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Analysis of Industrial Accidents Data with Survival Model
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Abstract The purpose of this study is to analyze the industrial accidents data with survival model. EDA approach
is used to explore the relationship between two variables and among three variables for the past 10 years of
industrial accidents data. Survival models are also tried. Survival curve drops more rapidly for the business with
fewer employees as time goes by. Industrial accidents occur more often as the total number of industrial accidents
gets larger and as the number of employees gets smaller. Agriculture, fishing and forestry have a higher level of
industrial accidents than construction while service industry and ‘transportation - storage and telecommunication’ have a
fewer number of industrial accidents than construction. Korea Safety and Health Agency’s and Ministry of
Employment and Labor’s involvement were not effective but Civilian's was. Recurrent event data analysis reveals all

most the same result as for non-recurrent data analysis.
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Analysis of Industrial Accidents Data with Survival Model
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[Fig. 1] Survival probabilities for diverse business
categories
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[Fig. 2] Survival probabilities for small, medium and
large businesses
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[Fig. 3] Survival probabilities for those who have
not had any involvement from Korea Safety and
Health Agency and for those who have had
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[Fig. 4] Average number of industrial accidents for
each business category
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[Fig. 5] Average number of industrial accidents
for small, medium and large business
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[Fig. 7] Survival probabilities for each category of
accident proness and accident number
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[Fig. 8] Boxplot of the number of industrial
accidents for each cetegory of business size and

accident proness
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t; =3t A COLLY] FHAFAMAL & 31 A 2
Zﬂﬁﬂﬂ Aol 74A1 9] 713

o =AFA7NA (date_start) 5-E] - AF$1 5 H.(date_end) 7}

1191 713k

t3 =~ 704l (date_start) -] /g 1 (survival2006)
7HA el Z1zkelgta & W ¢, <min(ty, t,) 01 T
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(Table 1) Example of database for Cox’s PH analysis

. o # Civilian| # MEL
id| t [status| x]| x2 Eg:elgg:‘j injol%zgé}lts mr‘;oelr‘i‘? 1%22227
12481 O 0] 0.3] service NaN NaN NaN
213408 0O 0] 46| service 0 4 0
312770 0 0] 0.5] service NaN NaN NaN
413497 0 0] 24| service NaN NaN NaN
5 (1743 0 0] 05] service NaN NaN NaN
6 (2921 0O 0] 16| service 0 1 0
712190 0 0] 0.7] service NaN NaN NaN
813503 0 0] 42| service 0 3 0
9 (21721 0O 0] 10| service NaN NaN NaN
103651 O 0] 89| service 0 3 0
112190 0 0] 0.7] service NaN NaN NaN
12[3650| 0 | 0| 16]"AMIAT]  NaN NaN | NaN
13[3561| 0 0] 2.3| service 0 3 0
1413651 0 0] 24| service 0 3 0
15(3378| 0 0] 2.2| service 0 2 0
16[1053| 1 | 1] 35| anuta 0 1 0
1713642 0 0| 1.2| service NaN NaN NaN
183561 0 0[0.7| service NaN NaN NaN
19]1979| 0 | of 05| MM NaN NaN | NaN
202740 O 0| 1.6] service 0 1 0
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Cox?9] PH modell¥ =4 3,52 th&-9] partial
likelihoodE W= 3= gtE°lth

n o exp(B7X)

1;‘[ 3 exp(ﬁTX)

t;=t;

9

oA7]ellA §; T Al-elA ARzdo] AZEOH 1
olil, FLEFTENUSH 09 #He Werh partial
likelihood2Fal 8= o]+ 9] likelihoods Aol 2+
ZH AlFoNAM 9 hazardHe 28l7] wlio|th Yol
A9} 22 likelihoodE 7HA 3L & 45 4491 A4
8 TR patial likelihoodol 212 #3) A3
(optimal solution)Z& 2=

Cox®] HHHF RS 12 Ao Fo1 Ak Als) dlo]
Elo] Z-g-sj¥ A3} <Table 2>0lM 9} 7+ TS Ak

_‘

il

(Table 2) Results from Cox's PH analysis

Call:
coxph(formula = Surv(var, status) ~ num.jachae + no_employees
4

business_category + KSHA + Civilian + MEL, method =
"breslow")

n= 47604, number of events= 11812
(31062 observations deleted due to missingness)
coef explcoef)
se(coef)  z Pr(>lzl)

num.jachae 0.2931684  1.3406685

0.0036779 79712 < 2e-16 #xx
no_employees -0.0053485  0.9946658
0.0003956 -13518 < 2e-16 s

business_category: mining 0.3435616  1.4099603
04341857  0.791 0.428782
business_category: banking &
05952362 0.016 0.986873
business_category: service
0.1499239 -5.801 3.85e-(09 sk
business_category: agriculture
02050065 3793 0.000149 s
business_category: no response
01597177 1.363  0.172892
business_category: fishing

0.0097931  1.0098412

-0.8831368  0.4134839

07776069  2.1762581

02176906 1.2432023

0.7550843  2.1277910
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0.3656492

business_

0.1620473
business

0.3066680

business_

0.3612509

business_

0.1497325
KSHA

2065 0.038918 =
category: transportation &
-1.815 0.069561 .

_category: forestry

3901 9.59e-05 sk
category: electricity &

1.240 0.215127
category: manufacturing

-0.684 0.493721

-0.2940770

1.1962685

0.4478034

-0.1024774

0.7452191

3.3077511

1.5648710

0.9025986

02348306 1.2646945 0.0066810

35149 < 2e-16 s

Civilian

0.1338040 1.1431687 0.0083828

15962 < 2e-16 s

MEL

-0.0304860 0.9699740 0.0144277

-2.113  0.034599 =

Signif. codes:

exp(—coef) lower .95 upper .95

num.jachae
13310  1.3504
no_employees
09939 0994
business_category: mining
06020 33021
business_category: banking &
03145 32428
business_category: service
03082  0.5547
business_category: agriculture
14562 32525
business_category: no response
09091  1.7002
business_category: fishing
10392 4.3568
business_category: transportation &
05424 1.0238
business_category: forestry
18134  6.033%
business_category: electricity &
0.7709 31767
business_category: manufacturing
06730 12105
KSHA
12482 1.2814
Civilian
11245 1.1621
MEL
09429 09978

Concordance= 0.846 (se = 0.003 )

Rsquare=

0243  (max possible= 0.995 )

Likelihood ratio test= 13224 on 15 df,

Wald test = 22982 on 15 df,

Score (logrank) test = 69807 on 15 df,

0 "+’ 0001 s+ 001 % 005 2 017 1

expl(coef)

p=0

p=

p=0

1.3407

0.9947

1.4100

1.0098

04135

2.1763

1.2432

21278

0.7452

3.3078

1.5649

0.9026

1.2647

1.1432

0.9700

0

0.7459

1.004

0.7092

0.9903

24185

0.4595

0.8044

0.4700

1.3419

0.3023

0.6390

1.1079

0.7907

0.8748

1.0310
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h(t,x) = hy(t)exp(0.29z, —0.0052, — 0.883z,,
+0.7782,, +0.755z,; —0.294x,, + 0.235z,
+0.134z; —0.03z)
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4. Recurrent event data analysis

Abe] el A= AR 7IRE Fotell Als7E &
o AT 4= glrk AR A 787437 9] AR Tl
A 20063 7-H 2015»#77}x1 10871 64,408701] AHe] Aol
A= A7 & W dojubA] eF ARt 8,7507H4

o R e
QoA = 2 AEE 28 Qolstow], 12027e) Ak
Ao A AS7E 3 Qofykeh b R WA A
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AABN 7t Lol wi7bA] o] AIZHERE ol 2} A o=
dojup= AIZW7HA] 88 4= = recurrent event data
EA o] dasitl 2 AFlA e ARGl A Ak
A7t 5374 dojiks AlRbRkS A8} FHalE 10
Ak AR 7Y 531742 Aol AR 7815671
Ao 2 A 7874371 AF47de] 99.35% 5 AFA| g

°o]¥ recurrent event data®] 75‘—?—01]5 Cox2] H]H ¢
& 2 d(proportional hazard model)S #83 4 ok
Cox®] HHAP RS #8317 AOHHL S A
dlo|HE AP = A AlE At = Aok gtk
A& 5o 3456 A AP [Fig. 9lellA ek 2o] AR
AL 31,9579 A A A A 7E dolwkar, A
AL %= 208094 F A AAAN7E dolwkar, A
AL $- 2189 0] d w7kA] #5o] H 79 recurrent

ﬂlO

event data®+= <Table 3>ol|A1¢} o] AT
censorlife
(OFX|2 R AIE)
M Ry 2 EAlE
O aFAE
* * =} *  * *

Chad RiFH DEAIE
ul e A

[Fig. 9] Cases where industrial accidents
happened twice after start—up

(Table 3) Data array of cases where industrial
accidents happened twice after start—up

id order event start stop
3456 1 1 0 1957
3456 2 1 1957 2089
3456 3 0 2089 2189

oAFA AFRe AbgAE dolEe] A
recurrent event data 41 3171 $13)] vHE do|E|Ho]
2 <Table >4} 2t o7]elA ide AMES
718719, intervale A+ A 3l —’FH, start= 3T A
o] A2 stop BG4 BS HERLE oE £
16W 4 ARS17de] A5 AFZIAL & 10639 0] Avt AlF
oA Abdafsl 7} & WH Lojwtar 1 o] F 3347U7}A]

a5 siglort QA o o dolk esiel 16

I
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(Table 4) Example of recurrent event data

# # total #

; busi
o intti |inter|_ |  [KSHACivilian] MEL md}}S* # of ness
id) event me | val start | Stopjy o] involveinvolvel atcl;i(ﬁ* workers | cate

ments | ments ments ents gory

1| 0 |2481| 1 | O [2481| NaN | NaN | NaN | 0 |0.2727273|service
21 0 [3408] 1 0 [3408] O 4 0 0 |4.1818182|service
3] 0 [2770| 1 | O |2770] NaN | NaN [ NaN | 0 |0.4545455|service
40 0 [3497| 1 | 0 |3497 NaN | NaN [NaN | 0 |2.1818182|service
5/ 0 [1743| 1 | 0 |1743] NaN | NaN [NaN | 0 |0.4545455|service
6 0 [2921| 1 | 0 |2921] O 1 0 0 | 1.4545455 [service
700 [2190| 1 | 0 |2190] NaN | NaN [NaN | 0 [0.6363636 |service
8 0 [3B03]| 1 0 [3303] 0O 3 0 0 |3.8181818|service
9] 0 [2172| 1 | 0 |2172] NaN | NaN [NaN | 0 [0.9090909 |service
10 0 |3651| 1 | 0 [3651] O 3 0 0 80909091 [service
11 0 |2190| 1 | 0 [2190] NaN [ NaN | NaN [ 0 [0.6363636 |service

14545455 [anufa

120 [3650] 1 0 |3650f NaN | NaN | NaN | 0
cturing

13 0 361 1 0 [3%61] 0 3 0 0 2.0909091 |service

14 0 |3651| 1 0 |3651f 0 3 0 0 |2.1818182 [service

13 0 |3378| 1 | 0 [337 0O 2 0 0 2 service

31818182 [nanufa

19 1 1053 1 [ O [1053] O 1 0 1 cturing

31818182 [manuta

1§ 0 [2294| 2 [1053(3347] 0 1 0 1 cturing

17 0 |3642| 1 0 |3642| NaN | NaN [ NaN | 0 |1.0909091 [service

14 0 361 1 0 [3%1f NaN | NaN | NaN | 0 |0.6363636 |service

04545455 manufa

19 0 (1979 1 0 (1979 NaN | NaN | NaN | 0 cturing

recurrent event dataZ}il St AFESlE AER
Al e Coxdl HEIHP Lol nR s 34
N AAIG 2
h(t,z) = hy (t)exp(Bz, + Byay + ..+ Bz, ) 9F  HRTL
<Table 4>¢] recurrent event data®l tha] Cox<] W]z
AR s g2 A} <Table 5>A9} o] LhQ
H, ek A3 2l vy 2

h(t,x) =
— 10424, +0.391z,, +0.6662,, +0.979z

Ry (¢)exp(0.12z, +0.001z, +0.683z,,

—1.027z, —0.398x, , , +-0.246x, +0.083x;

+0.064z)
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(Table 5) Results from recurrent event data analysis

Call:
coxph(formula = Surv(start, stop, event) ~ numjae +
no_emp +

business_cat + KSHA + Civilian + MEL, data =
data.recur, method = "breslow")

n= 68212, number of events= 21111
(34139 observations deleted due to missingness)

coef exp(coef)
se(coef) 7z Pr(>lzl)
numjae 01243619 11324256 0.0015705
79.186 < 2e-16 ##x
no_emp 00012259 1.0012267 0.0001837
6675 2.48e-11 sk
business_cat: mining 06827178 1.9792496
02362998 2.839  0.003862
business_cat: banking & —-0.9353386  0.3924530
05822515 -1.606  0.108182
business_cat: service -1.0421860  0.3526829
0.0775847 -13433 < 2e-16 ##x
business_cat: agriculture 0.3905235  1.4777542
01274927  3.063  0.002191 =
business_cat: no response 0.0195409  1.0197330
0.0830612 0222  0.824391
business_cat: fishing 0.6664663  1.9473439
02222970 2998  0.002717 #*
business_cat: transportation & -0.0818879  0.9213752
0.0878333 -0.932 0.351176
business_cat: forestry 09789744 2.6617250
01741082 5623  1.83e-08
business_cat: electricity & -1.0266541  0.3582035
03106852 -3.304  0.000952 s
business_cat: manufacturing -0.3977024  0.6718619
0.0774014 -5138  2.77e-07 sk
KSHA 0.2456366  1.2784349  0.0045648
53811 < 2e-16 #xx
Civilian 00880828 1.0920785 0.0062914
14000 < 2e-16 ##x
MEL 0.0641474  1.0662496 0.0083757

7659 1.88e-14 sex
Signif. codes: 0 = 0.001 *x 001 % 005 01 °" 1

exp(coef)  exp(—coef)
lower .95 upper .95

num.jae 1.1324 0.8831
11289 1.1359
no_emp 1.0012 0.9988
10009  1.0016
business_cat: mining 1.9792 0.5052
12456 3.1451
business_cat: banking & 0.3925 25481 0124
1.2286
business_cat: service 0.3527 2.8354
03029 04106

business_cat: agriculture 14778 06767  1.1510
1.8972

business_cat: no response 10197 09806  0.8581
1.2118

business_cat: fishing 1.9473 05135 1.2596
3.0107

business_cat: transportation & 09214 1.0853
07757 1.0945

business_cat: forestry 26617 03757  1.8922
3.7442

business_cat: electricity & 0.3582 27917 01948
0.6585

business_cat: manufacturing 06719 14834 05773
0.7819

KSHA 12784 07822  1.2670
1.2899

Civilian 1.0921 09157 1.0787
1.1056

MEL 1.0662 09379  1.0489
1.0839

Concordance= 0.824 (se = 0.002 )

Rsquare= 0292  (max possible= 0.999 )

Likelihood ratio test= 23538 on 15 df, p=0

Wald test = 30571 on 15 df, p=0

Score (logrank) test = 119509 on 15 df, p=0

<Table 5> 25 z, ¢ AF7t H+He & 7M1=
2 AMGGA A BAAAN T e 3
ARl A ARl E B EAdS AE &
o} 2,9 7% hazard ratiot= exp(0.124)=1.13
AAF7E 10 F7ketd A AlEizE A 91
132% F7Hs & 7 ATH9% A3 71k 1129
L1367HA1 ).

The o= g, Alg HEg ¢+ #he 7 ERE A}
FANA 22ATT7 BT E APANE 9 984
2 ANt AE & Utk AR hazard ratio”}
exp (0.0012259) =1.00120] at, 95% A& 7-7Fo] (1.0009,
1.0016)Z A9 19 722 dAdA o5 = Za2AF4
= AdAEE 2 el gle Zo® Helrh

o fdF TolME B, w4, A9 2 dHel
A el vleh AR E B Aol o 21, VIE]
ARF(ARI=]Y), A7) - 7k R AR B Aol
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