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Abstract : Usually risk assessment is performed for the safety of diverse industries though, many kinds of risks cannot be analyzed
effectively by using classical probability models due to lack of experience data and impreciseness of human decision making. For these
reasons, fuzzy risk assessment utilizing subjective judgment and experience of skillful experts has been considered as a solution. In this
study, to comprehend the relationship between conventional fuzzy theory and human conceptual images on risks, linguistic variables
were reviewed with reference to fuzzy membership functions, especially in the Korean language. As interviewees, about a hundred
people including students as well as safety engineers voluntarily participated. The research results showed that most people were in favor
of adjective expressions decorated with adverbs rather than naive expressions such as “high” or “low”, and that directly translated
linguistic variables were not appropriate for the Korean people in risk assessment as far. Therefore, with consideration of the selection
tendency by the Korean people in linguistic variables, it could be concluded that 5 level expressions would be most favorable for

linguistic variables in risk assessments in Korea.
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Table 1. Linguistic descriptions in Englishs)

Descriptor used in mathematical
evaluation technique

Suggested fuzzy
linguistic values

1. Likelihood (of the accident-sequence)
- might well be expected [very likely]
- quite possible [likely]

- unusual but possible [more-or-less likely]
- only remotely possible [unlikely]

- conceivable, but highly unlikely [very very unlikely]

- practically impossible [very unlikely], [impossible]

2. Exposure (to hazardous event)

continuous (many times daily) [very high]

frequently (once a day) [high]

occasionally (one per week or month)  [moderate]

monthly (one per month/year) [more-or-less low]

rare [low]

very rare [very low]

3. Consequences (of the accident)

- catastrophe (extensive damage, over $107,

many fatalities) [extremely high]

- disaster ($10° ~ 107, fatalities) [very high]
- very serious ($10° ~ 10°, a fatalities) ~ [high]

- serious ($10* ~ 10°, serious injury) [medium]
- important ($10° ~ 10*, disability) [more-or-less medium]

- noticeable ($10% ~ 10°, first aid) [low]
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Table 2. Linguistic descriptions in Englishﬂ

Suggested fuzzy linguistic values in Korean (English)
1. “2tA7F5A” (Likelihood)
Aoz Erp

(absolutely high)

<o - Er (very high)
“Erp (high)
“HB (medium)
“grp (low)
- gy (very low)

“HArgo=z vy (absolutely low)
2. “LT—"!":‘ =» (Exposune)

“Augo=z I (absolutely large)

«gj o g (very large)
«zTp (large)

«yE» (medium)
«zrp (small)
o =) (very small)
“719] gitp (almost none)

3. «ZA3e] AZAd” (Consequences)

“HAygo=z I (absolutely large)

“mj o ZT (very large)
«zTp (large)

«RE» (medium)
«zrp (small)
RN (very small)
Al gty (almost none)
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[Question 1] After comprehending the following situation, please assess the
likelihood, severity and risk of an accident by marking v on the linear scales
below.

Situation : A worker is driving a forklift with heaping up pallets highly.
1) Likelihood

@ Mode
0 100
@ Min
0 100
@ Maxi
0 100
2) Severity
@ Mode
0 100
@ WMin
0 100
@ Maxi
0 100
3) Risk
@ Mode
0 100
@© Mini
0 100
@ Maxi
0 100

[Question 2] Please express the likelihood, severity and risk with an adverb out
of the given set (D and an adjective out of the given set (2.

(Ex) slightly high, very large
If there is no proper expression you can use your own one.

@ fully(7+E0]). excessively(Zt5]), extremely(Z G 3]), very(S3]). pretty(H).
somewhat(Th4), exceedingly(TITH3]), extremely(Z 7). severely(CH7), much(3o]),
very(T]$%). seriously(FA]), limitless(FZ17), quite(FX), relatively(3] 2 %),
quite(AFR), considerably(}Z3]), innumerable($:gicl), excessively( ]), realI)("“)
quite(0FZ), slightly(2F7F), roughly(Z3). completely(27% 3]), extraordinarily(¥ 53]
exceedingly(AF-2), fairly(H|E). a little bit(EZ), extremely(X]=3]), the ulmos‘(v_'f”‘)

@ high/low, serious/negligible, large’small, medium

likelihood consequences risk
(high/low) (serious/negligible) (large/small)

Fig. 1. An example of illustration shown to subjects,
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Table 3. Comparison of mean values for a membership function

REEER-E]

cat:sgl(()ry students majoring in safety eng. students majoring in Korean safety engineers

“u] & TP (very large) 62, 79, 91) “uj$- =T} (very large) (73, 85, 94) “thgtd] =P’ (greatly large) (70, 80, 93)

“olF AT (quite large) (58, 74, 88) “Ayg3d] AT}’ (considerably large) (66, 78, 91) “AIH A}’ (fairly large) (66, 76, 89)
“’3738] ATF (considerably large) (59, 71, 93) “mo] AT} (much large) (62, 73, 87) “m-¢- =P (very large) (62, 75, 88)

“ITP (large) (54, 69, 85) “ITF (large) @9, 65, 84) “3ATF (large) (55, 73, 87)

large “¥ AT (pretty large) (48, 66, 80) “A|Y A} (fairly large) (45, 65, 79) “Ay3] =P (considerably large) (60, 70, 85)
“H|2 A TP (comparatively large) (47, 63, 75) “Hj AT’ (pretty large) (43, 64, 79) “Tko] =T}’ (much large) (60, 68, 85)

“Tha AP (somewhat large) (41, 60, 76) “TiA AT} (somewhat large) (40, 56, 70) “F] =T} (pretty large) (47, 60, 74)

“AlWH 2P (fairly large) (42, 60, 75) “B]:LE FT}” (comparatively large) (35, 55, 73) “ThA AT}’ (somewhat large) (43, 58, 72)

“ok7} Ath” (slightly large) (39, 57, 74) “2F7t AT (slightly large) (35, 54, 69) “Zo ALY (a little bit large) (42, 56, 72)

«z22 3P (a little bit large) (38, 57, 73) “ZZ AP (a little bit large) (30, 51, 70) “ok7k Stk (slightly large) (41, 56, 69)
medium “X2Zo|c}’ (medium) (28, 46, 64) “HEo]c}”’ (medium) (32, 47, 63) “XE0|t]” (medium) (32, 48, 65)
“ok7F ZIP” (slightly small) (23, 36, 53) “B|uZ AP (comparatively small) (21, 39, 51) “B]3&] Z}C}” (comparatively small) (27, 38, 53)
“d)a& AP (comparatively small) (10, 29, 42) “2F7F ZFcp (slightly small) (21, 36, 51) “A\H &} (fairly small) (26, 37, 50)

“Th4a ZF)” (somewhat small) (15, 28, 42) “ARE AT} (littlish) (19, 36, 48) “t}A AT} (somewhat small) (23, 33, 46)

“Z AP (a little bit small) (13, 26, 45) “TiA ZTh (somewhat small) (15, 36, 51) “Z& AP (a little bit small) (19, 31, 47)

small “tro] ZFcl (much small) (11, 24, 36) “Al¥ ZcP (fairly small) (11, 32, 42) “2F7k &} (slightly small) (19, 29, 45)
“ZT} (small) (06, 23, 40) “2Z AP (a little bit small) (16, 30, 44) “ZF} (small) (16, 28, 39)

“m Z}” (pretty small) (09, 22, 40) “mj Zc}” (pretty small) (10, 22, 37) “@o] A}’ (much small) (16, 23, 35)
“Ayg35] A} (considerably small) (09, 22, 29) “ZFc}’ (small) (12, 22, 35) “A3] ZFC) (considerably small) (03, 17, 27)

“o}Z= ZItp’ (quite small) 07, 17, 30) “uj-$- ZFcp” (very small) (15, 22, 31) “m) 2} (pretty small) (04, 14, 29)

“o & 2k (very small) (06, 16, 26) “o}% ZT}" (quite small) (09, 16, 27) “HA3] 2T} (extremely small) (00, 07, 10)
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Table 4. Risk membership functions corresponding to voluntary
categorization (five category case, mean=s.d.)

risk students majoring in students majoring in

fet i
ca. safety eng. Korean salely engineers

1 (04406, 15407, 25+10) (04+02, 12404, 20406) (04+07, 13+08, 24+10)

2 (22400, 3008, 43408) (2008, 28408, 37+09) (18+09, 30+11, 41+13)

3 (39407, 51205, 62£08) (3707, 48405, 58+08) (35410, 47409, 59-09)

4 (57207, 6907, 79+08) (58+10, 68+08, 77+08) (54+10, 68+09, 80+08)

5 (76407, 8705, 97+04) (77+11, 85£08, 94+06) (71+11, 84408, 9706)
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Table 5. Risk membership functions corresponding to voluntary
categorization (seven category case, mean+s.d,)

risk
ca.

students majoring in students majoring in
safety eng. Korean

1 (04206, 12407, 19+09)
(16208, 25409, 33+10)
(2909, 38409, 46+10)
(41208, 51405, 61206)
)
)
)

safety engineers

0503, 1007, 17+05) (0303, 0905, 16+07)

16+06, 22+07, 29+08) (14+06, 22+08, 29+10)

28407, 36+08, 44+09) (2708, 35+08, 44+09)

(
(
(
(4107, 50+07, 59:+08) (3909, 48+08, 58+07)

( (5408, 6408, 7208)
(6907, 78206, 86+06) (70£08, 7707, 85:06)
(

(55+08, 64+06, 7207
(67+09, 76+07, 84+07
(8107, 90£05, 9704
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Table 6. Voluntarily suggested meaningful linguistic variables and rankings
(a) students majoring in safety eng.
Rank Category 1 Category 2 Category 3 Category 4 Category 5
an
Linguistic Variable o) Linguistic Variable o)  Linguistic Variable () Linguistic Variable ©0) Linguistic Variable o
o abl % S bl (%) Linguisti abl % o ) % S iable (%)
B T P T IEC-
(enormously small) (slightly small) (medium) (somewhat large) (enormously large)
) ““H—?" Z]"D]-” 1% ss}_:]_;x. Z]'\:]—” 2 u}_% iq_n 16 “uH_?_ i-q_” 2
(very small) (a little bit small) (a little bit large) (very large)
&&.}l%] ;_(]'T;]-” 6 “T;]'__/l\_ Z]'T;]-” 13 “?i}o] ﬂ]—;]_” u/g_%]_%' ﬂ]:]'” 13
(infinitesimally small) (somewhat small) (much large) (considerably large)
S
(quite small) (comparatively small)
(b) students majoring in Korean
Rank Category 1 Category 2 Category 3 Category 4 Category 5
an
Linguistic Variable %  Linguistic Variable = %  Linguistic Variable = %  Linguistic Variable % Linguistic Variable %
1 ol A cwg At o engeld . cxgoan o elg A
(very small) (a little bit small) (medium) (a little bit large) (very large)
2 “EH ;_(]_T;]_” 8 “T;]_i ;5]_]—;]_” 24 u]—;]_i i]—;]_n “)\O]—%%] ﬂ]:]‘” 8
(pretty small) (somewhat small) (somewhat large) (considerably large)
3 “)2}%6_] Z_]_Q_n 8 ssﬂ]ﬂ;s]‘ 2(_]_‘—;]_’, 12 “EH i‘:}” 12
(considerably small) (comparatively small) (pretty large)
RS AT e A ok At
(enormously small) (slightly small) (slightly large)
(c) safety engineers
Rank Category 1 Category 2 Category 3 Category 4 Category 5
an
Linguistic Variable (%) Linguistic Variable (%) Linguistic Variable (%) Linguistic Variable (%)  Linguistic Variable (%)
1 olg AT cebaAn o Bgene “zp s T E
(very small) (slightly small) (medium) (large) (very large)
“%%6—] Z_]_Q_n “E]_—/]\_ 2(_]_‘—;]_’, “‘:]_—/;\_ i‘:}” “:‘16];8_—5—] i‘:}”
2 15 20 25 25
(enormously small) (somewhat small) (somewhat large) (enormously large)
“xpets) 2P 10 «Zp 20 «okz} T “ds) TP 10
(considerably small) (small) (slightly large) (considerably large)
W L= k1) “ n N k1) “ n N k1]
) e o CEE AT s 23 Ay s

(infinitesimally small) (a little bit small)

(a little bit large)

156

Journal of the KOSCS, Vol. 30, No. 4, 2015



5+20{ T x| QlofH4 2 0

1
03 i
0a- B

ok i

2

8 05 7

@ N wxpCpo "HIE O[O g |

g (small) (medium) (large)

£ s =

[}

= 03 -
02 -
o1 i
) ! L L !

o 1 2 3 ¥ G s 7 0 3 10
Risk
(a) Three level categorization
1
sl
ool

0T

2

o ol

2

o o[ category 1 category 5

e}

£ -

[0}

= 03
02l
01

L
0 20 30 40 £0 50 70 80 E 100
Risk
(b) Five level categorization
1
09
oal-

s

=

o osf

2

o U°[ category 1 tegor\i5 category 6 | category 7

e}

€ o4p

[0}

= 03
s
o1l
0 | | .

(c) Seven level categorization

Fig. 3. Suggested membership functions over the categorization
level (students majoring in safety eng.).
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Table 7. Most recommendable linguistic categories for risk
assessment in Korean (five category case)
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