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Abstract The purpose of this study is to develop and validate a scale to measure the ethical awareness
of users who accept artificial intelligence technology or service. To this end, the constructs and
properties of Al ethics were identified through literature analysis on AI ethics. Reliability and validity
were assessed through a preliminary survey(N=273), after conducting an open—type survey to men and
women(N=133) in 10s to 70s nationwide, extracting the first questions, and reviewing them by experts.
The results of an online survey conducted on men and women(N=500) were refined by confirmatory
factor analysis. Finally, an Al technology ethics scale was developed. The Al technology ethics
awareness scale was developed with 16 questions in total of 4 factors (transparency, safety, fairness,
accountability) so that general awareness of ethics related to AI technology can be measured by
detailed factors. In addition, through follow—up research, it will be possible to reveal the relationship
with measurement variables in various fields by using the ethical awareness scale of artificial

intelligence technology.
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Table 1. Selected Al Ethical Awareness Categories
VSelected Ethlcall Attributes
Awareness Categories
Transparency Transparency, explainability, explicability,
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Table 2. Open Questionnaire Items

No. Items

Artificial intelligence connects () and ( ).

When you think of artificial intelligence, ( ) comes to mind first.

Artificial intelligence I know makes ( ) possible.

e o | =

What artificial intelligence can make our lives easier.

o

Write freely about what you know about artificial intelligence.

What do you know about artificial intelligence technology.

What products use artificial intelligence.

What are the intangible services that use artificial intelligence?

©|lw ||l

Should the Al development process be open to users.

10 |If it should be made public, how should it be made public.

Should the application process of artificial intelligence technology

u be fair.

12 |How to be fair if it should be fair?

What makes artificial intelligence technology uncomfortable or a

13
threat to us.

Who is responsible for the development and use of artificial

1 intelligence technology.

What parts should users be protected when applying artificial
intelligence technology.

16 |Gender
17 |Age

18 |Occupation
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Table 3. Experts Review of the Open Questionnaire

Major Qualification Affiliation

wkx[nstitute of Science &
Ph. D. Technology
Senior Researcher

Computer Science/
Machine Learning
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Al Development

wekJniversity
Lecturer
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Table 4. Preliminary Questions
No. Items
1 |Users should be able to know the Al development process.
2 | The types of personal information collected by artificial intelligence should be disclosed.
3 |The areas where Al is used need to be made public.
4 |Users need to know what Al features are used in the product.
5 |The Al development process and results are intellectual property and do not need to be disclosed.
6 |Guidelines for transparency in Al development and use should be promoted.
7 |There is a need for a clear concept of transparency in the development and use of AL
8 |Transparency in Al development and use should be searchable by users.
9 |There is a need for an open discussion on the transparency of Al development and use.
10 In order to secure transparency in the development and use of artificial intelligence, it is necessary to promote the concept through news,
portal sites, and SNS.
11 |A manual on the transparency of Al development and use should be created.
12 |Gender discrimination should be considered when using Al technology.
13 |Age discrimination should be considered when using Al technology.
14 |Racial discrimination should be considered when using Al technology.
15 |Judgment should be considered in terms of human rights when using artificial intelligence technology.
16 |Cultural differences should be considered when using Al technology.
17 |When using artificial intelligence technology, the weak should be considered.
18 |Consideration should be given to illegal activities when using artificial intelligence technology.
19 |There should be no users at a disadvantage when using artificial intelligence technology.
20 |When using artificial intelligence technology, there must be no malicious development intention.
21 |There must be no infringement of intellectual property rights when using artificial intelligence technology.
22 |When using artificial intelligence technology, institutional support for securing fairness should be considered.
23 |1 felt that artificial intelligence technology is being used fairly.
24 |When using artificial intelligence technology, users may be exposed to harmful content on the Internet and SNS.
25 |Personal information leakage or invasion of privacy may occur when using artificial intelligence technology.
26 |Artificial intelligence technology feels safe.
27 |Jobs may be lost due to artificial intelligence technology, and labor rights may be infringed.
28 |Users may feel threatened about the change of life caused by artificial intelligence technology.
29 |Repression of power using artificial intelligence technology may appear.
30 |The ownership of Al technology should not be biased towards a specific class or group.
31 |There are insufficient laws and systems to support changes caused by artificial intelligence technology.
32 |Artificial intelligence technology could be used to develop weapons.
33 |Artificial intelligence technology could be used in crime.
34 |Artificial intelligence technology can be used in cyberbullying.
35 |There is a possibility of malfunction or hacking of artificial intelligence technology.
36 |Personal information should be protected when developing and using artificial intelligence technology.
37 |When developing and utilizing artificial intelligence technology, it is necessary to respond to the needs of users.
38 |Gender, age, and racial discrimination should be prevented when developing and using artificial intelligence technology.
39 |Intellectual property rights should be protected when developing and utilizing artificial intelligence technology.
40 |The legal responsibility for the development and use of artificial intelligence technology should be clearly defined.
41 |It is the government's responsibility to establish laws and systems for the development and use of artificial intelligence technology.
42 |The responsibility for accidents caused by artificial intelligence technology lies with the developer (company).
43 |Responsibility for accidents caused by artificial intelligence technology rests with the government (competent agencies and departments).
44 |Users are responsible for accidents caused by artificial intelligence technology.
45 |Problems related to the use of Al technologies are the responsibility of developers, users, and governments all at the same time.




Table 5. Selected Interim Questions

Selected Ethical
Awareness
Categories

No.

Items

The areas where Al is used need to be made public.

Users need to know what Al features are used in the product.

Guidelines for transparency in Al development and use should be promoted.

There is a need for a clear concept of transparency in the development and use of AL

Transparency

Transparency in Al development and use should be searchable by users.

© |0 || = |

There is a need for an open discussion on the transparency of Al development and use.

In order to secure transparency in the development and use of artificial intelligence, it is necessary to promote the concept|
through news, portal sites, and SNS.

A manual on the transparency of Al development and use should be created.

Gender discrimination should be considered when using Al technology.

Age discrimination should be considered when using Al technology.

Fairness

Racial discrimination should be considered when using Al technology.

15

Judgment should be considered in terms of human rights when using artificial intelligence technology.

16

Cultural differences should be considered when using Al technology.

24

When using artificial intelligence technology, users may be exposed to harmful content on the Internet and SNS.

25

Personal information leakage or invasion of privacy may occur when using artificial intelligence technology.

Safety

Jobs may be lost due to artificial intelligence technology, and labor rights may be infringed.

Users may feel threatened about the change of life caused by artificial intelligence technology.

Repression of power using artificial intelligence technology may appear.

Personal information should be protected when developing and using artificial intelligence technology.

37 |When developing and utilizing artificial intelligence technology, it is necessary to respond to the needs of users.

22 |When using artificial intelligence technology, institutional support for securing fairness should be considered.

39 |Intellectual property rights should be protected when developing and utilizing artificial intelligence technology.

Responsibility

40 |The legal responsibility for the development and use of artificial intelligence technology should be clearly defined.

18 |Consideration should be given to illegal activities when using artificial intelligence technology.

19 |There should be no users at a disadvantage when using artificial intelligence technology.

20 |When using artificial intelligence technology, there must be no malicious development intention.

S AN g Qo RA] Ayl FEAT Q914 Table 6. The Results of Exploratory Factor Analysis
Algke] 40 o]l &S gk Ao R Fhdste] 40 Factors ]
N (Reliability: Item Factor | Commun | Total Cumulative
oJst& YERGAY 7 7] ode] 8lolA] 40 o] & Cronbach’%v(;) No. | Loading | ality |Variance| Variance
AFAFS ekl 73 167015 2HAlski o) 10 | 750 | 585
_ } 8 742 577
A5, 9le) R34 Foll T3 7o) AR e o [ | 5w
HESI A7 20 ol3t= YERAY 3 7F & Transparency | 6 720 S67 | yg161 | 18161
2] O 0 ILa- = Al =lod (.866) 7 684 541
A]’ oo] UHT T LW 37H'é‘ _'Z-] OI'ME]'. 1 673 597
oAl A 7|EEAIEA], B Q1R W AJFEA 3 620 | Al5
I o = . 4 609 426
ANE AES & LS GAlste] F 47 8%l 2% 12 | 842 733
H 26go] A} AE Fgo R EEF o Fake] Fairness 14 824 705 - ‘
e o (79 13 755 596 | 16.536 |  34.697
AEEe BE 8RlolA 70 oo g A3t (Table : 16 | 606 | .52
5, Table 6) 15 545 552
28 821 674
29 700 530
4.4 394 BA Az} ?a;ze;‘) 27 | 648 | 426 | 10725 | 45423
L ‘ 25 | 567 | 448
> 24 556 405
441 AL Az
s At 20 | 791 | 6%
A} Asjel we} S, A, A, A4 0 | s | o
s o . 39 760 609
o 54 5ol gk =14 291w (Confirmatory Responsivlty | 36| 709 | 509 | |
- - ° N . B 54.
Factor Analysis)[23]& AAIgte] HEH o2 AL 4 (.877) 22 | .69 606
) . } ] _ 19 658 AT75
Astal QRIRES EEale] APEE AT A= o 18 | 643 | 471
o3} 7} 37 598 427
i} _ ‘ KMO & Bartlett Test .851, y*= 6231.060, df=325, p=.000
A7), 12 Q84 step 104 &3] @014 A%
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(factor loading)®] .60 ©]3}2l
(Table 7, Fig. 2), 8214 @
%489, 16832 A% =
12, Fig. 3).

A, A 7E &84 914 A=
e AAsle] APFLE ATtk =Y
ek X4 ol

RMSEA(root mean square error of approximation),

A
o
2
=
ﬁ
jo8)
o
&
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ﬁ
jo8)
o
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v
]
4r o
%0,
(o
o o-
o
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ot
K-
X
i ¢

CFI(comparative fit index), IFI(incremental fit
index) & B3 2 AYRT A5,

¥ EE Ht () L BEY AFE(dp)ol=
2 3E dfy o2 U] B30 ARLE g

Sl tH(formula 2).
= [formula 2]

207, T 4w A T oixxd A5 CFI #%
S 29 FAo g =5kt (formula 3).
Maz (x5~ dfr0)

CFI=1=—— o a7 [formula 3]

dfy: ARG AHE
dfyr: AFA AR A=

so1d 9olRA wale] Agni= (y2=351.079,
df =98, CMIN/df=3.582, RMSEA=0.072,
IF1=.928, CFI=.928) %433 oz FFt}
(Table 8). 821 EXo] w2 A& HA=EAS
o} frolx= A= Table 99 2t}

4.4.2 et A

Table 7. Al Ethical Awareness Fit Index for Step 1

HE AAH A T7E S #1o] F9EL
Tt HEElTEE AT A I

AA, JATAS71E Tl 12 A THEF
gelslz] sl B A E = (Construct Reliability) 2}
B 225 24 AAERIFE 7, erd
A, A e xEskE AL 19] 3%

B, 1345714 K24 A4
A% 99 B

S|
= 817, 88 AFE+ F

A2 791, A4 852= Al

Uehgozn BE FEol

s g Ao,

o
fu
gk

o
ﬂ
32

(AVE)7} B5F 50 o] 4H{11,12] 0= veh}

%
A57% 24 A Hwe] el 2ge

Absolute Fit Index

Incremental Fit Index

Model 2
ode X af CMIN/df RMSEA IFI CFI
Al Ethical Awareness 1716.244 293 5.857 .094 776 773
acceptance level ~ - -
(significance probability) p=.001 =.08 =9 =9
Table 8. Al Ethical Awareness Fit Index for Step 2
Absolute Fit Index Incremental Fit Index
Model 2
ode X df CMIN/dI RMSEA IFI CFI
Al Ethical Awareness 351.079 98 3.582 072 1928 1927
acceptance level p<.001 <08 >9 >9

(significance probability)
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Table 9. Final Results of Confirmatory Factor Analysis Table 10. Convergent Validity of Confirmatory Factor Analysis
" ltem Standard%zed Unstandarf:lized ltem Standard%zed Standard | Contruct :
odel No. Regrgsswn Regrgsswn C.R. Model No. Regrgsswn Error Reliability AVE
Weights Weights Weights ¥
ind 6 730 1.08 14.475™ 6 .730 .075
e 7 755 1.056 14.895™ 7 .755 071
- 8 703 1.109 14.001™ 8 .703 .079
Transparency N s 672 1230 13,449 Transparency 9 672 095 .859 .504
—| 10 701 1.175 13.964™ 10 701 .084
—| 11 .696 1.000 1.000™ 11 .696
—| 12 913 1.052 17.406™ 12 913 .060
Fairness —| 13 677 713 15.371"" Fairness 13 677 .046 841 641
—| 14 794 1.000 1.000™ 14 794
—| 24 764 1.000 1.000™ 24 764
Salety | L [Tg5 859 1.214 9.403" Safety 755 859 129 S
—| 37 670 1923 14,176™ 37 .670 .065
—| 39 .800 1.102 16.882™" 39 .800 .065
Responsibility| —| 40 .820 1.104 17.269™ Responsibility| 40 .820 .064 .857 548
—| 20 657 .833 13.889™ 20 .657 .060
—| 22 738 1.000 1.000™ 22 738
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Table 11. Al Ethical Awareness Scale: Coefficient of Determination and AVE
Factors Transparency Fairness Safety Responsibility AVE
Transparency 1 504
Fairness .032 1 641
Safety .075 034 1 661
Responsibility 189 .006 .109 1 548
Table 12. Finalized Scale of Al Ethical Awareness
Selected Ethical
Awareness No. Items
Categories
6 |Guidelines for transparency in Al development and use should be promoted.
7 |There is a need for a clear concept of transparency in the development and use of AL
8 |Transparency in Al development and use should be searchable by users.
Transparency 9 |There is a need for an open discussion on the transparency of Al development and use.
10 In order to secure transparency in the development and use of artificial intelligence, it is necessary to promote the concept|
through news, portal sites, and SNS.
11 |A manual on the transparency of Al development and use should be created.
12 |Gender discrimination should be considered when using Al technology.
Fairness 13 |Age discrimination should be considered when using Al technology.
14 |Racial discrimination should be considered when using Al technology.
Safety 24 |When using artificial intelligence technology, users may be exposed to harmful content on the Internet and SNS.
° 25 |Personal information leakage or invasion of privacy may occur when using artificial intelligence technology.
37 |When developing and utilizing artificial intelligence technology, it is necessary to respond to the needs of users.
39 |Intellectual property rights should be protected when developing and utilizing artificial intelligence technology.
Responsibility | 40 |The legal responsibility for the development and use of artificial intelligence technology should be clearly defined.
20 |When using artificial intelligence technology, there must be no malicious development intention.
22 |When using artificial intelligence technology, institutional support for securing fairness should be considered.

Table 13. Al Ethical Awareness Reliability

Categories | No. Communality | Mean Stan‘dalra<1 Cronbach’s «
Deviation
1 Guidelines for transparency in Al development and use should be 600 4128 6637
promoted.
9 There is a need for a clear concept of transparency in the 617 1158 6276
development and use of AL
3 Transparency in Al development and use should be searchable by 569 4072 7077
users.
S y i i i ; .855
Transparency 4 There is a need for an open discussion on the transparency of Al 597 3.780 8538 59
development and use.
In order to secure transparency in the development and use of
5 |artificial intelligence, it is necessary to promote the concept through .606 3.960 .7514
news, portal sites, and SNS.
6 A manual on the transparency of Al development and use should be 548 4209 6442
created.
7 Gender discrimination should be considered when using Al 398 3.052 1.9979
Fai technology. 45
arness 8 |Age discrimination should be considered when using Al technology. 653 3.660 1.1863 :
9 |Racial discrimination should be considered when using Al technology. 770 2.906 1.4189
10 When using artificial intelligence technology, users may be exposed 399 3.870 7418
Safet to harmful content on the Internet and SNS. 701
o y .
- Personal information leakage or invasion of privacy may occur when .
11 . e . 819 4.036 .8000
using artificial intelligence technology.
12 When developing and utilizing artificial intelligence technology, it is 540 4971 6476
necessary to respond to the needs of users.
13 Ianllectual property rlghts should be protected when developing and 716 4359 6480
utilizing artificial intelligence technology.
S The legal responsibility for the development and use of artificial . .
Spons y . . ? . . X 6335 .852
Responsibility| 14 intelligence technology should be clearly defined. 748 4.426 6335 ”
15 Vﬂl@ using artificial m‘telhgelnce technology, there must be no 611 1637 5038
malicious development intention.
16 Vﬂlenl usmg artificial intelligence Fechnology, institutional support for 696 4410 6377
securing fairness should be considered.
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