J. Internet Comput. Serv.

ISSN 1598-0170 (Print) / ISSN 2287-1136 (Online)
http://www._jics.or kr

Copyright (© 2024 KSlI

VAl 252 9194 w3E SR = e
Development of Measurement Indicators by Type of Risk of AI Robots

&8 A3
Hyun-kyoung Song

0]
]

of
AFAS 2Rl st PeslAel Bl 214, 7148 BA A2ANAL ALAE A B A7 W F ek o))

AReIA AR AZAS 22 AA, Ae, AL A3H AGHS FAE + U= 132 AE 24 LG A3A%

229 994 498 ZHAE ALE A8l /e A9l oIF, AFA NYelsl 4 WHsdh £H ALY A5 ) ATA%

280 £418 £ 9t ole) Lof FAA asuolAl A EABGOH, By L A 24S 98 G4 LR AP

B4, W0 ANS A% AR BAS OF 098N 5 5 A5k o) ERIA AN 24487 BEsE A4S

289 NEAZF %A Fol de) el ARHoR FANT AT ATAS 2 sl 24l 1F Ao B
o FAe] L ABAF 2R, AFAF 2R N84 39 BY, QA 2R SPAE QA5 299, 2% &9

ABSTRACT

Ethical and technical problems are becoming serious as the industrialization of arfificial inteligence robots becomes active, research
on risk is insufficient. In this situation, the researcher developed 52 verified indicators that can measure the body, rights, property, and
social risk of artificial inteligence robofs. In order to develop measurement indicators for each type of risk of artificial infeligence robots,
11 experts were interviewed in-depth after IRB deliberation. IIn addition, 328 workers in various fields where arfificial intelligence robots
can be infroduced were surveyed to verify their fieldwork, and statistical verification such as exploratory factor analysis, reliability
analysis, correlation analysis, and multiple regression analysis was verifyed to measure validity and reliability. It is expected that the
measurement indicators presented in this paper will be widely used in the development, cerfification, education, and policies of
standardized artificial intelligence robots, and become the cornerstone of the industridlization of artificial inteligence robots that are
socially sympathetic and safe.
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(Table 5) Demographic characteristics of field verification
survey participants

T BIT(Y) | FAHIE(%) | T8 HIZ(%)
o 226 68.90 68.90
e o 102 31.10 100
2 328 100 100
20 ~ 294 | 28 8.54 8.54
30 ~ 394 | 80 24.39 32.93
oz |40 ~ 49MI| 133 40.55 73.48
== |50 ~ 594 | 65 19.82 93.30
60 Ol | 22 6.71 100
270 328 100 100
STHIA 03 31.40 31.40
g;zok% 97 29,57 60.97
X|od H=-7|=-
s= “g, AJ,';,E 58 17.68 78.65
Reiel
e 54 16.46 95.11
=-0fe 16 4.89 100
27 328 100 100
1-64 | 53 16.16 16.16
5~ 104 | 63 19.21 36.37
10~ 16| 50 16.24 50.61
iy |15~ 20d] 61 18.60 69.21
ST 20~ 251 |60 18.29 87.50
25~ 304 | 25 7.62 95.12
30 ol | 16 4.88 100
27 328 100 100
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(Table 7) Exploratory factor analysis and reliability
analysis of physical risk types for the

body
ey | AN ooy e g cas | B

judg | abno D* |a*
judg | 839 | 235 | 759 931
judgb | 799 | 284 | 703 933
judgd | 788 | 235 | 677 93
judg? | 776 | 404 | 766 929
judes | 773 | aap | 717 ] 2904 | 37096 1 gs,0] 40
judg7 | 771 | 339 | 710 932
judgl | 765 | 325 | 691 933
judg3 | 723 | 367 | 657 935
abnob | 269 | 830 | 643 901
abnod | 239 | 811 | 714 907
abno2 | 303 | 803 | 737 904
abnol | 268 | 787 | 691 |4.879|69.624| 908 |.920
abnob | 319 | 736 | 643 909
abno7 | 345 | 720 | 637 909
abno3 | 430 | 629 | 581 914

*D. : Alpha if Item Deleted, **a : Cronbach a
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(Table 8) Validation results from KMO and Bartlett
of risk types for human rights

9

(F 6) 2lAof et 221X M Rl KMO ¥ EZHM MEMo| Kaiser-Meyer-Olkin S .949
Bartlette| #& 2t SN 3867.424
(Table 6) Validation results from KMO and Bartlett Bartlette| T4 PPy 105
; ; A= =
of the type of physical risk to the body copiE 0.000
E=YM MEMO| Kaiser-Meyer-Olkin £ .944
- AL FH0|MIE 3867.978
Sare e T s 105 Q7 Al B AW 39 B 2w 9
- OIS 0.000 NIE BAAFE 08 E 99 2ok Q7 Agle) hi
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(Table 9) Exploratory factor analysis and reliability
analysis of risk types for human rights

~ 29| Hrjzt - I% | = e
BT Tdist disc| =00 | & | TF [ D [
distb |.762|.310|.261| .739 .895

dist2 |.741|.301|.337| .754 .887

distd |.741|.358|.347| .797 |3.742| 24.949 | 878 |.910
dist1 |.711].265|.372| .714 .89%4

dist3 |.642|.331|.396| .678 .895

infr3 |.244|.838|.241| .819 .896

infr2 |.295|.817|.253| .818 .895

infr1 |.280.808|.252| .795 |[3.732| 49.831 | .898 |.919
infro | .444|.672|.302| .739 .899

infrd |.455|.b63|.376| .666 912

disc2 |.327(.208|.777| .755 .866

disc3 [.260(.171|.735| .636 .884
discb [.293(.380|.707| .730 |3.565| 73.598 | .856 |.888
disc1 [.270|.415|.676| .702 .862

discd |.428.243|.674| .697 .869

*D. : Alpha if Item Deleted, **a : Cronbach a
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Row, BEYA A4 SE 2 TR A% FAE
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(Table 10) Validation results from KMO and Bartlett
of the types of risk of property loss

E=YM MEM| Kaiser-Meyer-Olkin £ .952
_ AL FH0lmIE 4976.460
Bartlette| T84 =
A= T 153
ToHE 0.000

(E 11) XA &A1 o8N K35o| EFMA Qo|EA i

=]
= Ho [=} =R e B S ey |

s

Az 2420

(Table 11) Exploratory Factor Analysis and Reliability
Analysis of Property Loss Risk Types

N 20| HMxjzt . % | e Alz|z
e deci | malf | capt 88 % THE D* |a*
deci3 |.805|.257|.117| .728 925
deci4 |.782|.324|.189| .752 921
deci2 |.725|.320|.370| .765 919
decil |.723|.255|.334| .700 |4.783| 26.571 | .924 |.932
deci6 |.717|.282|.326| .699 923
deci7 |.708.289|.361| .715 922
decib |.678.376|.336| .713 921
malf4 |.317|.780(.289| .793 905
malf3 |.308|.749|.268| .727 9M
malf2 |.329|.738(.290 | .737 910
malfb |.327|.728|.324| .742 4.334) 50649 909 924
malfé |.334|.689|.378| .729 910
malf1 |.280|.680(.320 | .644 919
capt1 |.271|.289(.780| .766 .900
captd |.274|.363|.767| .796 897
captb |.285|.303(.763| .756 |4.116| 73.513 | .904 |.920
capt3 |.285|.264(.749| .712 9M
capt?2 |.298|.364(.733| .759 1901

*D. : Alpha if Item Deleted, **a : Cronbach a

AR 9 79 A Ade £ 129 2o,
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(F12) A=A 28 8ol KMO ¥ Bartlette| 245 2}
(Table 12) Results of KMO and Bartlett’s verification
of social risk types

ETYM MEMO| Kaiser-Meyer-Olkin £ .947
AL 70| MIE 5431.067
Bartlette| T84A =
2= AT 136
Solgis 0.000

2024. 8



(E 13) A=A 2IEYN 73l BN Q0IEAM gl MZ|E
HMzin}
|__|E

(Table 13) Exploratory factor analysis and reliability

analysis of social risk types

N 20! Hzjet o IF | s Alz|z
E stop | data | misc e84 2 THE D* |a*
stopd |.814|.283(.229| .795 1940
stop2 |.809|.300(.271| .818 939
stopb |.796|.271(.300| .797 940
stop1 |.786|.331|.268| .793 |5.366| 31.565 | .941 949
stop7 |.768|.294|.268| .748 943 |
stop3 |.743|.265(.310| .714 .945
stop6 |.743|.299(.289| .724 944
misch |.336(.786|.309| .826 904
misc2 |.328(.763|.373| .829 901
misc1 |.328(.752|.307| .766 |3.929| b4.679 | .916 |.927
misc4d | .373(.730|.294| .758 913
misc3 |.322|.662|.403| .704 919
data? |.306|.336(.800| .847 .887
data3 |.263|.273(.790| .768 908
datad |.305|.299(.781| .793 |3.791| 76.978 | .896 |.919
datab |.411|.382(.636| .719 904
datal |.330|.420|.634| .687 907

*D. : Alpha if Item Deleted, **a : Cronbach a
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(E 16) 7kl Zloll Chet 2By Rl Mnes 2}
(Table 15) Correlation of Risk Types on Human
Rights Results

R e A
EiE = B T dist | dise
infr 40232 | 77370 | 1
dist 471567 | 71005 |.763%| 1
disc 42018 | 83022 | 717|781 1
AR 0.01 22 (220l SolEt,
H -)S*a %?-ﬂ/‘é F3o 299 AAAAE Y

capt@r malf2] ’2}47&71]—‘5
deci< 0.707¢] f-<]w] 3t
ABBAE 07502 RE
RS

J4TE VEREY, captot
2|2 VERS T malf¥ deci®]
Rle] AHAA T FrofwlaiA

(E 16) XA 241 ol3iA S3jo| AlppEiM Zim}

(Table 16) Correlation Analysis Results of Property
Loss Risk Types

B4 T

FEA

kH

capt | malf | deci
capt 4.2640 .66649 1
malf 4.2571 64381 | 747 | 1
deci 4.1655 70198 |.707**|.750""| 1

 AIAleE 0.01 $E(Y2) oM FolFCt,

ASH 84 F3) 2o Au BAARE
thel E 173 2t

(ZE17) MBI ey 7o 42EM 21

(Table 17) Correlation Analysis Results of Types

of Social Risk
(Table 14) Correlation analysis of the types of A
ical ri EE ¥@ | EFEX .
physical risks to the body A f T e p—
Pl
e 7 FxA cJ._"71.| data 4.1628 71640 1
abno judg misc 4.1506 74218 |.788** 1

abno 4.2282 60634 1 stop 4.3184 69385 |.721"*|.740""| 1
judg 4.0998 71992 B91** 1 O AIAIE 0.01 $E(YF) oM FelEhct

4EEE 0.01 $FE(LF)IM FolFIE

el

b= QlEIUl HE s3] (25743)
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(E 18) Alxfof| Chist 22/A M FEe| ClEs|7 240}
(Table 18) Multiple-term analysis of the type of
physical risk to the body

BE | HE 7o | SAt

AHIA = A L

LS | SRS %t | @)z téx = 37
g .027 1.872 | .062

abno1 .008 | .241 |24.004|.000"" | .405
abno?2 .009 | .154 |14.184|.000*" | .347
abno3 .008 | .223 |23.954|.000" | .471
abno abno4 .008 | .210 |20.177{.000" | .378
abnob .009 | .175 |15.756|.000"" | .330
abno6 .008 | .199 |19.799| .000*" | .406

R = .993a, R®= 987, ™= R = 987
F = 4025847, p = .000"* Durbin-Watson = 1.833

Al 032 1.406 | .161
judgl | .011 | .211 [17.130|.000** | .374
judg2 | .012 | .200 [14.575|.000** | .302
judg3 | .010 | .169 |14.530|.000** | .420
judg judgd | .009 | .219 [19.534|.000** | .453
judgs | .010 | .208 [17.187|.000**| .390
judg7 | .011 | .167 [13.301/.000** | .363

R = .997a, R?=.982, <X= R = .981
= 2872916, p = .000", Durbin-Watson = 1.912

(F 19) QRte| Helof| st /I8N 7ol CiEsl 2A1znt
(Table 19) Results of multi-session analysis of
risk types for human rights

EAHA EalgA E‘i_ H‘”E}' L 'IC'I"2 _g_il'
o—|H|_1'I' ﬁ%tlnj'l' le_ (B)ﬁk ek 5—']’% 5,_"71”
i .031 2.476 | .014

infr1 011 | .278 |22.587|.000** | .355

infr2 .010 | .345 |27.587|.000** | .345

infr infr4 .010 | .267 |24.152|.000** | .442
infrb 011 | .245 [19.716| .000** | .350

R =.991a, R®=.983 <H=ER = .982

F = 4561581, p =.000"* Durbin-Watson = 1.841
A .038 1.812| .071
dist1 .012 | .283 |20.635|.000** | .433
dist2 .013 | .262 |17.942| .000** | .383

dist dist3 012 | .280 [20.272|.000** | .427
dist4 .014 | .304 |19.461|.000** | .334

R =.987a, R*= 974, $H=R = 973

F =2980.427, p = .000**, Durbin-Watson = 1.908
A .038 1.968 | .050
disc1 010 | .326 [24.997|.000*" | .467
disc2 012 | .245 [17.526|.000*" | .405

disc disc3 .009 | .301 |26.250|.000** | .604
discb 012 | .305 |22.654|.000*" | .438

R =.987a, R*= 974, ZM™=ER = 974

F = 3070575, p =.000"* Durbin-Watson = 1.967

*p<0.06 **p(0.01

AAA A3l ] infr W ZF A-F-o)AF HE 9 dist R
98 AqujAy B A9 disc W 7 o 37
2N Az 49 R2<>1 0.982, 0973, 0.974Z 3|72
3 ° 2 Ytk
Durbin-Watson %Au 20 717H9) Ao 594 % g9
HAh S5 BAEA F EAY §23E p ftol
000022 3742 felstrts A77hde] e =g,
Ak &4 h4 89 Ehrﬂ?] FAAIE o
3 205} 2t

(F 20) ®irt =4 28N 7ol Ci53# 24940}
(Table 20) Results of multi-session analysis of

3 2 F, 25 o) 4ke] abno W4 7F 2 217+ 3R property loss risk types
A9 judg M 2F o IARA A3, FgE RO A NESEE fol | A
B Sl ox gt 2= =
0987, 09812 3|74 AW £ A0 Ve =4 | )k HE | e
Durbin-Watson ZE% 20 717+ 2kxpe] EHA L ﬂf‘,/; iy 058 1434 1 153
TR captl | .012 | .276 [20.034|.000%* | .342
HArh FEHHF] FAHEA F 3AE s p ol capt2 | .012 | .294 |22.440| .000** | .377
000022 3]AAL gosltt= A7l e =k capt capt3 | .011 | .256 |20.784|.000** | .427
C\)_]Z_" :ﬂaoﬂ EH‘:} ]Eﬁ‘)‘g %09] U}Wﬁl:ﬂ %@'7&—,5 captd .012 | .296 |21.254|.000** | .334
5 199} 7t R=.989a, R =.979, &R = 979
F =3778.046, p = .000**, Durbin-Watson = 1.962
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ETWIN ~ | E= | HEt So| | ZAt
L | SEEE ot | @)zt tax g2 |
A .030 218 | .828
malf 1 .008 | .233 |22.892|.000** | .451
malf2 .010 | .231 |21.028].000** | .387
malf malf3 .010 | .209 |17.979| .000** | .345

malf4 .010 | .257 |21.694|.000** | .333
malf6 .010 | .227 |20.418|.000** | .379
R =.992a, R*= 985 M= R = 985
F =4209.241, p = .000**, Durbin-Watson = 1.929
Cin .024 2.880 | .004

= [=Xe} ks
saws | saee | o0 | M@ | B
(&) .033 3.083 | .002
stop1 .012 | .220 |14.687|.000** | .248
stop?2 .013 | .262 |18.405|.000** | .276
stop stop3 .010 | .250 |21.000{.000** | .396
stop4 .013 | .181 |12.235|.000** | .255
stop?/ .012 | .205 |15.687|.000** | .328
R =.991, R*=.982, <$XN=R = .982
F =3509.446, p = .000**, Durbin-Watson = 1.907

decil .007 | .201 |22.513|.000** | .384
deci2 .009 | .198 |20.325|.000** | .321
deci3 .007 | .188 21.823|.000** | .411
deci deci4 .008 | .200 |21.615|.000** | .358
decib 008 | .184 [19.497|.000*" | .344
deci6 .008 | .201 |22.816|.000"* | .393
R = .99%a, R = .990, #FH= R = .990
F =5402.944, p = .000"* Durbin-Watson = 1.970
*p<0.06 **p(0.01

AH AY-EF malf, 7|4 2% 2252 malf,
A2 oA} AA Y] deci WS 7 T 3R A,
¥ R?0] 0979, 0985, 0.990°. 2 3|74 dge
=& R0 2 YERYTE Durbin -Watson % 291 71719
2] SHAE YU

TEATFY B2HEA F EAE F98E p %kl 0.000
o2 IS fe S}D}: A-F7Hd o] A E ATk AL A

F= % 217 72k

(F 21) AEIA 218N 7ol sl 2A4dnt
(Table 21) Results of multi-term analysis of social

risk types
EZ | HlEt 7o | 3At
ZAH{ =TS = 1 T S
oS=adT =edT 9j|- (B)ﬂ tg/\ é!‘% 3._"7'-”
(&) .033 004 | 997

datal .011 | .270 |22.376|.000** | .406

data2 .014 | .284 119.138.000** | .268

data data3 .010 | .295 |24.513|.000** | .410
datab .010 | .284 |23.899|.000** | .420

R =.990a, R*= 981, A= R = 981

F =4133713, p =.000**, Durbin-Watson = 1.948
(A=) .027 2.262 | .024
misc1 .009 | .338 |31.961|.000* | .361
misc2 .012 | .219 |16.559| .000** | .231

misc misc3 .009 | .296 |27.637|.000** | .353
misc4 .009 | .277 |26.996|.000** | .384

R =.993a, R*= 987, <H= R = 987

F =6092.839, p =.000** Durbin-Watson = 1.900

*p(0.06 **p(0.01

dlole] #7419 data, HF W ©F9) misc, EE2A A
A9 stop W ZF U AR A, $AHE RO
0.981, 0.987, 0.982% 3| AA] AHE L £ 0= 4
E}tth Durbin-Watson FHe= 200 7M7b& A2 JEhY
ZAre] YR FYEQth FE5H o] EaEA F 54
2o SE p 7o) 0.00022 374> =

7Fde] A=Ak AT 7H 29 A AES 93 9EA
+94 5 7t BHAsE & 229 2k

(F 22) 23N Rd &5 7t ci5sl7 2440}
(Table 22) Results of multi-session analysis between
items by risk type

F= | HE So [ =X
zaws | sHee | ot (t;');k O i
(&) .024 .165 | .869
abno .008 | .607 |66.367|.000"* | .522
Body judg .007 | .5674 |75.171|.000** | .522
R = .99a, R?*=.990, FX™=R = .990
= 16231.850, p =.000", Durbin-Watson = 1.973
(&) .023 -.170 | .865
infr .007 | .391 |47.095| .000** | .381
Right dist .008 | .354 |38.174|.000** | .305
disc .009 | .345 |40.170|.000** | .354
R =.9%a, R =.992 FH=R = .991
F =126298%, p =.000" Durbin\Watson = 1.928
(A=) .018 1.434 | .152
capt .006 | .281 |43.365|.000*" | .392
Pro malf .007 | .362 |50.893|.000*" | .344
perty deci 006 | .464 |71.466|.000*" | .389
R =.997a, R®=.995 $XN= R = 995
F =20183483, p =.000", DurbinWatson = 1.911
(&) .021 -.392 | .69
data .008 | .324 |38.821|.000** | .337
Social misc .008 | .351 |40.940|.000** | .318
stop .007 | .416 |54.559|.000** | .402
R =.9%a, R =.992, $H=EAR = .992
F =14111.029, p = .000", Durbin\Watson = 1.903

*p (0.056 *.p(0.01

ror

= Qe FESt3| (25742)
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(Figure 2) A metric model of the type of physical
risk to the body
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(Figure 3) A metric model of the type of risk for
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