] digt g2 ZSE 9 fdA= 753 30, fEFU-MT AT Y
5 A5 7138 FAH ojyMEE Fo] ASHUHEAE, 2014; AMEE, 2014; ¥oiE,
2015 AP, 2017). 7€ A9 AiE a4 S FA7HeE 4dAEE O s &
4HoshE FAFEY A7AA =500 9le] E=8AFETEAAT o AERAE dAst
+ YHEHEE, 2014 ¥, 2017) 52 S8 nEE dictes oA,

Jv A4 &4 28 FEEc] A7E f718 ARt g5 EEUs 5T
Ao H HBEHS AASor sk HAETo] digdez A=9H FAZT A EFAY
(panacea)®] ofHets AMY' S FAE 87} UCHERE-USA, 20210 303). SH7I%
T O8h g2 v SAHZE 479 9 A B 455 ddser gt As
e E.

A, SA7N A= A9 oRRtE: mA7] wigo] Ak e do] AX 55
+ dztof] ofgl olaj7t £ESich Pearce®t Raman(2014: 39502 “#HeEA 4™ (RCT)O]
o] B3t Si=A €9 SAS AAE W, A9 493 HEo] g1 23dely 7t
AL AR d°S vidsielch dEe] dgEHE 92 FAS A st AlEolA
A58 BI7t o Al 22 FHEE Zlojde ol HES AT el o4
Z2ade] 54 F29t B4 MM At Htk= SA7F EASHERE AF A

& A2% o AEYME F5F AolE= 577 2asit. & 50| FSsi=Aldl
e SAEY opd=t HEE oY AR & 7hssite §7171 278 HStoker and
Evans, 2016). o[ A#HZ = L2WUAMEFES] SAZIN BHS 5] 8 39 4
T dHos oEsjol stz 4BolA 283 widolt AEE dgo] o Y A+E
ol E7H] AEE &+ ASAol g TUFE gof ATHAEE, 2017). o9 ¥4
7ige] =45k disd SA7 AT Al HET w2t ¥ AHE AR HET o
AWzt 24 vee 7Hede 242 AFEHE A M8, 2000). oFFE] 2AFelA
598 458 7= Y AlRlde 23 %5 5 7] vigeid.

4. 577180l dxsk= fAEA A9 7IEe] At PHEY ddds 3
I JURE 7HHE & o= 97 A7IE o= SA7INE #3867 HiEs
wol ¥= Wio= Hao:= SAZY §&24 o FHEd qPds YHs AL 73
Fo(ehsE- US4, 2021). oM dHFH FA) g =Tel YUt Sackertdt
52E5(1996: 7202 SAZNIoEte] Wagd2 gHAR FAMNeE A=YIHE AIHY

10) 2o AAF WE-2 d33 Aoke] AFshs AAY JEL o4 F S 4747 Aol 34
= 'Hade F98 H9 Ag9AH AYueNcommunity interventions for preventing smoking
in young people) ol de f&o02 20029744 +8H 4671 975 AHHe: JEF A A
Hats Aggete] 43 FEE diiEe ol ATAA Ayt Sicks 22 AASET ATHEE1).
= A2 20119 ST FAo) ois 20029 ol wEY AFESE AeHsie] oA @9 AA
A sty AIE BAHHTE AMoltHEE2).
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T 13, YAEHolA B YA AQle] XA fA RHqsficp oty Hl FA7W
THolA o ®EskaL, o FEsial, o mAFEo|HW, o T AmHo| 7IE YHEH
AdE A = AT, 2P0 RH SATY FEse AT E OE A 5/
{becoming tyrannised by evidence) & =& + Ut 53] A# Aol 9] AL =
FEXe FHP=T ot @ed 5 51T, B$FE SHEF FUAMAE =80] UE F
Ao #EEAdEReTE A AR Axse A2 e S AR BT
=gt 3834 97|12 AEF ] Rgsle FHWdold |79 A¥@vsd2 wiAR 71E
olhs HlmE AU AL AL, 2006). Pearce? Raman(2014: 306 ALEAA
dY 99H S o BT 71EE AR M HE® AdE s 488 9
{practical questE2h E244E £o]7] Y%t 7123 Y%echnical exercise) ol 749
24 A + b= MY =15 Yehd bt 2l

A, SA7Ide] A8 AEdE AES ey 1 A= 7AFSHHC| ALY o
A olA A2 5 Qo HiTelt}, Wittkin®t Harrison(2001)9] @24, S4= 39
3 A3E9 7lse] I=d 7ol A7 Hi 57 ARE FeisA, SANE FE ¢
7t o]5& Hil £8E HeAle WY AN Ues AojEta FHSIHTHE e A9
o, 200694 AAE). SH7IELEte] &l #ilo] HEEHE FA Spence(2006)= A
SrsAEol EA7NIE olgsiel Ste] AT WS HESHA R FAY W Y=
(AbEA A4S0l Hske dHi2) HoAdst Hofdwe] FAE Yozt vjusiag. 1
= THEAEATH FI vl AgziAet oAt S AAE wiAsH] &
UctEA SAZIE 2F=E%E & okt d¥¢e] @il stk Pearce®t Raman(2014:
397 = AFEAAESE FA8kE SA7INR] Adz dEET] fEiMe ARAes YiEA R
"8 d(transparency)®] EA=ejol L sl FH40 7IES slolHld FARR2 o ol
dsto] of7] wizelct, ESE FA7NNE Fske RS0 SREdE dMEs] A 2L
2 HAskE o TS AT o, ol HE ZA47F gdAs1 FAolgd] He
slojgt mdo] W ofn] S| &5 sl Hobksole o4l ofebEel HH m e
o Fart Sioix StSn. SA7INE ofE WM Ao &H EeE deE HY
o|g7] WEo|cHPearce and Raman, 2014). 4AE =& 714 FAF=ont SEFPD0]
H71gt Aol HEskl #AE SAF d=d WEHT BE A 1 oM 7 Fa%
olE ¥E F A= HolMFAE-AU8, 2006), olHF €l FHY Tart gichib
qF =0, 2oyt B4 Eoifid Axste AdE dad Bt foe $= 2%
wEEE = e 297 AEE P40t 2UAEARY U SE907) HHe] HEske
£UHE AP A=z FHEFs fl=rh S, 2017) 24l 84 =AE =0l Hi
U= AHEHF ATl SR AAged dE, AR olHgr Ao ¥ Wil
fict.

oj2igt Hiftol= S+t FAZINE o3| vigolct, ZLof o|F Halel FRIF £

11) S¥48 Aggset agsie dg =2 20079 £99 743 d38d 78 flsiey, 32
AR FAde] Axger FAE, AHATE F clvEsinA 95 5731 gl g/ g
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718vrct ggdt 24z S 32 1S Afliberty) & S85t= d otA57] o
Eolo}. o9t vjeEAo] Wdl= forest plot 2 §7= 1 AR FHo] HEO] 5
AU BAE AFSH = g0 23518 A= 847 EEd g FoM ofd Aol
BiEo|dl ofd sfifle]l E AFHQIA HAER RS HTH Eo|tHSherman, 2009).
A 4R YPME BE IS FAFHLeE FHPsH fA ook AHIAH 2G99
Al ek ZA SA7F Aod, Ao wge dAE% 3 AR A 3E4A
ANHE Ao oE JEFH A4 FAHY TS B ¢ YoEhsE-oEd, 2021).

JdejRg SAE FRI 948 gt F23 #E Zat gid SAZINE #A4
B9 284S FET Welsh®l Farrington(2001)2 BAI7H] £718 3 tojgof 7]
2% 3oy 220 Foid B3t 358 A3 287 g2 A4S L5HEA o
8% Yo} 2ol I, FEES, By § OE 2opof Wy E&47 2
T UEE ASsd. Ao wrgEAY f"E Ax sk SAHC PN e s
F=3] sty S3Hsle 4o FRsit= F2 A2 dgteln, FAMEE Eoke olf)
Folo] 537t 913 fi=A ¥ d=rx HES FA F5 350 vWF Bk wd
offE e FA @%d A TA] w2 o] #otd o, SHE SA7F sdH
4% 3471 fedE §52s0] 189 492 FEAs] f3 A3 FAE AAEHA
u okt SAE £E£8 & 9cHSherman, 2009 13). £ g& Sdo4 A7 A=
A7 Aoz wiggsz] gzt 84 =%to] Hil fi= Ao FEA] FEsHA B
Fi =s SYYetides FoA SHHS 7I5= U HTonry, 2010 794). 54
7lgto] FIojArd el SHE G vd AolEs 7idis «A% 449 = e A
A dee Z2 =38 FAclE ASEA dAY do| FEARE FAolE SAH7E
BE 450 Fog ANFSS How st o|dS wiE o+ A ok Feld 535
H AT public criminology) 2] F51114 sl= St dekol §IcHClear, 2010; Uggen
and Inderbitzin, 2010). 9t¥of] 1930~40c]f APg =30 H8E Thorstein Sellin,
1950~609d A7t 29 nzHEd]| Aofille Clifford Shaw®l Benjamin McKay,
19509 e FF/ise Zag 7|2z HI3S HH B¥4d FEUE 9T Sheldon
Glueck 5 %7 9A& H=Eot & W o|v] FAH7IW 3 TS & F790= &
=& 7Issitt= 9M(Tonry. 2010) 3T =27F ¥IEA] 22 FAAof & 22
2l A= EAE.

ol FAHAA A7 =TS FesHA o SA7INE FAREH lide] AofiEal
1 d84do] Axd Folk ofH3F] #AR|H FAH7N A7 RESite Aol ST
stk 18y o fhHes fHAse] s Aoy ookttt WEE A7 o] S
7lgtzl A%t Hepdo] ok §2 Aol EE 95 #d 7ol 22 S 19 E
= o, Wt oM e ofe] Eopola FE2 SATIN A7 S EHIE YR
g2k, ol HEA B SAZI FAEE Eokolld 5 SHE = AU, A
woFg] SA7I5to] 7Sl & gulsi=4, ofd BAHAS FA7INCE AT =7, T
A7 BAMEEE FoE Flor steAd digt EiEgt E&0] olejx|7|& ZIdi#t
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Abstract

Background
Decisions to smoke are made within a broad social context. Community
interventions use co-ordinated, widespread, multi-component programmes o try

and influence behaviour.

Objectives

To determine the effectiveness of community interventions in preventing the

uptake of smoking in young people.

Search methods

The Tobacco Addiction group specialised register, Medline and other health,
psychology and public policy electronic databases were searched. the
biblicgraphies of identified studies were checked and contact was made with

content area specialists. Searches were updated in September 2002,

Selection criteria

Randomised and non randomised controlled trials that assessed the effectiveness
of multi-component community interventions compared to no intervention or to
single component or schoolbased programmes only. Reported outcomes had to

include smoking behaviour in young people under the age of 25 years.

Data collection and analysis

Informarion relating o the characreristics and the centent of community
interventions, participants, outcomes and methods of the study was extracted by
one reviewer and checked by a second. Studies were combined using qualitative

narrative synthesis,
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Main results

Seventeen studies were included in the review, 46 studies did not meet all of the
inclusion criteria. All studies used a controlled trial design, with six using random
allocation of schools or communities. OF thirteen studies which compared
community Interventions to no Intervention controls, two, which were part of
cardiovascular disease prevention programmes. reported lower smoking prevalence.
Of three studies comparing community interventions to schoolbased programmes
only, one found differences in reported smoking prevalence. One study reported a
lower rate of increase in prevalence in a community receiving a multi-component
intervention compared to a community exposed to a mass media campaign alone.
One study reported a significant difference in smoking prevalence between a
group receiving a media, school and homework intervention compared to a group

receiving the media component only.

Authors' conclusions

There is some limited support for the effectiveness of community interventions in
helping prevent the uptake of smoking in young people,
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Abstract

Background

Cigarette smoking is one of the leading causes of preventable death in the world.
Decisions to smoke are often made within a broad social context and therefore
community interventions using coordinated, multi-~component programmes may be

effective in Influencing the smoking behaviour of voung people.

Objectives
To determine the effectiveness of multiFcomponent community based Interventions

in influencing smoking behaviour, which includes preventing the uptake of
smoking in young peaple.

Search methods

The Tobacco Addiction group's specialised register, Medline and other health,
psychology and public pelicy electronic databases were searched. the
bibliographies of identified studies were checked and raw data was requested from

study authors. Searches were updated in Ausust 2010.

Selection criteria

Randomized and non randomized controlled trials that assessed the effectiveness
of multi~component community interventions compared to no intervention or to
single component or schoolbased programmes only. Reported outcomes had to

include smoking behaviour in voung people under the age of 25 years.

Data collection and analysis

Information relating to the characteristics and the content of community
interventions, participants, outcomes and methods of the study was extracted by
one reviewer and checked by a second. Studies were combined in a meta~analysis

where possible and reported in narrative synthesis in text and rtable,
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Main results

Twentyfive studies were included in the review and sixtyeight studies did not
meet all of the inclusion criteria. All studies used a controlled trial design, with
fifteen using random allocation of schools or communities. One study reported a
reduction in shorrterm smoking prevalence (twelve months or less), while nine
studies detected significant longterm effects. Two studies reported significantly
lower smoking rates in the control population while the remaining thirteen studies
showed no significant difference berween groups. Improvements were seen in
secondary outcomes for intentions to smoke in six out of eight studies, atitudes
in five out of nine studies, perceptions in two out of six studies and knowledge in
three out of six studies, while significant differences in favour of the control were
seen in one of the nine studies assessing attitudes and one of six studies assessing

perceptions.

Authors' conclusions

There is some evidence to support the effectiveness of community interventions in
reducing the uptake of smoking in young people, but the evidence is not strong

and contains a number of methedological flaws.
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Relative Risk of Marijuana, Alcohol, and Their Combination on Driver Behavior in Fatal

Crashes in Washington State

Abstract

The greater availability of marijuana following legalization in the State of Washington increases
the likelihood that more drivers will dnve drugged, rendening the determination of its effect on
crashes a mutter of vital public policy interest. We examine the relative mak of marnyuana | Delea-9-
Tetrmhydrocannabinals [THCT), aleehol, and the combanation of the two, on fatal crashes in
Washington state, wang data from the Washington Coded Fatal Crosh (W A-CFC) Files, which
includes appended toxicology results. Propensity score modelling was used to match three
treatment groupings: (1) drivers with positive blood tests for THC, (2) alcohol, ond (3) a
combination of the two to drivers who blood tested negative for any drugs and alcohol. Findings
indicate the presence of aleohal or the combination of aleohol and THC in the blood of a driver
involved in a fatal crash 18 more hikely to be assocmted with nsky driving behaviors, fital injuries,

and death compared o THC alone,

Keywords: Martjuana, alcohol, fatal crashes, Washington
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Introduction

Driving under the influence of drugs (DUID) is a dangerous cnime and a senows threat to
public safety (Benedetti etal., 2021; Berning, Compton, & Wochinger, 2015: Brady & Li, 2012;
Compton & Berning, 2015: Dahlgren et al., 2020; Dubois, Mullen, Weaver, & Bédard, 2015:
Hartman & Huestis, 2013; Romano & Voas, 2011; Slater, Castle, Logan, & Hingson, 2016).
After aleohol. marijuana is the most commonly used and frequently detected drug among crash-
ivolved drivers in the United States (Bates & Blakely. 1999; Brady & Li, 2012; Compton &
Berming, 2015; Natronal Institute on Drug Abuse [NIDA], 2016). The 2018 National Survey on
Drug Use and Health (INSDUH) reported that approximately 12.6 million drove under the
influence of illicit drugs in 2018 (NIDA. 2019). This makes impaired driving one of the most
commonly commuitted crimes in the United States. Several studies have shown that
approximately one-third of fatally injured drivers in the United States tested positive for drugs
and 20% of fatally injured drivers tested positive for polydrugs (Brady & Li, 2012; Romano &
Voas, 2011). Even before marijuana became legal for recreational use in many states, it was the
most frequently detected drug among crash-involved dnvers (Washington Traffic Safery
Commission [WTSC], 2018).

Given the increasing prevalence of DUID {Berming et al., 20135; Brady & Li, 2012, 2014;
Dubais et al, 2015) following marijuana legalizanon for recreational use in states like Colorado
and Washington, considerable attention has been paid to marjjuana legalization because of 11s
likely economic, public health, and public safety concerns {Aydelotie et al., 2019). Of particular
voncern is the impact of marijuana legalization on the incidence of drugged driving. Yet, the

contribution of THC, which is the psychoactive chemical in cannabis’, to drugged driving and

FThe term caumrabis is commonby used in Burope while the word siarijusna is widely used in North Amersca to
describe herbal canmabas (Iversen, 208 The two terms are used interchangeably in ihis paper.
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any increased nsk of raffic crashes remains somewhat limited (Atchison, 2017; Dahlgren et al.,
2020; Lacey et al., 2016). Whale alechol intoxication is one of the strongest predictors of fatal
crashes (Dubois et al.. 2015; Kelly, Darke, & Ross, 2004; L, Brady, & Chen, 2013; Penning.
Veldsira, Daamen, Olivier, & Verster, 2010), the extant empirical evidence examiming the effects
of THC intoxication on fatal crashes has shown mixed results (Bates & Blakely, 1999; Blows et
al., 20035; Hartman, Richman, Hayes, & Huestis. 2016). In addition, most studies make use of
perhaps overly simple measures of cannabis. Most studies utilize data that includes a
dichotomous measure of the presence of marijuana and often rely on urine tests to confirm a
cannabis positive finding, which is a test that does not distinguish between THC and carboxy-
THC which is the inasctive metabolite of THC i marnjuana { Washington Traffic Safety
Commission, 2018). In short, carboxy-THC may be in the bloodstream for weeks and does noi
indicate that the person is currently impaired (Dahlgren et al., 2020). Therefore, the reliance on
urine tests and the inclusion of those who may not have been impaired in their analyses is likely
to have resulted in mixed or null conclusions { Ramaeckers, Berghaus, van Laar, & Drummer.
2004 Washington Traffic Safety Commission, 2018).

One of the major hmitations of the prior research is derived from unobserved
heterogenenty (Mannenng & Bhar, 2014; Mannering, Shankar, & Bhat, 2016). As there is a lack
of determunants of motor velucle crashes and fatalities involved in drugs (Fell, Kubelka, &
Treffers, 2018), investigation of potential correlates of fatal crashes and subsiance use might be
an inital step to conduct research on fatal crashes. Using the Washington Coded Fatal Crash
{WA-CFC) Files for the years 2008-2017, this study replicated and extended a pror research
{Anonymous) by wdentify ing potential confounders that are causally related to substance use and

fatal crashes through the examination of (a) individual-level correlates of THC: (b) ecological-
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level correlates of THC; (¢) vehicle-level and other external-level correlates of THC: and. (d)
substance-level correlates of THC. Given this research and the prior literature on the effects of
THC on drivers” risky behavior and fatal crashes, the current study attempts to further explore
the gap in knowledge about these effects by examiming the links between THC, alcohol, their
mteraction, and driver behavior and undesirable outcomes in fatal crashes using a quasi-
expenmental method (Propensity Score Matching and Weighting). Measuring the relative nisk of
cannabis and al¢ohol on driver behavior and fatal crashes s crucial to determiming the
appropriate policy modifications to deal with this serious public health and safety issue.
Literature Review
Marijuana Legalization in Washington

As of March 2023, 21 states have legahized marjuana for recreational use. Along with
other states ke California and Colorado, Washington State is one of the front runners in
legalizing marjuana in the United States. On November 6, 2012, the state of Washington passed
I-502 on cannabis legalization with 56% of the popular vote in support. Specifically, possession
of up to | 0z (28g) of recreational cannabis by adulits 21 and over became legal, but private
cultivation for recreational users and sale remaned illegal. Moreover, 1-5302 set up a per se legal
hmit for driving under the influence {DUI), establishing that a person aged 21 years or older 15 in
violation of DUI law when the person has 5.00 or more nanograms of THC concentration n the
blood while driving (R.C.W. 46.61.502). The law also established that a person under the age of
21 15 in violation of DUT law 1f the person has, within 2 hours after operating or being in physical
control of a motor vehicle, any detectable THC concentration in the bleod (R.C.W. 46.6]1.503).

Marijuana and Driving
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Effects of Cannabis Use on Motor Vehicle Crash Risk. DUID s a serious threat to public safety
nationally and internationally (Bemning et al., 2015; Brady & Li, 2012; Compton & Berming,
2015: Dubois et al., 2015; Hartman & Huestis, 2013; Romano & Voas, 201 1; Slater et al., 2016).
In the Umted States, cannabis 1s the most widely used illicat drug (WTSC. 2016). It 1s also one
of the most commonly detected non-aleoholic drugs in dnvers involved in fatal and nonfatal
crashes in the United States and worldwide (Brady & Li, 2012, 2014; Farrell, Kerrigan, &
Logan, 2007; Romano & Pollini, 2013; WTSC, 2016, 2018; Woratanarata et al., 2009).
Companing trends in drug use among drivers killed in crashes in the United States from 2009-
2010 to 1999-2000, Rudisill, Zhao, Abate, Coben, and Zhu (2014} found that the prevalence of
drug use among these drivers increased 49% (Rate Ratio |RR) = 1.49; CT 95% 1.42-1.55). The
largest increases in broad drug categories were narcolics (RR = 2.73; C195% 2.41-3.08),
depressants (RR = 2.01; C195% 1.80-2.25). and cannabinomds (RR = 1.99: C1 953% |.84-2.16). In
a study of drivers in fatal crashes from 1999-2010, Brady and Li (2014, p. 1) found that the
prevalence of cannabinol in drug tests almost tnpled from 4.2% in 1999 10 12.2% n 20110,
Moreover, the WTSC (2018) reported that after alcohol. marjjuana 15 the most prevalent drug,
and alcohol and drugs are the most important factors affecting impaired driving in fatal crashes
m the state of Washington.

The psychoactive chemical in cannabis, THC, has been linked with driver culpability
such as impaired driving, driving risks, causing shori- and long-term driving imparment and
fatal crashes (Aydelotte et al., 2019; Dahlgren et al., 2020; Drummer et al., 2004; Laumon,
Gadegbeku, Martin, & Biecheler, 2005; Lenné et al., 2010). Using a sample of Australian drivers
killed in traffic crashes from 1990-1999, Drummer et al. (2003) found that cannabis 1n the blood

of drivers was more frequently detected in single-vehicle crashes than in multiple-vehicle crashes
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{16% versus 11%). Moreover, Lenné et al. (2010) found that high levels of cannabis generally
led 1o greater driving impairment than lower levels of cannabis. They also found that both
alcohol and cannabis were associated with speeding and lateral position vanability. In addition,
several studies have revealed that cannabis use 1s associated with poor driving performance.
mcluding an increase in weaving, poor rezction time, altered attention to the road, and the
standard deviation of lateral position { Arkell et al., 2020; Hartman et al., 2015; Hartman &
Huestis, 2013; Lenné et al., 2010). Epidemiologic and case-control studies have also
demonstrated that cannabis consumption before driving may substantially increase the risk of
fatal crash involvement ( Asbridge, Hayden, & Cartwnght, 2012; Chihuri, Li. & Chen, 2017; Li
ctal., 2012).

Still, the evidence regarding cannabis is not elear. Some research demonstrates that the
effects of cannabis are not as pronounced as other substances. For example, in a study of drug
use and fatal crash assessment in the United States, researchers found that the presence of
cannabis increased the odds of a fatal crash, but less so than other drugs, such as narcotics,
stimulants, and depressants (Li, Brady. & Chen, 2013). Brubacher and colleagues (2019) found
that with a sample of non-fatally imjured motor vehicle dnvers in British Columbia in Canada,
there was no evidence of increased crash nsk in drivers with THC less than 5 ng/mL. Moreover,
findings from a by Blows and colleagues (2005) indicated that cannabis use was not a significant
predictor for vehicle crash mjury after controlling for confounding varnables (e.g., BAC, speed,
and seat-belt use).

Many questions still reman about the effects of cannabis use on motor vehicle crash nsk
{Benedetti et al., 2021; Dahlgren et al., 2020; Lacey et al., 2016; Leané et al., 20010). Particularly,

the contribution of THC to drugged driving and any increased nisk of traffic crashes remains
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unclear (Atchison, 2017; Lacey et al., 2016; McCartney, Arkell, lrwin, & McGregor, 2021).
Indeed, while alcohol intoxication is found to be one of the strongest predictors of fatal crashes
{Dubois et al., 2015; Kelly etal., 2004; Li et al., 2013; Penning et al., 2010}, the empirical
evidence examining the effects of THC intoxication on fatal crashes has shown mixed results
{Bates & Blakely, 1999; Benedetti et al., 2021; Hartman et al., 2016) with lintle attention placed
on the role of cannabas in polydrug use, Other research suggests that while cannabis 15 a factor
mvolved in nsky driving behavior (Asbridge et al.. 2012), aleohol is a much larger nsk factor
and that the magnitude of the interaction between alcohol and cannabis may be overstated (Woo,
Willits, Stohr, Hemmens, & Hoff, 2019).

Eftects of Combining Alcohol and Cannabis on Mator Vehicle Crash Risk. Interaction effects of
multiple substances on drivers involved m fatal crashes may be substantially greater than the
effect denved from one substance (Brady & Li, 2012: WTSC, 2016). However, several pnor
studies have reéported weak or no interaction effect of manjuana and alcohol [Lamers &
Ramaeckers, 2001 Liguort et al., 2002). For example, with 12 subjects (4 female, 8 male, 1
Afncan American, 11 Caucasian) between the ages of 21 and 45, Liguori et al. (2002) examined
the separate and combined effects of alcohol and marijuana on simulated emergency braking and
dynamic posturography. They found that there were no combined effects of alcohol and
manjuana on driver mood or behavior.

However, other empirical evidence has generally supported the assertion that the
combination of alcohol and cannabis creates a higher nsk of driving impairment and fatal crashes
{Brady & Li, 2012; National Highway Tratfic Safety Admimstration [NHTSA), 2000). Indeed.
the presence of both cannabis and alcohol is the most commonly discovered poly-drug

combination in the general driver population (Berning et al., 2015), and the combination of drugs
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anid alcohol has been found to be the most lethal in terms of fatalities { Dubms et al., 2015; L1 et
al., 2013). In a double-blind and placebo-controlled driving simulator study of Australian
yvounger drivers impaired by different levels of alcohol and THC, Downey et al. {2013) found
that performance was most impaired when drivers had both aleohol and THC in their blood.
They also noted that THC was higher in the blood when consumed with aleohol and that regular
THC consumers were most impamred in their driving and had higher THC levels mn their blood.
Several simulation studies have shown consistent findings that use of alcohol with cannabis
made drivers more impaired, causing even more lane weaving (Hartman et al.. 2013; Lenné et
al., 2010). As Chihun et al. (2017} stated, it is important 1o understand how cannabis and its
mieractions with alcohol and other drugs affect drivers involved in traffic crashes. Moreover, as
access o cannabis increases in many states, this question takes on mereased importance, as it 1s
likely that the number of drivers who have consumed has increased.

Systematic Review and Meta-Analyses. Early meta-analytic studies examining the effects of THC
mtoxication on fatal crashes showed unclear and mixed results. Using a systematic search, for
example, Bates and Blakely (1999) found that alcohol intake increased fatalities in all studies,
and the combination of cannabis and alcohol increased the likelihood of o fatal crash. However,
they also reported that the presence of cannabis in the dnvers did not increase the odds of a fatal
crash in most studies. The authors admitted that the latter finding might be related to the
mclusion of drivers with only carboxy-THC in their blood. which 15 an inactive metabolite of

THC. In this respect, many previous studies, including meta-analytic studies, may have arrived at
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miXed or null conclusions because the drivers with carboxy-THC in their blood were not actually
impaired at the time they were tested (Ramaekers et al., 2004; WTSC, 2018}

Given the increasing awareness of the data issue regarding the measurement of cannabis
use, recenl meta-studies have reviewed and screened prior studies more thoroughly. Asbridge et
al. {2012} included observational epidemiology studies of motor vehicle collisions with an
appropriate control group. Additionally, they selected empincal studies where measures of recent
cannabis use in drivers were confirmed by toxicological analysis of blood or self-report. They
excluded experimental or simulator studies due to the fact that the relationship between cannabis
use and crash nisk 15 unclear with regard to driving ability and collision nsk outside the
laboratory, though laboratory studies have consistently shown the negative effects of cannabis
use on driving performance ( Asbridge et al., 2012). Conseguently, nine studies from five
countries published trom 1982 to 2007 were selected in the meta-analysis, and Asbrdge et al.

20112) found that drivers who were under the influence of cannabis expenenced more motor
vehicle crashes compared with unimpaired drivers (OR = 1.92 [95% CL: 135w 2.73]; P =
0.0003 ). They also found that the odds of collision risk were greater in case-control studies (OR
=2 79 [95% CE 1.23 to 6.33): P = 0.01) and studies of fatal collisions (C0R = 2,10 [95% C1: 1.31
to 3.36]; P = 0.002) than in studies of non-fatal collisions (OR = 1.74 [95% CL: 0.8E 0 3.46): P =
0.11) and in culpability studies (R = 1.65 [95% CI: 1.11 to 2.46]); P = (.07} (Asbridge et al.,
2012),

Similarly, Li et al. (2012} conducted a meta-analysis of nine epidemiologic studies
wniten in English from six countries. published from 2001 to 2010. Of the nine studies, two
studies assessed marjuana use based on blood tests, two used urine tests, and five used self-

reported data. They found that cannabis use by drvers was associated with a significantly
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ncreased risk of motor vehicle crashes. More specifically, the studies that employed self-
veported data showed a crash risk 1.7 to 7.16 times greater, the studies that used urine tests
showed 0.85 1o 3.43 times the nsk, and the studies that used blood tesis showed a crash risk 2.10
to 2.11 times greater. The overall odds ratio estimated from the random-effects model was 2.66
(Li et al., 2012).

While the meta-analysis by Li et al. {2012} included data from studies that relied on urine
ot blood samples confirming the presence of carboxy-THC alone, the meta-analysis by Asbndge
et al. {2012} included only data from studies that relied on blood samples confirming the
presence of THC. As with Li et al.”s (2012) study. Asbridge et al. (2012) also included two
studies that used direct self-reported data (reporting use in the 3 hours before the crash),
Rogeberg and Elvik (2016) stated that while the selection ertteria for Li et al.™s study (2012)
were unclear and difficult to rationahize, the study selection criteria used by Asbridge et al.
{2012) were clear. Interestngly, Rogeberg and Elvik (2016) replicated the two meta-studies
performed by Li et al. (2012) and Asbndge et al. (2012) and reported that “the replication study
substantially revised previous risk estimates downwards, with both the originally reported point
estimates lying outside the revised confidence interval™ (p. 1,348). They further conducted a
meta-analysis including 21 observational studies from 13 countries published in the penod 1982-
2015. They found that cannabis-impaired driving was associated with a significant increase in
motor vehicle crashes, with a low to moderate magnitude (random effects model odds ratio: 1.36
[CI: 1.15-1.61], meta-regression odds ratio: 1.22 [Cl: 1.1-1.36]) {Rogeberg & Elvik. 2016).

A recent meta-analytic study examimng the effects of cannabis usage and unfavorable
traffic events produced mixed results. Hostwue and colleagues (2018) performed a meta-analysis

to examine whether dnving under the influence of cannabis (DUIC) was associated with an
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increased risk of unfavorable dnving outcomes compared to chronic manjuana use. They
mcluded observational studies of motor vehicle collisions that used a control or comparison
group and were published atter 2000, They also excluded case studies without a control group
and studies with a lack of relevant information needed for the analysis. From the selection
criteria, studies that relied on unne tests, blood tests, self-report. and official databases were
meluded, and 24 observational studies were finally selected in the meta-analysis. Of the 24
studies, mine studies assessed marjuana use based on blood tests, three studies contamed THC
blood levels above 0.5 ng/mL. eight studies were based on self-reported data, and five studies
contained data about chronic cannabis use. Hostiue and colleagues found that the overall effect
size for DUIC on unfavorable traffic outcomes was not statistically significant. However, they
reported significant differences between subgroups. For example, they found sigmficant
increases in the effect size for DUIC tested through blood analysis (OR = 2.27 [CI: 1.36-3.80]).
In addition, they found significant increases in the effect size for drver death (OR = 1.56 [CL
1.16-2.09]), and case-control studies as a type of stody (OR = 1.19 [CL 1.05-3.80]).

More recently, McCarnney and colleagues (2021 performed multiple meta-regression
analyses and they found that regular cannabis users are less likely impaired than occasional
cannabis users and the magnitude of imparrment by THC varied by other factors.

In sum, there are many previous studies, including meta-analyses, examiming the effects
of cannabis use on fatal crashes, but they have shown mixed resulis. However, there are several
ssues with these prior studies. First, several of them relied on maccurate measures, such as the
use of urine tesis rather than the more reliable blood tests to identify cannabis use. In addition,
data used for prior studies typically did not 1solate the pnmary psychosctive chemical, THC;

they indicated whether drivers were cannabis or cannabinoids positive only. without identifying
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whether drivers were positive for THC or inactive chemicals such as carboxy-THC. These
limttations may explain why some of the previous studies of the effects of cannabis use on fatal
crashes armived at mixed or null conclusions. Moreover, several prior studies relied on
expenmental or simulator studies, but the effects of cannabis use on driving performance in the
lab may differ from effects on the real road.

Based on the imitations of the prior research, the current study examines the link
between THC and driver errors and crash characteristics in fatal crashes in Washington state
using a robust quasi-expertmental design in which dnvers who test positive for THC are matched
to drvers whe test negative for any drugs. to better estimate the independent effects of THC
consumption on driver outcomes in fatal crashes. Given the extant research on the likely effects
of THC in drivers on circumstances surrounding a crash, or a fatal crash, our research hypotheses
are as follows:

{1} For fatal crashes in Washington, dnvers who test positive for (A) THC, (B) alcohol, and
{C) the combination of THC and alcohol are more likely to have engaged in risky driving
behaviors than drivers who tested negative for any aleohol and non-alcohol drugs.

(2} For fatal crashes in Washington, drivers who test positive for (A) THC, (B) alcohol, and
{C) the combination of THC and alcobol are more likely to be fatally injured than drivers
who tested negative for any alcohol and nen-alcohol drogs.

{3) Contextual conditions of fiatal crashes involving drivers with the presence of (A) THC,
{B) alcohol. and (C) the combination of THC and alcohol differ from contextual
conditions of fatal crashes involving drivers who tested negative for any alcohol and non-

alcohol drugs in Washington.
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{4) For fatal crashes in Washington, dnvers who test positive for (A) THC, (B) alcohol, and
{C) the combination of THC and alcohol are more likely to be in head-on collisions, cross
the centerline, and run off the road than drivers who tested negative for any alcohol and
non-aleohol drugs.
Data and Methods
Data

The data for this study comes from the Washington Coded Fatal Crash (WA-CFC) Files
for the years 2008-2017. WA-CFC data provide information on all fatal crashes in the state of
Washington and are orgamoed mio person-level and mcident-level records and includes
supplemental information from texicology outcomes on drivers. The WA-CFC data is especially
useful for examining the role of THC in dnving outcomes. as the WA-CFC contans specified
blood level THC results { delta-9 versus other cannabis metabolites) for all persons in fatal
crashes who were blood tested for intoxicants, Consequently, this study relies solely on blood
test results regarding THC, carboxy-THC. and Aleohol (blood aleohol concentration) vanables.
Sample Selection

For these analyses, we used WA-CFC data from January 2008 to December 2017 and the
tatal crash-involved driver (both surviving and deceased ) was the unit of analysis. The total
sample consisted of 11.477 individuals involved in fatal crashes in Washington between January
2008 and December 2017. Among these 6,728 drivers, 17 drvers under the age of 16, 60 dravers
aged unknown, and 17 drivers aged not reported were excluded from the current study.
Therefore, our overall sample is 6,634 drivers involved in fatal crashes in Washington.

—~-Insert Figure | about here---
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Acknowledging that there were some cases of not reported, unknown test type, other test
type, and unknown if tested, and not all dravers are tested for drugs and alcohol, we further
restricted the samples 1o those who had been blood tested for intoxicants with known results (n =
3,383), of whom 521 were THC positive, 1.239 were alcohol (BAC) positive, and 930 were
positive for other drugs. The drug-tested driver sample was further grouped into drivers who had
negative test results Tor aleohol and all other drugs (clean drivers, n = 1,263 ), drivers with a
positive test result for THC only (= 156), drivers with a positive BAC result only {n =631},
and drivers with a positive test result for both THC and alechol only (1= 234), To elinunate the
effects of any other drugs, drivers with a positive test result for any other intoxicating substance
including narcotics. depressants, hallucinogens, phencyclindine, inhalants, and other unknown
torms of drugs were excluded in the final analytic sample.

Measures
Chetcoine Measures

We analyzed four study outcomes: (1) dnvers” risky behaviors, (2) driver fatalities, (3)
contextual circumstances of fatal crashes, and (4) collision type of fatal crashes. Repgarding the
first outcome, there are fifty-one indicators that reflect driver behaviors, such as evidence of
speeding, driving errors”®, and traffic violations. Given that many of these variahles occurred
relatively mfrequently, we combined these measures into two dichotomous outcome variables
that fall under driver’s nsky behaviors, including speeding and dnver errors (identified by

police).

* Diver errors varishle in the WA-CFC data containg several sub-categories. For example, in the driver cerors
variable, there were 34 sub-types of driving ervors or faolt (e.g-. drving in an ervate reckbess. negligent manner, or
abrupd specd change, and ovescorrecting ofe. ).
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For the second outcome, driver harm was measured using two dichotomous measures,
fatal ijuries and death on the scene. Due to drugeed drving, it is possible to assume that drivers
with the presence of THC, alcohol, and combined THC and aleohol are less likely to protect
themselves at the time of the crash, thereby being more “fatally injured” and “died at the scene™
when compared to clean drivers. Further, it is possible that DUID crashes are more severe,
increasing the likehhood of dnver fatality. The contextual/environmental conditions of the fatal
crash were also included in study outcomes, such as: number of vehicles in the crash, whether a
motorcycle, bicycle or pedestrian was involved, and the number of fatalities that oceurred from
the crash. Evidence from controlled experiments and simulator studies has shown that cannabis
and alechol intoxication generate a variety of deficits that dimimsh dnving performance, such as
lack of Tocus and concentration, poor racking ability and decision making, slower reaction
times, and decreased car handling ( Brubacher et al., 2019; Desrosiers, Ramaekers, Chauchand,
Gorelick, & Huestis, 201 5; Khiabani, Bramness, Bjorneboe, & Meorland, 2006: Ramackers,
Kauert, Theumssen, Toennes, & Moeller, 2009,

Finally, we examined whether some forms of collision type differed sigmificantly by
study group, including “head-on,” “cross centerhine,” and “run off the road.”™ We argue that
certain collision types in fatal crashes such as “head-on,” “cross centerline,” and “run off the
road™ are potential indicators of driving impairment or, at least, driving fault and explore the link
between these outcomes and THC, alcohol, and interaction of THC and alcohol use.

Treatment Variables and Bafancing Covariafes

Based on prior studies that highlhighted the contounded nature of THC and alcohol

(Dubods et ol 2015 Hartman et al.. 2016; Li et al., 2003}, alcohol and THC consumption are

selected as treatment variables and measured in three ways: (1) a positive test result for THC
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only; (2} a positive test result tor alcohol only; and (3) a positive test result for both THC and
alcohol. THC alone was measured through a single vanable that indicated whether the driver
tested positive for THC only (we omitted cases with only carboxy-THC). Aleohol positive
results were measured via a single vanable that indicated whether the dniver tested positive for
blood alcohol content only. A combination of THC and alcohol variable was also measured via a
single variable that indicated whether the drver tested positive for both blood aleohol content
and THC only, with no positive test for any other substance and no positive test for combining
alcohol/THC and other drugs. A total of 17 variables that were significantly related at the
bivanate level to THC and alcohol presence were selected as covariates (see Table 1).
Data Analysis

The current study used propensity score analysis (PSA) to exarmine the effects of THC
and alcohol in blood on detrimental outcomes in fatal crashes. PSA is a statistical matching
approach that approximates a randomized experiment using observational data by estimating the
effect of a given treatment after accounting for factors that predict receiving treatment. PSA is
useful to address potential issues of selection bias and to determine whether the difference in
outcomes between treated and non-treated groups can be atiributed to the treatment effect (THC,
alcohol, and combination of alcohol and THC), while relevant covariates are controlled for.
Though PSA falls short of a true expenment in that it can only match based on observed
covariates, matching techniques are known to reduce covariate imbalance and produce more
efficient and unbiased estimates of treatment effects than traditional multivanate regression
modelling (Ho, Imai, King, & Start, 2007; lacus, King, & Porro, 2011). In the present study,

THC -positive subjects, alcohol-positive subjects, and subjects positive for both THC and alcohol
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{treatment groups) were matched to clean subjects who tested negative for all drugs and aléohol
{comparnson group) in terms of near-identical probabilities of presence of THC and alcohol.

We performed a series of propensity score weightings (PSW) for estimating average
treatment effect for the treated (ATT). The procedure for the PSW analysis included three steps.
First, drawing upon prior literature and correlation analvses using WA-CFC, a set of balancing
covanates that were significantly related at the bivanate level to alcobol and THC presence were
selected (see Table 1) and then a binary logistic regression model {results available upon request)
was used to estimate propensity scores.

-—Insert Table 1 about here---

Second, average treatment effect for the treated (ATT) was estimated. For estimating
ATT, weights were computed by taking 1 divided by the propensity score for THC -positive,
alcohol-positive, and THC-plus-alcohol-positive subjects and the inverse was processed
{propensity scored1-propensity score) for comparison subjects (elean drivers). The ATT is the
weight for only those cases that received treatment.

Finally, diagnostic tests were then performed to examine whether the group balance was
appropriately achieved by the PSW. This assessment includes examination of box-plot and
bivanate tests that includes comparnison of all covanate means between the two groups prior to
and followmg the weighting procedure (all available upon request).

Prior to the weight for estimating ATT, seven (THC alone), twelve (alcohol alone), and
thirteen (combining aleohol and THC) of the seventeen-itern means were significantly different
between the two groups. Afier the weighting procedure, all the significant group differences on

treatment subjects versus clean drivers were removed, indicating that selection bias was
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substantially reduced and the propensity weight was performed successfully (results available
Upon request).
Results
Resules 1: THC Drivers VS, Clean Drivers

Table 2 shows the results of differences in outcomes by study group {THC-alone subjects
vs. clean subjects) before and after PSW. Prior to the balancing there were significant differences
tn speeding, fatal injury, death at the scene, and crossing the centerline between the two groups,
mdicating that the THC-alone subjects were at greater nsk than clean drivers on the road.
Nonsignificant differences on other forms of sutcomes were found. After weighting procedures.
however, differences in speeding and died at the scene disappeared, but fatal injury and crossing
the centerline remained margmally or statistically different. Specifically, after the weight by
ATT, drivers who tested positive for THC were more likely to be fatally injured and engage in
crossing the centerline. These findings indicate full support for research hypothesis 2 and partial
support for research hypotheses | and 4, and no support for research hypothesis 3. Overall, with
the exception of crossing the centerline, it 18 not clear that the presence of THC alone mn the
drivers” blood 15 related to these nisky driver outcomes.

~—Insert Table 2 abour here---

Resulis 2: Alcokol Drivers V. Clean Drivers

Table 3 presents the results of differences in outcomes by study group {BAC-alone
subjects vs. clean subjects) before and after PSW. Prior to weighting there were significant
differences i most outcomes of interest between the two groups, other than motoreycle
involved, bicycle involved, and number of fatalities in crash. It indicates that the alcohol-alone

subjects were much more at risk for serious negative outcomes than clean drivers. Specifically,
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alcohol-alone subjects were more likely to engage in speeding and driver error, be fatally injured,
die at the scene of the crash, cross the centerline, and run off the road.
~—Insert Table 3 about here---

After weighting procedures, differences in driver errors disappeared. but most other study
outcomes remmned statistically different. In addition, sigmificant differences on other outcomes
that were previously non-significant differences were found, including motoreyele invelved in
crash. More specifically, alcohol-alone subjects were more likely to engage in speeding, be
fatally injured, die at the scene of the crash, cross the centerline, and run off the road compared
to clean dnvers. These findings indicate full support for research hypotheses 2 and 4, partially
support hypothesis 1, and a lack of support for research hypothesis 3, as alechol-alone
participants were at much greater risk of being fatally imjured and dying at the scene, being
mvolved in nsky behavior, crossing the centerline, and running off the road when compared to
the control group. However, alcohol-alone subjects were less likely to be involved in crashes
with other vetucles and heavy truck-involved, bicycle-mvolved, and pedesinan-involved fatal
crashes.

—Insert Table 4 about here-—-
Results 3: Combination af THC and Alcohal Drivers VK. Clean Drivers

The results of differences in outcomes by study group (combined THC and aleohol
subjects versus clean subjects) are similar to those for the alecohol-alone smdy group (see Table 3
and 4). The THC and alcohol combination i some cases (1.e. fatal injunes and died at the scene)
may be exhibiting all these effects because of the overwhelming strength of the alcohol effect on
crash outcomes. Clearly the presence of alcohol in the blood of a driver involved in a fatal erash

15 particularly likely to result in undesirable driver outcomes.
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Diiscussion

Motor vehicle crashes are a crucial health, law enforcement, and public safety concern.
Given that the legalization of recreational cannabis comncided with an increase in dnving under
the influence of the drug in Washington state, this study sought to examine the relative risk of
THC, alcohol, and the combination of alechol and THC intoxication on drivers’ nsky behavior,
harm, contextual conditions at fatal crashes, and collision type using WA-CFC data. The findings
from the PSW partially support the research hypotheses that dnvers who had a positive blood
test for THC. alcohol, or combined THC and alcobol are more hikely to engage m risky behaviors
and be exposed 1o detrimental outcomes than drivers who had a negative blood test for both
alcohol and THC. However, findings from the PSW sugpest that THC alone is generally not a
major risk factor. Overall, comparing the relative risks of THC, alcohol, and their combination,
alcohol alone was the strongest risk factor, combined THC and alcohol was next. and THC alone
was the weakest risk factor for undesirable outcomes related to fatal crashes in Washington.

Though results from the PSW illustrated statistically nonsignificant r-test resulis in most
outcomes in the THC -alone model. this does not mean that there are no actual differences
between the two groups. Given the relatively small samples imvolved in the THC -alone and
THC -and-alcohol-combination models, some of the nonsignificant results may reflect Type 11
errors. Therefore, a standardized metric, Cohen’s o, was computed for each outcome variable, as
standardized differences allow for better indication of the true difference between the treated and
nontreated cases. Cohen (1988) outlined three cut-offs for interpreting effect sizes in terms of
Cohen’s & small: d = 20; medium: o = 50; large: & = 0.

—Insert Table 5 aboutl here---
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As presented in Table 5. aleohol alone and the combmation of THC and alcohol had
simmlar effect sizes (low 1o medium in terms of Cohen's o) with the same directions in all
outcomes, while crossing the centerline was the only outcome affected by THC alone and its
effiect size was 1.233, which is low. Based on these findings. we can confirm that alcohol and the
combination of THC and alechol had large effect sizes for undesirable outcomes related to fatal
crashes in Washington.

In addition, head-on crashes and daver error were less likely to be affected by THC and
alcohol intoxication. Rather, clean drivers were more hikely to be involved in head-on collisions
than dnvers with THC alone and the combination of THC and alcobol intoxication in fatal
crashes. Moreover. speeding and running off the road had a medium effect size, indicating that
these events were affected by alcohol and the combination of THC and alcohel.

Some of the undesirable outcomes, including fatal injuries, dying at the scene of the
ctash, and crossing the centerline had somewhat small effect sizes. However, this finding does
not imply that small effects of THC and alcohol intoxication on these outcomes are not
meaningful in fatal crashes. Indeed, these small effects can be important (Ellis, 2010) as these
outcomes could lead 1o detnmental consequences when the margin for error may be low.

These findings are directly relevant to policymakers as they grapple with strategies to
understand, document, and address public safety issues following the legalization of manjuana.
Specifically, these results may help to justify the investment in technology and data to detect and
monitor drugged driving and subsequent greater efforts at prevention, and education around the
dangers it raises. A first step should be the development of technology to accurately test for THC
and legal protocols to guide this testing. There currently are no easy means of determining

whether a driver is THC-umpaired. Success i this area of detection would not only assist in
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better research on the link between cannabis and driving outcomes, but would also assist in
DUID investigations. Blood testing 15 a supenor matrix over other tests such as unine and oral
fluid (D" Orazo et al., 2021), but there are legal (the need for a search warrant) and medical (the
need for a phlebotomist) hurdles that ofien delay testng, and mn the interim the level of THC in
the blood of the drver degrades, resulting in negative results several hours later. Post legalization
Washington passed a law requining that all persons “killed” in fatal crashes within four hours of
the crash be blood tested for intoxicants {Washington Traffic Safety Commuission, 2016). Due to
this law. over 90% of deceased drivers in fatal crashes were tested (the untested 10% was
typacally due to drvers dying days after the crash or other uncommon reasons, such as mabality
to obiain a viable sample). For surviving drivers 1o be tested. there must be probable cause for
mmpairment, which 15 then used to obtain a search warrant for a blood draw. But probable cause
for impairment does not always result in a blood draw; sometimes law enforcement only obtans
a breath sample for alcohol. It is also possible that the investigators may not ever do blood
testing if alcohol results are enough to prosecute for DUL There 13 also curvently no valid breath
test for THC in drugged drivers that might be admimistered by law enforcement on the scene or
at the jail, though this 1s an active area of research,
Conclusion and Research Limitations

Given the nationwide trend toward cannabis legahzation, it 15 vital that we better
undersiand the role cannabis plays in traffic crashes (Rosekind et al., 2020). While alcohol
mmpairment and the role it plays in fatal crashes 1s well understood due to decades of research,
less is known regarding THC impairment. This 15 unfortunate, as a number of states have
legalized manjuana, thus increasing the likelihood that people may drive while impaired by

THC . Most THC -positive drivers involved i fatal crashes have also ingested other substances,
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limiting the research to date and making it difficult to understand the specific role that THC
impairment alone plays in crash outcomes. Even less is known regarding the poly-use of alcohol
and THC (and potentially other drugs) on driving impairment. This study is one of the first to
isolate drvers into mutually exclusive driver toxicology outcomes segregating alcohol and THC
and comparing those drivers with known (tested) clean drivers.

As this study has shown, drivers under the influence of alcohol and the combination of
alcohol and cannabis (THC) are at much greater risk of fatal crashes than those under the
mfluence of cannabis only. The current study did not find a strong and consistent effect of THC
only in the blood of dnvers on undesirable outcomes related to fatal crashes usmg Washington
CFC data.

The primary limitation of the current study involves the measurement of drug testing
results. Due to the fast rate of metabolism of THC in the blood and the length of time it takes 1o
obtain a blood sample followimng a crash, 1t 1s possible that some drivers may have been under the
mfluence of THC at the time of the crash but tested negative for THC and were therefore
excluded from this study. For dnvers who died instantly, the metabolism of THC nearly stops,
negating this issue. However, for surviving dnivers, some may have been excluded even though
they were under the influence at the time of the crash. There may have been drivers under the
influence of THC or alcohol but were not tested due to lack of probable cause for testing. The
issue of testing all drivers and 1n a timely fashion remains a challenge in the context of
legalization and the consequent mcreased drug use. As scholars continue to mmvestigate the
association between illicit drugs and driving impairment, further research from other states will
enhance our understanding of the relative risk of alcohol. cannabis and their combination on fatal

crashes.
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Table 1

Descriptive Statistics for Study Variables.

THC Alone Alcohol Alone THC + Alcohol Clean Drivers
Variable (n=156) (n=0631) (n=234) (n=1,263)
Mean SD Mean SD Mean SD Mean SD Min  Max

Age 34.19 14.93 36.82 14.85 32.43 12.67 45.90 2041 16 97
Gender (male = 1) 0.87 0.34 0.86 0.35 0.82 0.38 0.76 0.43 0 1
Unlicensed driver (yes = 1) 0.14 0.35 0.21 0.40 0.33 0.47 0.04 0.20 0 1
License restrictions (yes = 1) 0.22 0.42 0.25 0.43 0.23 0.42 0.36 0.48 0 1
Prior DUI records (yes = 1) 0.03 0.18 0.07 0.26 0.07 0.25 0.02 0.13 0 1
Prior other traffic convictions (yes = 1) 045 0.50 0.38 0.49 0.51 0.50 0.24 0.43 0 1
Prior speeding convictions (yes = 1) 0.39 0.49 0.33 0.47 0.38 0.49 0.25 0.44 0 1
Prior crashes (yes = 1) 0.18 0.38 0.15 0.36 0.19 0.40 0.16 0.37 0 1
Time of crash (1 = night) 0.34 0.48 0.69 0.46 0.72 0.45 0.30 0.46 0 1
Weekends (yes = 1) 0.44 0.50 0.62 0.49 0.61 0.49 0.44 0.50 0 1
Motorcycle (yes = 1) 0.22 0.41 0.19 0.39 0.12 0.33 0.17 0.37 0 1
Passenger vehicle (yes = 1) 0.74 0.44 0.77 0.42 0.81 0.39 0.71 0.46 0 1
Weather condition (1 = clear) 0.70 0.46 0.73 0.44 0.68 0.47 0.71 0.45 0 1
Surface condition (1 = dry) 0.26 0.42 0.20 0.40 0.22 0.42 0.19 0.39 0 1
Road class (1 = county road) 0.25 0.44 0.37 0.48 0.41 0.49 0.24 0.43 0 1
Number of occupants in vehicle 1.38 0.85 1.45 0.84 1.56 0.85 1.40 0.86 1 5
Heavy truck involved (yes = 1) 0.08 0.27 0.06 0.23 0.05 0.22 0.19 0.39 0 1

Note. Clean Drivers refer to drivers with negative blood tests for alcohol and non-alcohol drugs.

Table 2

Outcomes Comparisons by Study Group: THC Alone vs. Clean Drivers.

Before PSW (N = 1.419) After PSW (Weight ATT) (N =303)
THC Comparison THC Comparison

Outcome Mean (SD)  Mean (SD) ¢ statistic 95% CI Mean (SD)  Mean (SD) tstatistic 95% CI Range
Speeding 0.31 (.46) 0.20 (40) -2.79%*%  -0.18,-0.03 0.32 (47) 0.28 (.45) -0.59  -0.14,0.07 0-1
Driver error 0.43(.50)  0.36(48) -1.77 -0.16, 0.01 043(.50)  039(49) -0.79 0.16,0.07 0-1
Fatal injury 0.72 (.45) 0.64 (48)  -2.08* -0.16,-0.004  0.73 (.45) 0.63 (.48) -1.87F -0.21,0.01 0-1
Died at the scene 0.55 (.50) 0.46 (.50)  -2.04* -0.17,-0.003  0.55 (.50) 0.48 (50) -1.28  -0.19,0.04 0-1
Number of vehicles in crash 1.74 (.72) 1.80 (.66) 0.97 -0.06,0.18 1.75 (.73) 1.76 (.65) 0.18 -0.14,0.17 13
Motorcycle involved 0.24 (.43) 0.22(42) -0.42 -0.08, 0.06 0.24 (.43) 0.28 (.45) 0.85 -0.06,0.14 0-1
Bicycle involved 0.03 (.16) 0.01 (.10)  -1.18 -0.04, 0.01 0.03 (.16) 0.01 (.09) -1.19  -0.05,0.01 0-1
Pedestrian involved 0.12(32)  0.10(30) -0.64 -0.07,0.03 0.11(32) 0.12(32) 008 -0.07,0.08 0-1
Number of fatalities in crash 1.10 (.30) 1.10 (30)  -0.17 -0.05, 0.05 1.10 (.30) 1.08 (.28) -047 -0.08,0.05 1-2
Head-on 0.19 (.39) 0.22 (41) 0.87 -0.04, 0.10 0.19 (.39) 0.19 (.39) 0.14 -0.08,0.10 0-1
Cross centerline 023(42)  0.15(36) -2.30%  -0.15,-0.01  023(42)  0.14(35)  -2.03* -0.18.-0.00 0-1
Run off the road 0.22 (.41) 0.19(39) -0.76 -0.09, 0.04 0.22(.41) 0.20 (.40) -0.33  -0.11,0.08 0-1
N 156 1,263 151 152
AUC 151 437

Note. PSW = propensity score weighting; S0 = standard deviation; CI = confidence interval; t-tests were used for comparisons of outcome means; AUC = area
under the curve.
Tp<l.*p<.05 **p< 01 *p< 00].
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Table 3

Outcomes Comparisons by Study Group: Alcohol Alone vs. Clean Drivers.

Before PSW (N=1,894) After PSW (weight ATT) (V= 1.220)
Alcohol  Comparison Alcohol  Comparison

Outcome Mean (SD) Mean (SD) 1 statistic 95% CI Mean (SD) Mean (SD) 1 statistic  95% ClI Range
Speeding 0.53 (.50) 0.20(40) -14.65%%* -0.38,-0.29 0.54 (.50) 0.28 (45)  -9.35%** -0.31,-0.20 0-1
Driver error 0.41 (.49) 0.36(48) -2.08* -0.10,-0.003  0.41 (.49) 0.37(.48) -1.55 -0.10,0.01 0-1
Fatal injury 0.81(.39) 0.64 (48) -8.19%**  -0.21,-0.13 0.81(.39) 0.64 (.48)  -6.63*** -0.22,-0.12 0-1
Died at the scene 0.67 (.47) 0.46 (.50)  -8.71*%*%*  _0.25,-0.16 0.67 (.47) 0.49 (50) -6.62%** -0.24,-0.13 0-1
Number of vehicles in crash 1.40 (.60) 1.80 (.66) 12.70***  0.33,0.45 1.41 (.60) 1.68 (.63) 7.52%%*% 020,033 -3
Motorcycle involved 0.20 (.40) 0.22 (42) 0.99 -0.02, 0.06 0.20 (.40) 0.26 (.44) 2.25% 0.01,0.10 0-1
Bicycle involved 0.01 (.08) 0.01 (.10) 0.86 -0.01, 0.01 0.01 (.08) 0.01 (.11) 0.99 -0.01,0.02 0-1
Pedestrian involved 0.03 (.17) 0.10 (.30) 6.58%*%* (.05, 0.09 0.03 (.17) 0.15 (.36) 7.89%** (.10, 0.16 0-1
Number of fatalities in crash 1.09 (.29) 1.10 (.30) 0.44 -0.02, 0.03 1.09 (.29) 1.12 (.32) 1.55 -0.01,0.06 1-2
Head-on 0.12 (.33) 0.22(41) 5.50%%* (.06, 0.13 0.12 (.32) 0.19 (.39) 346**  0.03,0.11 0-1
Cross centerline 0.25 (.43) 0.15(.36) -4.90%%*  -0.14, -0.06 0.24 (.43) 0.13(34) -5.16%%* -0.16,-0.07 0-1
Run off the road 0.45 (.50) 0.19(.39) -11.34*** -0.30,-0.21 0.45 (.50) 0.20 (.40)  -9.44*** -0.30,-0.19 0-1
N 631 1,263 607 613

AUC 807 493

Nete. PSW = propensity score weighting; SD = standard deviation; CI = confidence interval; #-tests were used for comparisons of outcome means; AUC =area
under the curve.

TPl *p< 05 **p< 01 ¥¥p < 001,

Table 4
Outcomes Comparisons by Study Group: THC Plus Alcohol Alone vs. Clean Drivers.

Before PSW (N=1,497) After PSW (weight ATT) (N = 450)
THC+Alcohol Comparison THC+Alcohol Comparison

Outcome Mean (5D) Mean (SD) 1 statistic 95% C1 Mean (SD) Mean (§D) 1 statistic  95% CI  Range
Speeding 0.58 (49) 0.20(40) -1L15*** 045,031  058(50) 0.31(47) -5.83*%* 035,-0.17 0-1
Driver error 0.45 (.50) 0.36(48) -2.51% L0.16,-0.02  046(50)  041(50) -1.01  -0.14,0.04 0-1
Fatal injury 0.71 (.46) 0.64 (48) -1.85 -0.13,-0.004  0.70 (.46) 0.58 (.49) -2.64%% 20.21,-0.03  0-1
Died at the scene 0.62 (.49) 046 (.50) -4.33*%%* 022 -0.08 0.61 (.49) 0.45(50)  -3.50** -0.25,-0.07 0-1
Number of vehicles in crash ~ 1.43 (.62) 1.80(.66)  8.20%** 0.27, 0.46 1.44 (.63) 1.68 (.63) 4.02%% 0.12,036 1-3
Motoreycle involved 0.15 (.36) 022(42) 2.79** 0.02,0.12 0.15 (.36) 0.18 (.38) 0.89 -0.04,0.10 0-1
Bicycle involved 0.01 (.09) 0.01(.10) 0.25 -0.01, 0.02 0.01 (.09) 0.01 (.10)  0.14 -0.01,0.02 0-1
Pedestrian involved 0.04 (.20) 0.10 (.30) 35800k 0.03, 0.09 0.04 (.21) 0.18 (.39) 4.69%*  0.08,0.19 0-1
Number of fatalities in crash ~ 1.09 (.28) 1.10(.30)  0.61 -0.03, 0.05 1.09 (.29) 1.12(.32)  0.99 -0.03,0.08 1-2
Head-on 0.13 (34) 022 (41)  3.34%+ 0.03,0.13 0.14(35)  020(40) 179  -0.01,0.13 0-1
Cross centerline 0.25 (44) 0.15(.36) -3.40%* -0.16, -0.04 0.24 (.43) 0.13(.34) -2.96** -0.18,-0.04 0-1
Run off the road 0.43 (.50) 0.19(.39) -6.97*** -0.31,-0.17 0.44 (.50) 0.19(.39)  -6.00*** -0.34,-0.17 0-1
N 234 1,263 225 225

AUC 853 509

Note. PSW = propensity score weighting: SD = standard deviation; CI = confidence interval; /-tests were used for comparisons of outcome means; AUC = area
under the curve.
*p <.05. **p <01. ***p <.001.
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Table §

Summary of Effect Sizes for Study Outcomes.

QOutcomes

Speeding

Driver error

Fatal injuries

Died at the
scene

Head-on

Cross
centerline

Run off the

road

Alcohol Alone THC Plus Alcohol

Weighting (ATT) Weighting (ATT) Weighting (ATT)

-0.138, 0.312
-0.144, 0.306 -0.085, 0.285
-0.011, 0.441
-0.085, 0.365
-0.225, 0.225

-0.309, -0.084 -0.345, -0.025

-0.176, 0.275

Note: Bolding Cls indicates that no zero is contained in the range. Cl = confidence interval; ATT =
average treatment effect for the treated where weight is 1 for a treated case and P(1-F) for a comparison

casc
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A ARl BT, 2020). Fel A # Wel WA o) =
Aage etk ol ds] AN BAF WAl s 36}% chel WHA S
Ak Aol Qe aele]l ATE WAL Fe A del vl WHE AA=E o
B EFsta gort, B ATE WA} £ o Fe Ax
= Aolge]l EAWL F, AANA WA A WA
A Aol BAAMAA AR ol F WA S4e] A Wsksls] wiel B AT
S Ogd MrEel Gl AT sl ¥k meb] B el
NI8A7HA AEEWA T F7RNA BAF W3 A F WA AFAGe] AEEUA T 7
= 7

—
7= A5 62719 WHAAL AmE Ao 23
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o
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H Heleol EA8tE BE g5 dd(Fh)e
2 AAIEHI, ARFAAE Foz gt F e MAEstESs FAst o sttt weta FEHEUFE 9
FEE TAsteloF str, AE ol A e q]fﬂ e AAsteiok gh(Bernasco et al, 2013;
Johnson and Summers, 2015; Long et al., 2021). ATl = 20159 7l AESEAS A7 5 dof
EA ek 9B817He] FH-so] dito] =, H*Az}‘; BN §HE T ¢ XS Adste] AHAE AA
2= s AAR g ARFAE dd9g $HEsS 12 dEeA] g2 §HES 008 39gen. o
A 2 MEeit 12 399 S8 E 17H9]r 002 3IgHE FHE WOUME F+4E dS ZAEC
TFAHOR, <E 1> THHUFTY PFE& 1dg Aot Offender ide HAAE TRt 2JEA
ol Alternative= HZE 7} A€ 7153k 981719 W& (Wb ou s}l 28] Selectione HZ A2
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gE Axstdn(FEe s Al 5, 449 gHsHE M b =AGIE7MA L AgE 543
7

74]@01] Egetdnt. FA/YS CCTVE

Mgrolth, B Ao 2 dHolgoA AleEHE AgdUAdholE F CCTVARE X E3Hsal
t} gwk CCTVE £7F F A CCTVRHS: o ¥3tatglon, wsws 7g CCTVE A9 st
o
AA

oAb FZF el mFL WA AAG} Hofol A ALEEHE A WS A&ste] HEAAe A dE
e oAl AA S dYsly] Y %‘j% Wi o] tH(Bernasco and Nieuwbeerta, 2005). P A] 7 A 8te] o] 4k
A RS JAMAAZ AL gk e A]) o] B AbAZAte] 5AdS aelste] Folxl dijkE FolA
54 stue] dijks AdH"et= ]%("J o= AZFs=d AFEE o $tH(Ben-Akiva and Bierlaire, 2003;
Menting, Lammers, Ruiter and Bernasco, 2020). oS £, A€ g AgALAA2F7F A tet(e.g.
0e TR & B wEFTFhelA AEEM, Zhzte] titE ] S (eg. W&, ALIH I oJAMA G AL

o] E4(eg. ”E A5l 1 Mo Jas vA= JFS LA FHTownsley, 2016). 5, A& € o
Qhat MElE ] 2 tigke] S4S AuE £ 7] ", @A dgdwt 231E st Aol ofye
Mol Ma o] that 7S EzS AT (Townsley, 2016). ©] ¢ e A

(random utility model, RUM)¢] 7}43& w21 McFadden (1974)¢] 244 23 RE& 5 544
 AFE A=

McFadden(1974)¢] =A% 23 g2 A9 295 fdashad glof 7b 71249 ZgolAnt,

)
[l
ot
Mo
L]
i
kol
oo
[l

o

#A3 et 7+e] = YAl (independence of irrelevant alternatives, ITA)o]#tE 714 S W&l oj okt i),
AE “M2 08 24237t Adg g5 njgo] &4 A4S onjsted], o M2 thA] 247}
EHyets o] gEn|7F Welx] fethe slolth (o] XA Y, 20100 550) S, of®H oiehs Mgk
o=2X TAstE g8o] Ad HId e = AelE gicke]

te dictse] &4l og 3lo] ofye}t A
Aol oA RE @A) of(o] =l of) gtk AS oW kT,
ol#3k MAd W3 HFL 92w HZF(Hausman and Mcfadden, 1984)S F3 el 4 itk
Bernasco®} Nieuwbeerta(2005)+= RE& ticte] X3ty B3Pz 89719 EE ks
kel Wlal HFE 178WM(2+89) skt 12yt o]y HIFWHE L FgakA| Fvke Alw A Ut
A AA 7 AU A vd A Holgt= o Ao EA1etH(Long and Freeze, 2006; o] &z -HL A 2010). &
7 3

3], o]Ab F3F A8 R A= Fhe Fh 7Y I FTEAAES FAE oI “H—roﬂ HAOﬂ o gt
7Hd& wEEehe &% 755t kA FHE WA A A" gk ATFES A 7HES &7
514 ¢k= =3 23 E ¥ (mixed logit model), WX Z A 23 (nested logit model) ?,—0] AbgE 3 gl

(Long et al., 2021; Vandeviver and Bernasco, 2020).

3) ola -2 4(2010: 55)el WEWH, S5 E&RFHAA okt Mas ¥ ser] faiae 7Aoo Z Hde it
3 (choice set)e] 7hAoF sl 7o EAgitt, O ZF W52 FE M EFY (mutually exlusive)o] o] oF gt} @
a8 3 EZA(exhausitve)o]ojof o), @ AT 4 = Uity FrF Fslor b S, vt=A] shube] gt
Tho] Melx|ojof sl Melsl 4= Qe kel EF EAst o g, 1 uigtE<] 'r7} Fa4d 4 qlvhe

Ae v,
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1. 71«54

AwEAe] A dY ATl dEE FeugEd dF Ve AES <E 2>9 Lk WA, 4w
GG LS AR, AA 81/ il (FHE) T 31.5%el slFsts 309700 FHEANA A T
A Zlow deiyt ggow M fFugse UG dPets ALES FHE)E AR
H, 2 vty g o) A S el AR = (number) e S Al o] SR =
Askar gl=A (binary) 2 T gk w1 AN e 1ol d W mubeE 2 o
of gstA &=k 53, FRAA, dubswA A, HAANH, detedd, v, dirRdEe et
= AAe] e O F2UF Fe BEeR AeAE AdoR yEy, 24 R LogE AT
HeE FAsAh o 4 WA olse, mAAY AFdR ada =R S
HF olerg el Wit 29.13km(SD=1876) 22 uEputth w3 WA A AFo e A dA 98174
FHE T 343%c°l siFsh= 33670 FWlEel WHAE ATt gl= Aol HAHJY. el =4
7ge] A5 9819 JFHEe] TN 74 FuEel Ha e A AEH)I7A FEHow
740kmg = "ol = Zow yeun AdZA4de] g REeR FAen, g er =2t 4
Aska e WA v & 1566%3Ath PAAS CCTVY & FA4sda, Fidder 7 gusvit
69.0970¢] CCTV7F f1Aata 9l Aoz vehwgt

Variables Type Mean/% SD Min Max
Az 2ATA binary 31.5% 0.46 0 1
TR D)F2
TFHYAE number 361.98 332.81 0 3822
AutubA] g number 8.35 15.30 0 178
Ly e 1N | number 2.16 5.89 0 78
oyt number 16.66 17.47 0 149
A A% number 1.85 4.39 0 54
AstgHAL number 3.08 7.82 0 126
ReRCIPNES! binary 11% 0.31 0 1
=4 number 4.29 7.19 0 65
AUYASA]AE number 14.16 11.66 0 102
0]-8-A]d number 79.28 65.74 0 725
A Ad} /2 Q&r number 2.43 2.28 0 20
e ™dx number 0.23 0.72 0 9
sk binary 12% 0.33 0 1
sty number 7.33 5.74 0 53
e binary 3696 0.48 0 1
HAK A number 50.62 46.85 1 297
H| 40 vl& ratio 8.86 2.55 2.80 27.84
qolojAd H]& ratio 40.91 2.88 29.68 51.30
L=l A= grade 3.06 1.27 1 5
<34
Wz o]=AHg km 29.13 18.76 0.36 140.63
WA R} AR08 binary 34.3% 0.47 0 1
T AAY km 7.40 491 0.18 26.08
A4
T=2g ratio 15.66 11.06 0.42 190.97
FARN R
CCTV number 69.09 7217 0 697
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2. BAX 271Kt BA(Exploratory Spatial Data Analysis)

A, SAEY W "HaXe] 2AX @ WAool ZhA FxE AmEW, <O >y gop e 2
o] HA|X= M EZAN &0l A= VAL ASEHAI} AR = 47129 g0 YAstq A
2ot Qle Ao= Yergth biHo, U= EA| Y d2]1l F-Ho| SiEchs A|Y99] fjfE2 WA A}
7F AFokA] okt WaAd Aol A Fxol P AR AKX Q] A FEe} FA GhEX] QT
<E P> FQW¥LEY FHE H454S #ASH Aot BE W40 Moran's [ A7 BAIHCRE §
olojgt Aoz YEYT &, S3¥sE EAYE S48 Q0L 2% SPAo=z ZFZFo] FHE| YA
st Zlo] ofye} FHAo=z M= AV b= AS Qujsit). o]+ dd HasS Yo EAT &
M&st 27E 2A1880] [AA 71Ao] Yuj=Eict= AL ojojsict

<E 3> 271" 244 A= AaGlobal Moran’s 1)
Variables Moran’s [ Variables Moran’s [
2EAL 0.195 =*x wiEpn S g 0.086 *x*

SI)=) R LSS 0.224  *x ojar 0.064 *x
S NS 0.408 *x* sty 0.320 *x
Lafdt 0.101 *x Hed 0.195 *x
ARAAL 0.096  *x HA FA 0.591  =*x
P A 0.204 == "]/ dQlo/d Hl& 0.337  *x
FHAIA 0.042 =« d1ojd vl& 0.547 %
| 0.642 *x zEtsg 0.525 *x
AUASAI A 0.240 % 28 0.467 *x*

RN 0.243  *x CCTV 0.511 =*x
A/ 58 0.197 ==

*p<0.05, **p<0.01

3. o]Al 7t Ml ng(discrete spatial choice modeling)

<E 4> BEA 25 23] Auolt], R*e 0.2810.2 L. WA, 959 gLt 394

& AR Fa AEo] fojnlet dFE Al Was Fehe a8 (0=0.280, p<0.001), AUASA]

(b=-0.014, p<0.05), AAY/=L&H(b=0.050, p<0.05), =t 0

AR KAWL /2 Qe Sty H AKX
o]

O

p<0.05)0.% Uehdth FHK oz, k3% 283, 9 Ao A BAE B
ck. ShRlo], AURIGAIES B8 AR, AUAGAH0] Be KA UHAL WAgAR MY

g aato] Fashs HOR Uehdtt,

g0z, Y F9 WHY ol5712)(b=-0.130. p<0.001). WA 7150} ¥ (b=3.320, p<0.001),
=4712](b=-0.031, p<0.05) B EAMO=Z §oudt Zoz Uehdth 5, WAt AZAZRE o
Aejo] gl AAYLE Jeln mAozRE W Al 9k AGART WAL WA Faz M=
#4To] Gobalchs 12 ouidith. 3 WAAL AZste AGLLS WAL WA AR HHY

of ¥otn @

4>
)
i)

2 o] R%(McFadden's R)E 4y ¢l OLS 374 =3 o] R’ H|s
o £x7F vehdtia FAET wE A g R¥7F 0208t AW dlY mEe (82 B4 9l
o] £& HYgEE 717 Ao 2 7+F3vH(McFadden, 1978; Long et al., 2021: A ¢1-&).
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Q1] QI THb=-0.106, p<0.05). &, CCTV7} ¥ A ALL= YA} Hfgaz AT SAko] ZgAast
o s 4 . F7MR 0 R, HEA ARK G FA B Ag[EAllE 7IEeR oS o, 4
71[EA]1(b=-0.548, p<0.05)9} 7Z7]|[*%=Z](b=-0.832, p<0 DT EAXNog 9oju|stact ol AML[w
Allofl wlsll A71[=AlleE B71sE0l sigste A9 HEAPE ¥l Faz A= S4to] It AS
ol o] gt}

F7PHo®, o7 AmHolop st B2 FHA TSRV ALH M (FIAAR L)Y FFE o]
of. diupstd, HARPE 54 3tE AdEdoEn A 582 AEst Aol ehgA S54RI ofy
2f QIR 31t &4 A S0k ESN(ITS ¥7]) WiEo|tBernasco et al., 2013). &FIFAIRPH
& F AR FA garAAe fojulst J&FE Xl Has oS 2o AHAQ #AE A=
Hat WOYUAA(b=1.333, p<0.001), W& (b=0.355, p<0.01), W&+ (b=0.861, p<0.001), WH =
(b=1.185, p<0.001), W=28(b=0.427, p<0.05), WCCTV(b=0.231, p<0.01)2 UElJT} o]= EX xA
b AP AG(RIE X))ol FEAET o Ae o] EAstAY, 393 CCTVe 27 YSaF,
L2850 5245 WAL G A9 © FA2 MESE SAto] ZUtstte AS olo|gtot. whHo,
F H(-)AQl }AS zt= ¥t Wi aful(b=-0.018, p<0.05), WAI9lod 4u]&(b=-0.063, p<0.01), W=
gr5a(b=-0.165, p<0.05)Cc= =RIEtt. &, &4 Ayt AQFS X Fof wafjgfe]l ~7F Wi, gRlofd
g3t Al Sg0] 525 HIAPT T A192 Hol Az A=ET S4to] 4asks 2102 UE
=

<®E 4> JERALS] FA AddEo)] gigh 2UF 24 2y FAZAL)
b \ S.E. | exp(b)

FRUA 0.136 0.090 1.146

Autsgat -0.043 0.051 0.958

gt 0.007 0.008 1.007

el 0.003 0.003 1.003

dAA A% -0.014 0.063 0.986

FeteAad 0.280 0.047 1.323

LAl 0.003 0.126 1.003

=4 -0.040 0.084 0.961

AUA S -0.014 = 0.006 0.986

0] 8-A1 4 0.001 0.001 1.001

AR 0.050 = 0.022 1.051

SRR 0.238 = 0.109 1.269

B cigT -0.026 0.117 0.974

g 0.027 = 0.012 1.027

A 0.103 0.093 1.109

WA ZR 0.004 = 0.002 1.004

v]/gelod’d -0.005 0.026 0.995

g 0.006 0.024 1.006

cursg 0.064 0.037 1.066

ol 572l -0.130 == 0.005 0.878

HE AL A 3.320 0.115 2'7.666

EA712] -0.031 = 0.015 0.970

28 -0.348 == 0.105 0.706

CCTV -0.106 = 0.053 0.899

=315 54

A7 EA -0.548 = 0.235 0.578

A -0.832 = 0.356 0.435
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33t AR}

WEFAL 0.337 0.215 1.401

wghser -0.112 0.117 0.894

Wakg&ak -0.028 0.018 0.973

Wi efjgt -0.018 = 0.009 0.982

W/ AA L7 0.197 0.170 1.217

w3stsad -0.237 0.122 0.789

A 1.333 s 0.370 3.792

wsd 0.3b5 == 0.137 1.426

WAUAS -0.025 0.017 0.975

Wol&A]d 0.005 0.003 1.005

wa g -0.008 0.059 0.992

wol g -0.626 0.354 0.535

wef st 0.861 == 0.314 2.365

Wstn -0.052 0.031 0.950

WaEY 1.185 s 0.232 3.272

WHARF -0.006 0.004 0.994

WH]/glol/d -0.042 0.047 0.959

W/g g -0.063  ** 0.023 0.939

weehs+ -0.165 = 0.082 0.848

WEZS 0.427 = 0.185 1.533

WCCTV 0.231 == 0.080 1.260

LL / LR x? -3776.904 / 2944.38
Pseudo R? 0.281

*p<0.05, **p<0.01, ***p<0.001
4. 2HA 2% 2y Aol 54

WA, BEHA 24 nygo] EdE Hr At A F HAALY] FIHA iAo dFE 0
Ale 2002 Faad(+). AUWAISAIA(-), BAY/ S8R (+), B 2R E(+), ghi(+), HARFH(+) o=
e &, HEAe get3dd, AAY/58Y, O ge, g, sAgRAgo] EASHAY B2 A
dUr5 W3 Laz MH(EdS)sths Zolth. ol AMFEo]l WAl YHEES £3st7] Yol Wol
DolA HE, 95U W2 A oA HE7F YA E = A4 (Brantingham and Brantingham, 1993)9]
477t Bl AE ARSI T & 2 ok ®3F G ATS WA ST A0 EAJRT oyt oF
o gdoE Fitolete A, AAY/S5882 dHEo] JowA Wa|o] tjifo] EoE st e FH|st
s3tolets Jo=z Qlsto] HajAte] MElo] &S & Zoz HQIth ¥, AUYASAES AAY/=
L83t QAFsHA 297t o] Rofx|H, WHE o] Qlth= FolA QArAA o H(+)H oz Qoust Auts 7]
tist out, gutcho] ZAurp Leptct. ol AUAISAIEe] He UAR FFE o] AHAlQ] FEI} ERQI
A &%l = EA i, T3d40A| 9 BE AlFSo] AT 7HsshA] Utk oA sid %
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A | 0.57#3%% 0.41 5% 0.365%3%% 0.47 %% 0.39s3 0.365%3%% 0.08#3#3 =0.05%%
iR 0.31 55 0195 0.193%% 0.23#3%% 0.225%3 0.50%#% 0.2455%% 005533
sk 01355 0.0 0.09sx 0.08#x 0.0 0.07x%x 0.06xx 0.0353
skl 0.2453%x% =0.09xx  —0.06%%x 010 =0.02x%% 0.103%x 010 0.58%x
Ao 0.3 0155 0.13x%x 023 0173 0.33s%x 0.07 3% =0.13x%x
HAK 2 AE 0235 0173 0.16%%% 0.05%#x 0.0353 0.0053 018 0465
H]/g Q1o 0.07 3% =0.30%xx  —0.13%xx  —0.07xxx 0. 15%%x 0.045% 0.01 55 0.433%3
Aolodd =0.045x 0135 0.08#x 0.06xx 0.0 0.12s%% =0.08%xx  —0.54sx
Ll 0.25%3x 0.1 0.0 0.273%% 0.21 5% 0.23%3%% 0.11 %% 0.06% 33
28 0.27#3%% 0.04533 =0.09% 0.2953 0.21 5% 0.21 5% =0.14%xx  —0.15%%x
ol=7g] =0.07x%x 0105 0.07x#3%% =0.07x%x 0.01 53 =0.10% 0.11 5% 0.21 5%
HEoy 0.01#5%5 0.00%33 0.0053#3 0.01 55 0.01 53 0.01 55 0.00 0.00%
=AAY =0.08%#xx  —0.05%%* 0.0353 =0.04#3x  —0.07#xx  -0.15%k%%  -0.05%xx (.28
CCTV 0.22%%% 01333 —0.03 0.11 %% 0.03533x 0.12%3%% 00333 0.15%#3x
24 ole 1 R1aF S| + 15 X T o
1 A = A 1L S S A
Variable e A AR SEN st St Aed HA
AUIAS 1
[ RPN ES] 0.83x%x* 1
A | 0.57#3%% 0.5 1
B anSE 0.25%%% 0.37x3%3x 0.25%%3% 1
=i 0.01#5% 0.03533 0.0353 0.045%3 1
st 0.47 %% 0.27x%x 0.06%33 0.07x#5%% 0.03533 1
= 0.265%3% 0.31 5% 0.25%%3% 0.2455%% 0.05%33 =0.03 1
HAR 2 AL 0165 0.02s3 0.06%x =0.0455x 0.073x 0.54%%x% =0.14%x 1
d]/d Qo] 0.34 5% 0.1 =0.05x 0.033%x 0.00%33 0.5 5% =0.05%x 0.0
Aoloyd =0.0953x 0.0 0145 0.07 5% =0.0455% —~0.49%xx 0.21 5% =0.47*%x%
Lurs g 0.26%%x 02833 0245 0.1 5% 0.0353 0.08##x 0145 =003
28 0.27 5% 0.36%3 0.205%% 018 =0.065xx  —0.15%xx 0.21 55 ~0.545%%
o]z =0.095xx =012 —0.08kkx  —0.07xxx 0.00%3 0145 =016 0.36%3
HEox 0.01 55 0.01 53 0.01#55% 0.00%x 0.00%33 0.00%3 0.0053#3 0.00%33
=AAY =0.05%#x  —-0.08xx  -0.05%*%  -0.10%xx  —0.09%x 0.065%3 =0.01 533 0145
CCTV 0.14%%* 0173 0.15%3#% 0.0 01033 0.07%% 0.13%3%% 0.1 15
el uf ol 5 w4
Variable CIER ° L =2g | 1: CCTV
i gout] A o5 A2
SEREE 1
8?1997 ~0.56% 1
L ] 0.04%5 0.02ss 1
28 0.08#x 0265 0.1953x% 1
ol=7g] =0.03xxx  —022%%%  —0.03kxkx  —0.44%%x 1
HEoy 0.00 0.00 0.01 0.00 ~0.05%%% 1
=AAY =0.12%%x  —0.01#%x -0 11%xx  —0.27%%x 0145 0.00 1
CCTV 0.04% 0.03533x 0.01 %% 00333 0.02533x 0.00%3 —0.24%x 1

*xp<0.01, **xp<0.001

Note. VIF<5, Zx}>0.1
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E
Z|Mj=
o ZE=ol= HIZO OIZXHE AFot= XG0 AT 20| =3
o J|Z 01Xt R0l THtS ddoti LHE RO = 0IF0HH2 T MER
OIZIXI=Z AL XIF2 0Tl HI=st HEZ&E R
o NG00 M2 AN HSH Mt SEIH HoHAE HE+Z0E
Mo piZ, 8Xl= 215, BIE, 3501 Ot XIF2 EL0l 3%

(Andresen et al., 2010: 87-124)

o HI SO HXI0 XY &= = 01 OHLI2H HE 24Tt Ak=Ioi el & ol
OF XEoHN I*“&ﬂ SSHOM JIE = U= HISAHE A SHIIS0
=5

XrZoHX| 40 HAIZJHBursik, 1988: Bursik and Grasmick, 1993)

—

- 12 -



O g2 0F HE Q0 ZHA|

o 22ILi2t= 1950E I = AICHEE 20471 27X =£56HH BHEE6HH
A ATHDO SAD s SIS A

o A3Y G 2THE SAUSH MO FAHTHS ASHOI S2H0IXt
SHANR SUCE TAIQ LTHIE &= SIS0l HF(E&, 2020)

o 21M1710l= &9 XICH(#4E) Ot =0 S2rst 2T JF Wel=Z 01X
(Zelz-Z&g, 2009)

o MBISTHEO SerE (R0 HRES QI2t02 | HISLO0HF 2
3148t0] O|AZS HIBLD US
o D2LH I EMBATNE BIHMQI HIZAZ0/tE HS 2HE 4 i1
Ho| EHS2 ALl 9IS
o MI2H 2 917 Q55 3|LIHHIM ZINE MR ATHE BIZ0| =0
0IXlE F&S AHS DTt
2
OHIE =

o ARIOHHIOIZES ABots QUMK ASHI=HIEE HH gI2oz £H

- XM A 016+9] A= Jt2(Bailey, 1984; Baumer, 1994; Hannon, 2002;
Krivo and Peterson, 1996; Patterson, 1991; Warner and Pierce, 1993;
Wong, 2012)

o SHHHOIJIRO| HIER XIFO BXRHOI Tt AS £FE £F
- B AE(Andresen, 2006; Beasley and Autunes, 1973)
- ZY A= (Immergluck and Smith, 2006)
- ZREH S It (Smith et al., 2000; Tarling and Dennis, 2016)
o ZI™XHOI ASO0ILETHAIO| O A HE0| =2 N HEE £H
- &1 E(Roberts and LaFree, 2004; Tarling and Dennis, 2016)
- ZH&r=(Bordua, 1958)
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Sampson et al., 1997)

o HIZ JIMoHMI(MAIIE), 2I=8321(S01) HIZ, &, Hatsd, e JHAE S 0
010 et HEE 20/92= £H(Barnett and Mencken, 2002;

Cancino et al., 2007; Chamberlain, 2015; Light and Harris, 2012;
Wang and Arnold, 2008)

o EINH HIZ Q| MHH HIZE 5F
- A5 =T S(Bailey, 1984; Blau and Blau, 1982; Patterson, 1991;
Roberts and LaFree, 2004)

o ATMMH II7, MRS, HEE 20/, ASEHS0| 24E B Z0t
o TS S AWMMOIX 4T ASH20 M2t ROUX0I LIEH K| QAL
SIHE LIEHH ZHRE US

o THAMHE|(RIUEET)O B2 ABIZHE X7t =2 XISUH M 206124 O B0l
SHMGH | = 2H(Sampson and Groves, 1989)

o HZAIMM= EEE S0I1AU(HIZ, ASEES, 4UE S)0| HIH 2EE,
EAIXIS0l O 22 OHet et 2ok 81 &(Barnett and

Mencken, 2002)
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= Iz s J|IX e Tr=1lE £
(AHZ=-0142, 2011; R4, 2010; 01843], 1994; HZIM, 2013;
XITH=-8HE M, 2018; Jung, et al, 2020; Park, 2018; Roh et al., 2010)

o U T GIF HAHA(EE, HNHIE, IS, USHER, HEHDS,
HIDIJ| S S)E ZEH0] ARoHs S (et *% 2011; 2241, 2012)7t
QI O]} EXBHHIOIE A0l HEEIE 22X

o 101 T (THAH)E XIZO ZHAES HHZ ZHSH=XI0I (3t 20|
ZTHoHs SAI0 20613 HEIQ U0 BHZ LIEH H= B2 4

(0IHA-01ZZ, 2009; Jung et al., 2020)

O &

0%t

g

o MM HIZS ZHGH| Ao Gini HIZE B0I AZ(Bailey, 1984; Barnett
and Mencken, 2002; Kennedy et al., 1991; Messner and Rosenfeld,
2004; Patterson, 1991; Sampson, 1985)

¢ YBHTE HH ) ?-% 0292 DE6H0 AS0) =?§§E§ =
1

+E 0IE6HXIEH ZYTIUTKIEH HA=Z0F AHEIHSEHA
%*g- 7?“‘*011'(5'. —’i— Ql, 2009; HIIS @, 2013; A= 2, 2014; 2<H

=S 083t ASSUSS ZHOIATIT, S HOIEA
N
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o J|ZWEFETE BN BIZ20 HEZE J|IE2 AIS

o ASETUS2 UE II=E 01610 £F

1H 2=0H 88%0 ZZ2LH X = X5
- UASIHHIE2 OHIE 3.3mE JtA L HIdIeHHe EE ZTH
X HATIZH, =UXAZ0] =0 H'2E X7, 2021. 10. 02.

<E 3-4> A% ANTE £55F ¥F

~53H9] 25244 2539 2549

88% H|&  12% H| & 88% H|&  12% M| &
e 45.2% 54.8% ZATF 76.9% 23.1%
Az 45.2% 54.8% BT 79.0% 21.0%
R 62.1% 37.9% TUET 80.7% 19.3%
£ 64.5% 35.5% 7T 81.1% 18.9%
vHEF 68.7% 31.3% =43 2.0% 18.0%
AT 69.1% 30.9% 33 83.8% 16.2%
zg3 70.2% 29.8% Topy 84.2% 15.8%
FATF 70.8% 29.2% TET 84.2% 15.8%
BEET 72.6% 27.4% =57 855% 14.5%
o 73.1% 26.9% 3T 87.6% 12.4%
2T 73.5% 26.5% ZET 88.7% 11.3%
BET 75.1% 24.3% 34T 89.0% 11.0%

')‘% LH ?‘i "»]J' 7’) 8/0 r’—l r"
22 UYAE, SUALF A} /}z T ZA Ho 4%, 2021. 8. 23,

X

L

O = A0S B

I
1%
0

o 27|Ltdh= CHE Li2Hll HIGH JHAITHY S HIZ8THHFHE 212 Z&)0l Xt

XIok= HIZ0

<E 3-5> 7HAAY X (F= 2016\d, 2 9 20159 71¥)

e w5 EE S =al
1] 5§ 24t 62.8% 30.1% 36.5% 47.2% 57.1%
= g2t 37.2% 69.9% 63.5% 52.8% 42.9%

A4 =8 FELFE LA, 2017. 6.

o A5, T REHJIAQ| &30| 2ot S2EH I

AOZ (e

0

o —ENSE AU ANAEINAM HEE H= OHIES 3.3m & JH4
= &, XIS 2= HLGHH A5 &9 12% HIS0 Hlw
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KIr
[
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Il

0l
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& 12% Hl

3

<0

uir
<

d

Al

o OHIIE Jt

510)

M2

—
—

}

0

2 X
HE 288+=

OHIIE Jt

2 0.911

g

il
80
<M

.'

9] H]E - o} I E 714)

<& 3-6> FIALH

p-value

0.000
0.001

15.32
-4.01

234.6(0.000)

0.911

0.907

Coef

0.0004627

-0.0952936
F(p-value)

adj. R’

of = wrt

A

10

K0
KIr
[HJ

= OHIIE

It

o XHKIS 0N

=
o

RO
Kk
ol
O

X

A 12% H

At
o

==
10

2401 OHLI2H 2 Er2I0l1 A
S N EE=:

—
—

UM 2 HHUE =80t

=

o
o N2

—
—

P

0

ot =

I

XHHI=

==
10
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o%
<

e
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= AAM MO HIZ =F

1. XHKI 2 UM OHIFE JHE M TAETHHIZES 01201 8l HA =™
2. 9| HAE 0120 ™S &9 NAETHHIZ =8

.UMSEH TAETHHIZ B9

4. HH=SH J|XMeLSTHHIZ A BES)

5

.3, 49 BEolgt=s O

AXIS0 DASTHE B, X8
BXIGM JASIE I 2MEL~=T

CXIZ0 TASTOED, J| X8
DXIZ TASTH J|Xde~=Tt

= HOH 30Iq YIRS $=

T 4 o

=P E’JQE 3OI E 4t =
= MOM 3,4 Q5 X2

T 10

B
Jin

=3S2B>A,C>D=C= =

°

re
1J
0
10

: 2015-20194, M=EE A

®
HI
1z
rc
10

- SHE=(4229H)

o ZHHL: HZF o= ZHHX 1124 10(215 THHI)
o S, BliEIZ, ASEES, THEUEY, HEH 0[24, JHEhHl
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<E 3-10> FNIARY 23

FEURA o,  A99RY oAwd o

Model | SH¥3  “oigm 27 27
OLS Y= X8+ c
SAR Y= PWY+ XB+ e .
SEM Y= X8+ AT + e vi= f;oﬂ/r("f v)xy + e
SLX Y= X8+ WX8 + e )
SAC T= WY+ X5+ AW+ e B AT, zy: AT, g0 23
SDM v= WY+ X8+ UACES E u;r RO 2B E, v BE yHE
SDEM v= X8+ WXO+ AWt e
GNS V= WY+ X8+ WXG+ AWt c
<E 3-12> 123 ALY FHEY
5 3 Aguige] AR QAR -
o oL 54 2o =
Model | s gm U mwm  om  mwm WM
PREG | ¥, = X8+ P s
PSAR | ¥;,= oWY,+ X8+ o+ &
PSEM | Y;, = X8+ m+ AW+ e
PSAC | Y, = WY, + X8+ mt AW+ e,
PSDM | Y, = oWY,+ X8+ WX A+ i+ P

<E 3-13> FAHLIAEY FHEY

45 IR0 FHURE DY HY YRR JIE oA

14

Model | X ofxpppt 32 AZl8®  wa e oxt @
PSR | ¥, = cWY,_,+ oWY,+ yWY,_ + X8+ wE e
DPIDM | Y, = ¢ WY, _, + pIVI;, + l//W'I;-,_l + X8+ Wij,ﬁ + u+ &4
O 24310
o JIXEANH
<E 46> 094 7| 2E5AF - 21 AFZHFD
FEEENERE .
a2 gz | B | A= | a=
%&
w “:F ZHy3 | | 465 058 3.50 456 | 755 1.55 465
Honl W | -372 | 091 | -808 | -356 | -1.64 | -157 | 4.056
=4 A25EHS A 1.37 0.37 0.10 132 3.23 0.97 3.35
%_J]: FAESMEAL | B | -122 | 025 | -170 | -1.27 | -0.27 | 0.79 0.69
aZXolFAA | W | -346 | 091 | -531 | -363 | -065 | 0.73 0.18
AAAA | B | 444 | 005 | -457 | -445 | -422 | 067 | 123
ATd=E [0 | 2483 | 1228 | 149 | 248 | 5759 | 0.12 | -0.70
2ddT | W | 222 | 018 | 301 | 223 | -145 | 028 | 271
A H] W | -007 | 008 | -050| -0.07 | 037 068 | 1055
Ei 4 | | 0.39 295 | -461 | 132 | 526 | -078 | -0.76
fredT W | 239 | 099 | -074 | 232 | 489 | -001 | -0.05
CCTV | | 493 0.77 2.50 506 | 692 | -058 | 0.24
73 &TA W | -318 | 216 | -461 | -461 | 124 090 | -1.10
W 22w
A AFETEE
O A74L dusha e B9z westy gg

15
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O 24240k
.« 22N

- AIC, BIC, LR test, R2E =&t™
O TAsH}, E(2015-2019)
Ol M2t SAR = SEMO| X gtst

o AHEMNME ZIHEIZ0] D&
ZHHIRL0I Zeh 0 &

o HHH, ASEES2 ZEMN Mt &
2#d0l 20X, RAUE01 2=

220t
- BIZo
o 0
IT - A
- XIESt
-8R0t

°
AT
1x

oy Ofy MY
:lT—: =

12

=
L

0%
ual

<ad 4-2>

£
E
Hiz=Jt
9l

I
1z
2
=
rc
H

AmNEe AHY £33

Moran’s 1 0351 | 0343 0345 [ 0340 | 0341
O [ []
low mid high

<E 412> HHJPH AHARY F - 019d9

SH2 gl=+=0
£ 3N LIEE

O] A
A= HIEE oY

22 ﬂg 3 AR
= ¥ SAR | SEM | SLX | SAC | SDM | SDEM | GNS
Ay | 0109 | 0126 [ 0105 [ 0113 | 0126 | 0113 | 0115 | 0108
A5 0059 | 0055 | 0058 0,054
HRE S > ¥ 0,045 “ 0046 | 0044 | 0058
Z3mot | 0139 [ 0131 | 0134 [ 0111 | 0130 | 0113 | 0112 | 0113
giﬁ 0192 | 0118 [ 0242 [ 0224 | 0110 | 0238 | 026 | 02%2
ShA#A | 0133 [ 0139 [ 0106 | 0121 [ 0141 [ 0110 [ 0117 | 0101
§ olzmy |-0455 [-0380 [ -0387 [ -0401 [ -0378 [ -0391 [ -0.408 | 0368
* Auoiz | ~0.0%5 [ -005% | -00%8 | -0.083 —ogse -0,086 [ -0085 | -0081
EL] 0002 | 0002 | 0010 [ 0cel | 0002 | 0022 [ 0.023 | 0009
77 0210 | 0187 [ 0183 | 0173 | 0187 | 0172 | 0178 | 0171
g0 | 0404 [ 0367 | 034 [ 0354 [ 0368 | 0368 | 0385 [ 034
CCTV__ | -0002 [ -0.024 [ -0.005 | -0.014 [ -0,025 | -0,016 | -0.017 [ -0.004
F&&/A4 | -0005 [ -0016 [ -0008 [ -0019 [ -0017 [ -0.016 | -0.015 | -0011
EE 0000 |-0021 [ -0.035 [ -0.034 | -0021 [ -0.03%0 [ -0.039 | -0023
PTIT 0378 03%6 | 0329 0627
AW, 0.524 -0047 99b | -4z
Aol 2 0.026 -0014 | 0024 | -0049
f;—gﬂ‘% -0018 -0022 | 0010 |-0058
FA8Y 0,009 -003% | 0002 | -0066
% ‘&l@ -0228 -0.267 | -0.216 | -0308
& | AaaA 01 0078 | 0129 | 002
k| 5 -
X |azun 052 -0110 | 920 | qo45
B4y 0038 0054 | 0.028 | 007
gyl 0,035 0016 | -0004 | 0046
3 0130 00es | O34 | -oar?
#3973 it 02% | 0402 | g100
CCTV -0.024 0001 | 0018 |-0024
23aA -0.033 -0011 | 0003 [ -9
¥ p-valuo: +++ < 0001 < *+ < 001 <+ < 005 < # < 0.1 i
<ad 4-15> AT GWR AS BEX
D B o &
low mid high
FE L . i s g H Azt
2015 00 422(211) 0.016 0.025 0.199
owr 216 00) 422(282) 0.040 0.107 0.189
e 200 00) 422(204) 0.00¢ 0.087 0.179
L2018 0 422(060) 0010 0076 0.131
2018 18(0) 404(177) -0.008 0.073 0.150
T2 2015 2016 2017 2018 2019
A 2. i
A _,::f i;}i]# 0.350%++ 0.28] %+ 0.24] +++ 0.216%+% 0.211 4%+
¥ ld ke o 2YE EFRUE 0% AAHst FHE AY, o5 ¥ T
p-value: =«» < 0001 < «» < 001 < » < 005< # < 01 17

S5, I NWpolA BE O 22 BAFH2R K0T A
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O =420

o CHIfS 24

- 2015-2017H 2 4Xtet, 20182 5X1&t, 20198 2 6XFL &I HetT=Jt

I ES

<29 4-16> H120193)9) A 37 AT w0 dTY s

-478 -4.08 «3.'3'7.0:12.;;-i.i62n-;2: -'0’::211164”0;7 157 228
SAHY e 6} e 7R}
=
O 2420
o« ZTIBYUNEM(ASSHS)
- ASEWSS HEI} oEas
=SESUIVNER=EEE:
- ASEHSIH I SO 4

<ad 43> 258959 M99 4

<E 4-21> W&o Ay ¥y FYA HAAAF R EFS] AYS

T 20159 20169 20179 20184 20194
A5 | 013839440 | 015280740 | 013713270 | 0.10984550 | 010871520
- R® 06753 06774 0.6940 0.7121 0.6891
AIC 7419 7451 7229 697.1 7296
BIC 3005 7977 7755 7497 782.2
S FAF | 002112780 | 00227480 | 002082520 | 001373750 | 001617570
2 R ? 0.6793 0.679% 06957 0.7141 06915
AIC 427 422 7205 694.2 7263
BIC 7%6.3 7948 7731 7468 7189
HAAT | 000345270 | 000375730 | 0.00346450 | 000134360 | C.00263000
2 R 2 06313 0.6300 06965 0.7156 06934
AIC 740.0 406 7194 691.9 7237
BIC 7925 7982 7720 7445 776.2
A4S | 000086280 | 000062250 | 0.00057420 | 0.00027850 | 000042550
A R ? 06322 06314 06965 0.7166 06943
AIC 7389 799 7185 6905 7217
BIC 791.4 05 7720 743.1 7743
AAS | 000008960 | 000010060 | 000009260 | 0.00003330 | 000006720
S| R : 0.6320 0.6310 06957 07171 0.6956
AIC 7391 7404 7205 6338 7206
BIC 7917 793.0 7731 7424 7732
B AAF | 000001380 | 000001570 | 0.00001440 | 0.00000841 | 0.00001030
S R 2 0.6309 0.6798 06844 0.7170 0.6958
AIC 7406 420 7223 6839 7203
BIC 796.2 7946 7749 7424 7129
S FAF | 000000205 | 000000237 | 0.00000217 | 0.00000C73 | 000000153
71 R 2 0.6791 06779 06923 07166 0.6955
AIC 7429 7444 7246 6905 7208
EIC 765 7970 7771 743.1 7518

& [ 20154 T 20162 | 20179 [ 20184 | 20199
Moran’s 1 | 0339 | 0347 | 0333 | 0348 | 0339
[] [] ] ] [] ]
low mid high

<2 417> A5EYFY GWR A+ §£2

0 = u m
low mid high
7E R o L S qT___ dug
205 0I() aA0m®) 007 0068 0211
GWR 2016 3100} 391 (176} -0.007 0.076 0173
A0l aR0s) 0018 0100 oum
o8 aseon 0010006 o157
O M 1Ok Y MY 01%
S 2015 2016 2017 208 2019
2
A g 0o | 02Is | 03w | 0lwr | 0247w
# p-value! rrx < 0001 <+ 001 <x < 005<H <0
£, B ol B2 98 xAE FAZLs feldY AT 19
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HA A}
D 'n'_'£|| = L
o ASHEE S 2
- 20169 JIXEHMEHEAL HIOIHE 2HZ et 24 A 2[(2020)2 HAM|
OIotH, M=2 0101 AS0H Mt H&HHtE0| 22= AS &40l
-dE99 ASEES0| AT YIREXE =)IX| 2 2= 22
-ZMTY92 ASEETS0| M0t 2IHE N UH AES01 =)= Biis A
E}JOH EU. Egag gég% [ <::vi :—13> AN 25459 SEET £9 45
. @, -1.590
OIXCHO oHAd B (050,050
@ [0.56, 1.50) Y
| [1.50, =
O No gata) ~‘ &
5
L
° e, ‘ J: o
S aars L o
8e 8° .80 7 a0
Y 'Y * + 9
e oo . . o LY *
y® .. .. ‘ 4 * “. ~
g ]
' 0 4 Tkm
® 24 249 S(2000) 20
<E 4-30> I EIAESY SHRE
2% D.SAR D.SDM
= typel type2 type3 typel type2 type3
O 2420} B L
ASHES | 0068+e+  00S5wss  00Bewr | 0.058xes 00474+  00Blees
o Eieil= [==Rc = ZA O [ 0021+  002xsx  002sxs | 0.02Arxs  002Bers  0026xes
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