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ABSTRACT

This study examines the thematic structure and temporal changes of aviation safety issues
using narrative information from aviation accident and incident investigation reports. Narrative
data from the National Transportation Safety Board (NTSB) covering 2002-2025 were collected,
and after preprocessing, 34,482 documents were analyzed using Latent Dirichlet Allocation
(LDA), identifying 15 topics. The results showed that major topics included landing gear and
landing-related damage, runway and terrain excursions, and low-altitude maneuvering, stall,
and terrain impact. The topic related to landing gear and landing-related damage had the
highest overall mean proportion and increased in relative proportion over time, while the topic
related to low-altitude maneuvering, stall, and terrain impact remained relatively high during
the middle and later periods. These findings demonstrate that accident investigation narratives
can serve as unstructured safety data for identifying recurring aviation safety issues and their

temporal changes.
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Qla} 25 WS AAF R nelsl= g2 A&FH2
& F83lt} 7]E b AeM R FEAkE &
FTA = TAAS] 78 eRTro g A9k 4
gRlA, YA, dar &5, JAaE, A 2 23
821 5o] 2ol B o = =o=o] Yrh(Reason,
1990, 2000; Kim and Baek, 2017; Kharoufah et
al., 2018; Kim and Park, 2021).

T ZAE Eot A= olsfstr] HsiAl
= 78 ARS] Q1S Aske H XA g A7)
7ol A4 Alarel SARL Az vHEHo g 7| BE =
q olqpel 11 W} P2 HES et k. T
2 357] 7ls, Y AA, Qu] AlAH,
! B4 43, 3 Wt 5 o 8219
tons E4 A9 AtargRloly 7iE Al
HHEA 0 2 e QP o] 2 E &
1 Tetslr] offthReason, 1990; Underwood
and Waterson, 2014). |23t £4o] &835F 4+ 9]
= 8 AETt ARIRAE A Y] AgA Rl vl=
National Transportation Safety Board(NTSB)=
FIARL 9 FARS] B A9, A UG, EE =

4 A 23} 55 AR A& E(narrative)E
A-Z7sta Qltk. o] Am= HIAE HAECY] I
of 2 AEE FAQdCE HESK:= © A
AA"HAhadh et al., 2021; Yang and Huang,
2023), 7l&d 24, 2 4%, T 80 4 04
A7} ofEt HWetolA 7SR =AE Tl 5 Stk
HollA 71& Ao A9 ERU ABSHE At FEE
HOk= AgaE Z8E 4 tHAgovic et al.,
2010; Tanguy et al., 2016; Ison, 2025).

o= ol Ui+t HIEE A=E A5 ¢
S EAEDlo]dI} Ao AT 7ol Faebd A+t
o] &85 UtHAhadh et al., 2021; Kwon and
Lee, 2023; Yang and Huang, 2023; Yoo et al.,
2024). EMEERL A o] AE A 125
gEgFoF A= HHOZBlei et al., 2003) &
WA B4 BEEAHO R Ui FAIE B4
she o] E-&5o] $thAgovic et al., 2010; Robin-
son, 2019; Nanyonga et al., 2024). T3t LDACJA]
Azl 24 By e AR FASHE 2+
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el BR EA ALLAEe 4, AR TA L]

[e]

X

N Ho
i Ok r
we,
0.
r

[¢)

o2 B
ol

fllo

A

)
b

ol

Mo e 2

AeaFet dlE 5ol 71os) fkotkAgovic et al.,
2010; Underwood and Waterson, 2014; Boyd,
2015; Zhu et al., 2023), 717t &€ NTSB Akl
9 A WHEEES o g vhEAQ] QP o)4re)
FA| xRt A Bl HIkE T4 AT A+
£ AIgHoltRobinson, 2019; Ison, 2025). Ison
(2025)2 2008-2025'd NTSB AFTEIIA WElE
9] Hgts E4sieler, o] A BA47I7kE 2002
QA71A] gPgstal Afael 2ARIE A4 E45t =%
H ETo 4 vS A7 W P AES
= FoflA Zpol7t it

2001 9-11 H¥ o]% H|=olAl= transporta-
tion security administration(TSA)2Q] A H|E3]
o FH HAT} A=AAVL o= on,
% Hopo] #e]- A= o Wt YerdtHElias,
2009; Price and Forrest, 2024). o] o] g5-= o]
3t Al W3} o] %91 2002WRE 20259714 &
AE NTSB FTAL & FARL RAMRTA9] A&r]
HE gAY o s AAsielry. =49 282 &4 A
19 A Rloly 78 ARdE AlEFohe H Al
Bl RAHIAC] WEAo® Ul 3REQPd o]
79 22t AIZIE A HS9 HekE sl
o Qlt}h. FAFoE AR, AR TA AerdE &
e 8 EFS =36l =4, 4 EF U84 &
AL Sidshe A, A= EY e HEe=s
B A4 vEe Wl FE HES olF &
off it ALRAL HiZ|E|Bof vHER o2 7|55 <t
A B FAE FRIelal AALRAF AEETT
AT et AT A EEE 5 U= HAHD A
AmgA 2= 7FedS =ostaat itk
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tHReason, 1990, 2000; Kharoufah et al., 2018).
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e, A% &5, JitaE 2 A=A 5 USR8
Qo] Az IHAEE= IHe= nmofs| gtk
Kharoufah et al.(2018)2 &32% Al U SARL
oA AgRlA, oAEA, AR &4 T AF 2RI
F8 849 AsIler, il Aoz TAA}
9 AR m&E, AEFA QI E AAE T
o] 3zebdalt TAHE gloz tFEoA YrHKim
and Baek, 2017; Kim and Park, 2021).
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AYepr|Ent 7ed 294 2234 219 JoAE
o 9sfl BE=Ee= AlAHA HHog ol dart
Ue= HoJEr} Reason(1990, 2000 & &
9] oot M AT, ¥ AR E |9} B
A A 7o) Al Aol JRk= wE =
2 Hgkon Underwood & Waterson(2014)}2 &
At AA”9 ATt @l E Aoy A3 <l
HEATeE FE6 HYE7] ofFrty AHs3rh
Leveson(2012) Al AIAE] WR] o Aokt 4
84 F ATAES FHOE AE T Ue4S
AAStAT. wEba] AL} EARILY] EAOA =
£ 4l HFE ofgt Al A I 9] 3 A
8 AH, 73 27, 18 39 9 Ay Wegs A

E3F 997} 9ok

2.2 YIAD ¥ EAND ZAETMO MEFE

FBARL 9 AL FAE A= AR} FARILY
A8 T I W=Re oofdt 4= Sle 8 Amd
olth, ALRARETAI = AL A AA9 A, 5
7] AE, v 9A|, 71 24, 23 A% L Al Z
Hep A2 ok FEAt ARAY] AN T RA
W8S AYsle AeHH(narrative)s  AlFELC
[son(2025)> NTSB Atxl ¥ =AML dlo]gHo]A7}
TZ8hE et 2ARPE 29 H18 Y AEPEE
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Hop Ao BoE = &S At webA
FAPE A MegdHEs FYshE Al 99l Z=Y
AP ERETtog FEs] EEuy] ofge Akl
W BFoR molsl: AmE E8dE 4 ot
(Agovic et al., 2010; Ison, 2025).
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25o] thTanguy et al., 2016; Yang and
Huang, 2023). ZHAAE Kwon and Lee(2023)=
T3 B AT e A3 EYEYT
< A8sto] F8 A ol E BA6IACH, Yoo et
al.2024)2 I B 2MARE W= giEnt
oj\dZ &-gsto] FFARILel FFHH 8 7=
o} A3E HESII

EQudde ZA oA ol &E4 Exs
o= FAE A 25 5795k Yol Blei
et al.(2003)°] ARt A dEe THlatent
Dirichlet allocation, LDA)Z ote] BAE o8 &
go] zgog B 7t EXS tolo] FEREE 24
g}, olefdt B4 ookt W HEI} sl A&
o ZIE= FBARL W E oA HHEAQl 4]
ZE S5 9 F9sit) Agovic et al.(2010)2 &
3P HaAo] LDAE A-8sto] iy 7tsdt FAE
=31%.9™, Nanyonga et al.(2024)2 NTSB A1l
2 ZAR g H oottt EXrEy 9 A
718 AEsto] QA FA 25 H|stSich

LDACA 7+ A= she] EFlo g RREE= Ao
ofuz}l ofz] Edo] A& thE HIEE T E4-E
4 E¥(document-topic distribution)& ZH=th. &
A do] BE¥ B2 Ode= siF EACIA 2 EXo] A4
Sk A vlEZ 9uigitt. $HH 7 Eg2 HA| of
3ol st gEExQl Eg-to] EX(topic-word
distribution)2 Ed=|H, Blei et al.(2003)2] E7]°]
A Be EXE ool &3 Uehdth 7+ EFojA =
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2 e e WolE2 did EYY 9u|E si4ls)
= 58 A7 "Hrt LDAY] 718 Ao HE &
A B9 X 0d7} Dirichlet X2 HE A=A,
EA4 d9 nHA dolo] tigk I EF zdno] ©do
w2t A, #= do] wdn AEd By EY
¥ o] & B wEt B4 HBlei et al., 2003).
olg 7|&HQl Ao HHsHH 4] (D At

6, ~ Dirichlet (@)
24, ~ Mlitinomial (6,) )]
Wan —~ p<wdn | Zdn,B>

7|4 6de £A4] d9] BEY EX zdne A4 d9
n#A dojo] SgE I EY, wdnd A T=H
tolE ougitt o= EAYE EY Exo| ggh
Dirichlet Es=o|™, B 7 EHojx] o7} 44gd
&S el EX-to] &E PHoltKBlei et al.,
2003).

LDAYIAE B0 A EY 5= KE AAdoF
o, B 0] A2 T
g0 FFE vHT AUAA F2 Ke A= o2 F
A shte] EYor B3t & Sl v, AUAA
£ K& AR FAE AlRsleiAY 359 EXS A
A% 4= ok wEbA BEY S 139 BA1F AP
ot m&H EN9| )4 7S A aElste] A%
& a7t Stk XY AP perplexity®h T2 %
T4 ARE B Bl & Jlov, BAF Hiwo
7fAo] WtEA] oqujFog Pest By x5 HAG}
2L ofytiChang et al., 2009). ©&td EZ 5
AR wol= A e} A B A9
3 o] oujy I3, BY 7F g4 FE H=
9 AL A 7FsdS A AESK:E Aol 38
SItHChang et al., 2009).

BEundye tEH FA9 A7 W] 24
3= o) €82 4= 9t} Robinson(2019)2 ASRS X
240l LDAE #-8sto] Bl ¥ WslE 4519
o, [son(2025)2 2008FHE 2025E71A] NTSB
AMIE A W e Be] BigtE BASHYth dey A
717k9] NTSB AMle} #AE oz gl At)
2 v]Z9] WslE A7|ER H|wgt A7 AgkH o]t
o] 7= 200295 20257142 NTSB F3AHL
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EX25+=  O]=  National Transportation
Safety Board(NTSB)7} &703t &AL & FARL
FAMH LA olE}, o] Al A7 W A BA5H
71 &l £A4717HS 200288 2025W7HA 2 A
sich 20209 AEe Am SH AR 7IE RFE 4
Lo sfgetng A H|W R AlLetsich
EAYALS 20029FE 202587HK]19] FEARL H
FAL Ao AR Atgm= 38,2567 08 4
HJtt o] % Al(accident, ACO)E 36,4897, &
Atl(incident, INC)& 1,767710190th. ZF ZA1E
= AL B AR A A RAF UG, B" &
A 52 R A& E7F 29E ] Sk o] At
Az g AedEs BARER ARgSHL 7 A
HuAE BAG9=E 2G5t #4449 242 E4
Atae] AR AlE Awdsts Aol ofyEt th=
Al g EAM AEAHo] REEHo® el oA
o FAIE 1 A7 H3E S otk 9 qik

3.2 HAE Hx2|

Egudsof ohA FFARL 9 FARIL AR IIA
9] MedRE EA-do] FHE HIlolr] 93t AA
& FYoIet. A4 Igoxs d7 HAEA &
A, RS A, go] 8ol AA ¢ EESE A
Alot3itt. o] HlA AlgofA] ¥iEAHoR UEhtA|
Tk A ol 71o=7 %2 36719] 3% olRE F
7t2 AAstR oM, AA A=A 503] o} Edgt
HolE B4 o= A5t

AA 38,256719] ZAPIE 7 HAY & 24
7Vt fE EZo] F2 EAE 34,63170]3itt o]
T F8 EE 9713070 o)l =AY ENEEE £
Aejide] Zesitt ol f8 Tl £7F AUAA
A2 A9 A9 B4 Y To] Exr} sjElsio] LDA
n3go] A9 FA T HE&S HFHoE 2G|
o]g}7] wjiZolct. E3E 307 mTke] fE EFZoE
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AE A= Ae8E gol B4 EFo] gig 3=
3 A7 ABEA g 7FsAdol =Tkl ddskgich
oA o] Ao HAage] FA 9AE EZJRH
A B1et £40 wgst] Yol R EF 4 3070
£ 71802 FHESI9rt olof wt 34,6314 & 149
AL F71= AlQlstaion, 2E BATAE 34,4827
o & SP5ISit). o % 7} FARE Ao 23HE Tol9
23 WIS 8iEto 7 34 48271 £419} 7,3227) Thof

95 EA4-To] PH(document-term matrix,
DTM)= T-5s5to] Egrdso] ARESHIC.

FIAL B FARL RAPR A Y] A&rdHof et
b FA F2E melelr] Y8l Latent Dirichlet
Allocation(LDAYS Z-831%th. LDAE EAE o
FA9 stog Hul 7t FAE dolE] FEREE
Zel= AASEEHo|tKBlei et al., 2003). E4
o= R topicmodels H7AE B3t 0m, HME
71zt FdiSKvariational expectation-maximi-
zation, VEM) ¥18&S B8 3L =4s19th
Axe 9@ 74 A S AX 591 TA4-9o]
g& ol83lo] K=8, 10, 12, 15, 18, 208 TH &Y
S 77 A5kl ZF BE9] perplexity®s H]WFH
o} E3F K=159F K=18 239 4] && HolE vl
sto] E4o] -84 o4 7hs/dS AESHI olEgt
e 2y vluet Wed iy 7HsdE SFoto]
Ed =& 24k

yS|
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3.4 BT oA U A7|Y #is
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% IDA ZYold B35 7 Eve Euy 49
48 golot i E¥Y HiFo] wL E BAE
Edte] sjustact. 2 E6o] WYL 49l o BE

e 7|EoR FofshA] Al AA HiA Med] y
et -84 542 st s ol &9
FEAL ZAREIA Y] AEHH| HHEAo 2 LEht
A #H FAE =S5

o A vE2 2 240l Fojd EY 28
S B-goto] AESIAT e FAEIA S EX
E yghe A EA0ll 2A4 Hadste] BEE AJHA
HE-2 ARSI ol ygh2 she] 241 WollA
EYo] AX|shz A4 gHlE Ueies 54 &

49| Bt yak 7k i AL E= A1E9] dohE
R S7HE QJu|ekR] P=tt mEhA] o] dAqtollA
= A7TE yEe] BskE RARE A W2E B4 2}
EYo] AR|ot= A 59 Ak sj4sieith E
3 HuA9 YA E 7|E0 R EY SEgtS JA
st A W v ARESte] obd B =AY
H H5E P AT 7|7l 23 EY
HlE9 Wl HIRES Hlwsh| s 24T
2002-20084, 2009-20154, 2016-2025¢2] Al +
ro= At o] 2 B Aoy A= |
3= 71208 IR A A7|E 6] 9
t 7ol ofyz}, A7 AolA Yeius EY HS
Hes dAe ke s qofsto] Hlwshr] gt
E47 FRolrh. ANkRel SR = 747 7TdoR &
UsHA Hgstaion, SRk = B4 SRAER 2025
A7MA|9] A=g 2Fote] 7] W SES T H
e S IEE 2016-2025¢9 02 A5t
A7 A9 7ol et EAdnpt gk 7
S HAs17] Y3l W% EA(sensitivity analysis)S
F7l& AAlsSth 718 29 F AAdEE 77 1
| 471 2002-20079, 2008-20144, 2015-2025
|3t 19 &=+ 2002-2009%, 2010-2016%, 2017-
202599] oiQkd xhE AAsta ZF oA A
H B gy x| wst IRk Ve =9 A
9} v o B9l 8 EFO| A7E WHE}F &
Aol BAAES] o wet geike A=E Rlst
Ak ol=Ek AAls ALY Ay Al AERS
7] 93t Aol ofgl NTSB FARE A YHE]HofA
vtEAo g 718H QFd o|fe A xRt Al
Wl = oelsty] 13k Aotk
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perplexityE AFESIITE &4 23 K7t Skt w
2} perplexityZl A&H 02 Hasto] B4 KoJlA| &
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Table 1. Perplexity values for candidate numbers

Table 2. Topic names and key terms from LDA

of topics topic modeling
K Perplexity £y Eqy F8 719E
1083.4708 | |FE T B &Y A, xEdd, JA, 29,
% ) 32, 2
10 1054.7090
. . Welge, 2, 28, o
12 1044.0417 p | ETEHER | VLN Solgee
% 28 Aol Ade|n 227
15 1015.2824 =T rov
g o3 =4 9 4| A4E, AV, 24,
'8 9918936 3| W AEY A B | BRSO APHE 2
a 20738 L | AR [ AL A, T, e,
A7) Hy 2 ES:
Eujo] Hejui obajo] Lhetrl. olefst A vlw o= 25 adwe, =
_ N olE = }_O % Al O O)\ y =
o UgH a TS FUHoR WED Zat B I (@, LI,
K=159141 8 9390 ol%9] ould -8} 54 s
o] Agsirti wtsle] HE BY £E 1542 44 6 | BNHE XA Lam gu ma 99t 2 70l
TwE =0
SIFATHTable 1). e - - e
HFHZ F BF| TR, oIF, A%, B,
LDA 84 77}, 200247 2025W7149] NTSB Tl e Agoe | um oAy
oA B Eat 2R ARl $ 157 4% 97 U 4% | 4% 4% wEw
o FA EFo] =EHA. 7 EX2 A9 &E T 8 & &4 7R, &4, Aol
oF fiE 49 W8S AEst] sttt Xy o | AR UR RE | ey AU, Wy, )
E74 tholo] BgUkS 7|20 = Holsly| KT}t dg B °d A% AY Hol3, B2
o] 2 AES Hel wolSo] ojugt Al 4, o | 7 BE Ax | E9, 4 e, suE
2% 27, A oly, B4 29, UH Pigh ] ik A, w9 ST 2
L= xsHos sl AW dm w7 9 welol| dm, duwa duwas
SIS SRS wEorel Aot W e e ey | de ae ms
B 23 maE BEe YR U 2L A
5 254 A2l 7| ARE AA5E, A9I3Y
Auo] wgAoR J18E A b ol w12 | T I B A S, AT
1H Emo 3] FH] 2AF = Sl
OE_F' E“n_. ?l]%l, (ﬁiiy XC)Hly XOH] ‘T‘_J\J o © 07] 7] /\Uow’L\—ZH al 7'ILH /\Elo_] 7]](], ]:17];(]_ 1,]_712
2 q o - oo = oo &= 13 o T &0 = oT & T/1e, /T
< 4 7141 gQlat BHEglon, e EYL &5 w1 gA; AL} =M Aq
2, A%, ol ¥, /W 27 5 2% A L 8% ATE ABA% 9| TE 4% AT, A3,
Qo BT B9 2% WA, TE A4 4w M| A9 F4, e
T U429 et Bl BE A ol | wq3gws 4 | 5= 42 25 A4
NTSB ZARRIAL] A& =7k AL €9l WAoo 2 5= A, =2
2IE]7] olee theyet obd ol mFetL 9L

Hojsot,
Table 2= LDAZ &3] =% 157] E¥9] F8
tholel EggAS At Ao|ct

42 E4E B HS

Table 32 A 24 EAof|A 2+ E9] HF ygt
< AE3 Aotk AA| B vlFo] 7P 2 EY
2 Topic &5 FA 4 25 F &4, 0.181D)=
ERton, Topic 7(0135H & 52 4 X3 o

g 0.1076), Topic 14(A1x 75 A& U
€, 0.0902), Topic 3% €& 21 4 F& A&

Atal B3, 0.0833), Topic 50015 & 2% 9 ¥

A3

g of

Q.

%
kY

°{, 0.0778)2] =22 UEtsIT}. o= NTSB 3aAkL
9 FAL RARR TA 9] A& EoA 25 7+, o]}
Jd A, Ak 713 dAH A S
o=z & HlEE At 9SS HoEh ST
Topic 32 Wi B4 HE 2% 7 3 243 4f
g 718 A&, JE AFF At Ba19] 70| ZFoH
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Table 3. Overall mean topic proportions

=9 | EY Eudy Bt ¥
1 |Topic 8| #& A ¥ 25 F &4 | 0.1811
. olIFEF[L T EFE ¥
2 |Topic 7 A% ol 0.1076
T A4 "l &
3 |Topic 14| P IEAS R AR | 09
. Kl g !
4 TOplC 3 7@}3“_ 7““':8_% /\]—_T_V Hy 00833
5 |Topic 5| ©°IF % &% 9 WA | 0.0778
6 |Topic 10| 7131 &4 X &8 &4 | 0.0756
717 al 3k =
7 | Topic 11 A= _Léég T‘/;;]Oﬂ T 0.0635
8 |Topic 2| F=FE & 9 Z¥ Ao] | 0.0632
A Y BE g
9 |Topico|  TEMITEE | 0.0sd

10 |Topic 4| 71417 # A1 ¥y 24 | 0.0408

11 |Topic 15| A3 1E 2 =2 H¥ | 0.0369

a5 4
12 |Topic 13 710 BIRAL AR 0.0364
ZEA AAHY FE -
13 [Topic 12| FFT AL 0.0361

AR 9 A RE &4 | 0.0327

14 |Topic 6
15 |Topic 1| 3& & 37| &4 4 z4) | 0.0283
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it eIt} wet o] Eme A %
2 Bl 49I0] SIS, ofF 8 2 o]
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4.3 BT H|S9 AI7|E Hgt

Table 4= 2002-20084, 2009-20154, 2016~
202599 Al A71E = gt ygiat Het e Al
At Aol

B A3 Bd W @S AEE 5%

Az T vt QP ek 47| ] d
U BHOWIE JIE 720 FAARE 242 1d
PAG 25 A9lE tiRie] E8olx] 571
o] 8 Wago] AAEE Tt WsEo] Ze o

i S MO (2 ot o

Table 4. Changes in mean topic proportions
across three periods

2002 | 2009 | 2016 _

= -2008 | -2015 | -2025 et

1 |0.0653 | 0.0081 | 0.0061 A& s

2 | 0.0530 | 0.0674 | 0.0707 A& F7F

3 | 0.2059 | 0.0157 | 0.0105 Ay
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