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Purpose To survey the perception, knowledge, wishes, and expectations of Korean radiology
residents regarding artificial intelligence (Al) in radiology.

Materials and Methods From June 4th to Tth, 2019, questionnaires comprising 19 questions
related to Al were distributed to 113 radiology residents. Results were analyzed based on fac-
tors such as the year of residency and location and number of beds of the hospital.

Results A total of 101 (89.4%) residents filled out the questionnaire. Fifty (49.5%) respondents
had studied Al harder than the average while 68 (67.3%) had a similar or higher understanding
of Al than the average. In addition, the self-evaluation and knowledge level of Al were signifi-
cantly higher for radiology residents at hospitals located in Seoul and Gyeonggi-do compared
to radiology residents at hospitals located in other regions. Furthermore, the self-evaluation
and knowledge level of Al were significantly lower in junior residents than in residents in the
4th year of training. Of the 101 respondents, only 16 (15.8%) had experiences in Al-related study
while 91 (90%) were willing to participate in Al-related study in the future.

Conclusion Organizational efforts through a radiology society would be needed to meet the
need of radiology trainees for Al education and to promote the role of radiologists more ade-
quately in the era of medical Al.
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Table 1. Baseline Characteristics of Respondents

Questions Answers Respondents (n) Respondents (%)
1. Which year of residency training are you in? 1styear 26 25.8
2nd year 26 258
3rd year 25 24.7
4th year 24 23.7
2. How many beds does your training hospital has? > 1500 36 35.6
1000 to 1500 29 28.8
<1000 36 35.6
3. Where is your training hospital located? Seoul 64 63.4
Gyeonggi-do 24 23.7
Other provinces 13 12.9

J

|2 "HE

7]% 7 Ko Tt A& 2k 9 St Avk= Table 1 X Fig. 101l AlAE|o] Qi) 1139 5 1017
(89.3%)2] 397} 2lalstlor, Z4kA] Ao "ol Fete Fe= fllal, FHA w3
1017 % 84%(83.2%)°] 3|Alatqi}. SJAIgh Hgo] F 1= 267(25.7%), 2W%H= 269
(25.7%), 3ER}= 259 (24.7%), 4T 2= 2475(23.7%) O 2, SHAEL AP 2 vl w A 12 B
Z3ch T 9 punde] FR2E 150084 ol4e] HYolM ERshe Ha9)7t 361
(35.6%), 1000~1500584}0] 29%(28.7%), 18] 1 100084} 1]RHo] 367 (35.6%) 02, HA] I 2H|
HrtRlet, Jefuf o] YA A120] 647 (63.3%) 02 7P Wokal, A3 o 2 74|
oJ0] 2475 (23.7%), 1. 0] 2] A% 137 (12.8%) 22 4= H A% o] S 7} A& o 2 Wt

T 0o

12 AE 5% 2= (Likert scale)S AF&3to] 2431l on Ant=
Table 20f] AA]=]of e}, 2<10] ThE Sjate]] H]sl] o] & Q1gA] 5ol tisl ui-¢- 2 Aot Jlrhes &
Be glolom 149 (13.9%)0] 2k 2 1 QlTk, 547 (53.4%)0] HauhE &1 Qlek 291
(28.7%)°] T n]ko 2 A1 Qlek 12|11 47(4.0%)0] HE mErky HHsIgich TR oAME
of Hla} ¢1-FA|5oll theh 45| gHokar A=Al g ’S—F;Oﬂ*i 18(1%)o] ml$- FAl5] 5t

al
9)t}, 9 (9%)0] ozt AAI5] st gl 40t

(39.6%)°] Hw+THE 5kl Uk 377 (36.6%)°] Ht
ojgko 2 At Qlok, 12] a1 14%(13.8%) 0] %15 oF Stk © ‘6‘} C}. A Aof] Thgt 27} g 7te
o 323gol| tigh 27} Wrtol] Aoz oz Bzl driol Hlgo] of Bokth A1 7ol

thet oS =2 7lshs Z R0 A, M4l 2 (machine learning)¥t H21'd(deep learning)2] 2}
olof| thal 25 (296)0] Wi & QbTE, 197 (18.8%)0] ARt & I}, 227(21.8%)0] WTHE <ttt
4174 (40.6%)°] Ht mIRte = Qhr} 12|31 177(16.8%)°] 5] RET GHslt: 25+
A7 (convolutional neural network)2] 7Hgel| thsl 37 (3%)0] wi-2- &+ okch 187H(17.8%)°]
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Fig. 1. Graphs showing baseline characteristics.
A-D. Survey response results (A), the year of residency of respondents (B), the location of hospitals (C) and
the number of beds of the hospitals (D).

@ Survey response result Year of residency

26, 26%

= Response (n=101, 89.4%) m4th year (n=24,23.7%) =3rd year (n=25,24.7%)
= No response (n=12, 10.6%) =2nd year (n=26,25.8%) = 1styear (n=26,25.8%)
@ Location of training hospital @ Number of beds of training hospital
m Seoul (n=64, 63.4%) <1000 (n=36, 35.6%)
= Gyeonggi-do (n=24,23.7%) = 1000 to 1500 (n =29, 28.8%)
m Other provinces (n=13,12.9%) m>1500 (n=36,35.6%)

QFZF ZF Qi 229 (21.8%)°0] HaTHE Qtth, 307 (29.7%)0] ¢k n|Tke & ottt 12|11 28
(27.7%)°] o] HET FHSIQITE npA|ete g2 Q325 dare]Fef tigh UlF % (internal
validation)z} 2% A7 (external validation)2] xte]E il Ql=A]oll thsl 675 (5.9%)°] ui-¢- 2+
QT 2475(23.8%)0] 2K Z 9t} 217(20.8%)°] HThE Qb 2475(23.8%)°] Bt n|FtC &
b, 18] a1 269 (25.7%)°] 8] EErtal GRSt

il

AT B AT ol Fa} ofgfol ek B2 AvHe chewt 2t 138(12.8%)°] Hol 7
o] 9l gho 2w o] olgrol Stk 3W(3%)°] Aol oLt Sho Fol ofgke i, 787
(77.296)°] ol ZBE gloLk so@ AT ol ojgpo] ik, 12l 7R (6.9%)0] Hol Y=
QL oo® o] ofao] girk SHIsIITkTable 3). Wakal M| 97 % 16%9(158%)0] <
BA5 AT o] AL, 91(90%)2] AFASL 5 AT ol ol Uitk
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792, 4975 (48.5%)

gutsiel

rpofatat o] ol A AZtske Bgelstte) ojey
of] gtk AFA|-5-2] P&l thal], ml->- F7g&olek= B2 GlSlaL, 14%(13.9%)°] 544, 1278
Table 2. Knowledge of Radiology Residents Regarding Al
Questions Answers Respondents (n) Respondents (%)
1. I have better knowledge about medical Strongly agree 0 0
Al than other doctors Agree 14 13.9
Neutral 54 53.4
Disagree 29 28.7
Strongly disagree 4 4.0
2.1am studying medical Al harder than Strongly agree 1
other doctors Agree 9 9
Neutral 40 39.6
Disagree 37 36.6
Strongly disagree 14 13.8
3. I can clearly explain the difference between  Strongly agree 2 2
machine learning and deep learning Agree 19 18.8
Neutral 22 21.8
Disagree 41 40.6
Strongly disagree 17 16.8
4. 1understand the basic concepts of Strongly agree 3 3
convolutional neural network Agree 18 17.8
Neutral 22 218
Disagree 30 29.7
Strongly disagree 28 27.7
5.1 understand the difference between the Strongly agree 6 5.9
internal validation and external validation  Agree 24 23.8
on Al study Neutral 21 208
Disagree 24 238
Strongly disagree 26 25.7

Al = artificial intelligence

Table 3. Research Involvement of Radiology Residents in Al

Questions Answers

Respondents (n)

Respondents (%)

1. Do you have experience or
willingness to participate
in medical Al research?

Experience (+), willingness (+)

Experience (+), willingness (-)

Experience (-), willingness (+)
(-

Experience (-), willingness (-)

13
3
78
7

12.9
3
7.2

6.9

Al = artificial intelligence
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Table 4. Perspective of Radiology Residents on Al

Questions Answers Respondents (n) Respondents (%)

1. How would Al affect the future of radiology?  Strongly positive 1 1

Somewhat positive 49 48.5
Neutral 39 38.6
Somewhat negative 12 11.9
Strongly negative 0 0

2. How do doctors in other disciplines than Strongly positive 0 0
radiology consider how Al would affectthe  somewhat positive 14 13.9
future of radiology? Neutral 12 119

Somewhat negative 49 48.5
Strongly negative 26 25.7

3. Have you experienced non-radiologists Yes, frequently 44 43.6
making comments about the negative Yes, rarely 52 51.5
influence of medical Al on radiology? No 5 4.9

4. Did the negative comments mentioned in Yes 33 53.2
question 3, if you had heard them before No 29 46.8
deciding radiology residency, make you less
positive about selecting radiology as your
major?

5. Did the negative comments mentioned in Yes 36 46.2
question 3, if you had heard them after No 42 53.8
deciding radiology residency, affect your
radiology training negatively?

6. How did Al overall influence your decision Strongly positive 2 2
of radiology residency or radiology training?  somewhat positive 13 12.9

Neutral 46 45.5
Somewhat negative 39 38.6
Strongly negative 1 1
7. How did Al influence the recruitment of Strongly positive 0 0
new radiology residents? Somewhat positive 2 2.4
Neutral 12 14.6
Somewhat negative 45 54.9
Strongly negative 23 28.1

Al = artificial intelligence

(11.9%)°] ALl -F-AL 4975 (48.5%)°0] B84, 2]l 26 (25.7%)°] vl-¢- &
Fotaint. o| 24 F/delstat tjRel Azt o/felstat oJatE A ol idele 9 F2] AlZtol| Aol

Aok gHsigl o o] Qlrhs TS 59(4.9%) 4ol =

4
29| B A2 Gelsint W AYeb] Hel W A, oleid Aol BHelenE
HeEBRe Hlol 244 93 FoUcke o] n]8-L 33%(53.20), BF AP ol Fol Yokl
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(2.4%)°] 344, 129(14.6%)°] FF 12, 4578 (54.9%)°] F42 &, 12|11 23%(28.1%)°]
- 297 o] Qlrkal griste], Mol Adshe bl a0l BAAQ JFS 71Tt
© 550l AA9] 82.9%°) Eoh= Zle &l 4= ATt

He 2|X| & F20] [HE X}0]
g o] AAfjR|ef o] et A7) AE & AIAA S, At o] SHat
F2to) 7} Ql=A] EHRlst3iTHTable 5) 5k 2] 4]
o] ol YX|5h= 4 1 & AT} Hlwste] ofn] QA & HFE R
THAIE, odds ratio (°]3} OR), 8.47; 95% confidence interval (°]3} CI)): 2.22, 32.23; p = 0.002;
7371, OR, 7.95; 95% CI: 1.87, 33.82; p = 0.005). Q1325 T FHE H4l3] sh=7]of| thallA] 4
Al dgojet vlwstelS w) 18} a2zt ofu] QA W2 H4E B (OR, 0.26; 95% CI:
0.09, 0.76; p = 0.014), =18 o] =0l Y|x|oh= B¢ s o|2|9] 7|e} A Hqx} H]ws}o]
o] QA &L M52 HATHAE, OR, 4.09; 95% CI: 1.17, 14.28; p = 0.027; 7371, OR, 4.54;
959% CI: 1.16, 17.74; p = 0.030).

shH | J2'd(deep learning)2t M4l 2] (machine learning)2] 2to]E &+ Z-2ol|A] 4%}
Ag-ole} vlasto] 1} 9 2} g0 59] 47 ofu] A FUATHIEAF H3-2], OR, 0.22;
95% CI: 0.08, 0.64; p = 0.005; 282} Z3-2], OR, 0.26; 95% CI: 0.09, 0.74; p = 0.011). T3+ 2=
24 N7 (convolutional neural network)ol| thet Z-&oll= 482} Z-3-2jef vl wslo] 12t
g 2R} Age]5o] A on] A 2 A4E B (1dAF 1-3-9] OR, 0.11; 95% CI: 0.04,
0.35; p < 0.001; 282} H3-2], OR, 0.26; 95% CI: 0.09, 0.75; p = 0.012), 7|E} x| 2Jo]] H|5}o] AL
of| J=I5h= 4 A7 ofn] Al =JUTHOR, 3.78; 95% CI: 1.03, 13.92; p = 0.046). U5 A%
(internal validation)™} ]+ 737 (external validation)2] }0]S &+ AFol= 484} H-g2] e}
H|wato] 192k 9 22} Zdg0]7F ojn] QIA| W2 HE(1dxt 32, OR, 0.11; 95% CI: 0.04,
0.33; p <0.001; 2182} 2] OR, 0.24; 95% CI: 0.08, 0.69; p = 0.008), 7|E} x| o] B]5}o] 1
Hol| =0l Aot A% 2] QA =2 45 EUTHAIE, OR, 6.49; 95% CI: 1.71,
24.70; p=0.006; 771, OR, 8.77; 95% CI: 2.06, 37.34; p =0.003). OFA|2}0.2 Q1 Zg |5 Thed It
2ol tigh Aoll= 49 399} Blwsto] 1A} -39 Bl 29} 3ol 5ol AIM 47}
oln] QA Fek(1da} H3-9], OR, 0.33; 95% CI: 0.11, 0.97; p < 0.043; 282} 43-9] OR, 0.17;
95% CI: 0.06, 0.52; p = 0.002), 7|E} Aol H]sto] =0l Yx|5h= ¢ A7} 2ln] Al =
UTHOR, 4.54; 95% CI: 1.13, 18.34; p = 0.033).
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Table 5. Comparison of Questionnaire Answers Based on the Year of Residency and Location and Size of the

Training Hospital

Characteristic

Odds Ratio

95% Confidence Interval p-Value

Question: I have better knowledge about medical Al than other doctors

Year of residency
1st
2nd
3rd
4th
Location
Seoul
Gyeonggi-do
Other
Number of beds
<1000 beds
1000-1500 beds
>1500 beds

Question: | am studying medical Al harder than other doctors

Year of residency
1st
2nd
3rd
4th
Location
Seoul
Gyeonggi-do
Other
Number of beds
<1000 beds
1000-1500 beds
>1500 beds

0.44
0.39
0.61
1 (base category)

8.47
7.95
1 (base category)

2.09
0.706
1 (base category)

0.26
0.36
0.54
1 (base category)

4.09
4.54
1 (base category)

1.09
0.50
1 (base category)

0.15,1.32 0.144
0.13,1.17 0.092
0.20,1.85 0.382
2.22,32.23 0.002
1.87,33.82 0.005
0.77,5.67 0.148
0.26,1.90 0.491
0.09,0.76 0.014
0.12,1.03 0.058
0.19,1.56 0.253
1.17,14.28 0.027
1.16,17.74 0.030
0.42,2.78 0.863
0.19,1.30 0.153

Question: | can clearly explain the difference between machine learning and deep learning

Year of residency

1st 0.22 0.08,0.64 0.005
2nd 0.26 0.09,0.74 0.011
3rd 0.71 0.25,1.96 0.503
4th 1 (base category)

Location
Seoul 1.06 0.32,3.50 0.926
Gyeonggi-do 0.79 0.37,2.94 0.729
Other 1 (base category)

Number of beds
<1000 beds 0.93 0.37,2.31 0.870
1000-1500 beds 0.73 0.29,1.85 0.507
> 1500 beds 1 (base category)

https://doi.org/10.3348/jksr.2019.0179 1405
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Table 5. Comparison of Questionnaire Answers Based on the Year of Residency and Location and Size of the
Training Hospital (Continued)

Characteristic 0Odds Ratio 95% Confidence Interval p-Value

Question: | understand the basic concepts of convolutional neural network
Year of residency

1st 0.11 0.04,0.35 <0.001
2nd 0.26 0.09,0.75 0.012
3rd 0.62 0.22,1.72 0.357
4th 1 (base category)

Location
Seoul 3.78 1.03,13.92 0.046
Gyeonggi-do 3.34 0.82,13.65 0.093
Other 1 (base category)

Number of beds
<1000 beds 0.51 0.20,1.29 0.155
1000-1500 beds 0.92 0.36,2.30 0.852
>1500 beds 1 (base category)

Question: | understand the difference between the internal validation and external validation on Al study

Year of residency

1st 0.11 0.04,0.33 <0.001
2nd 0.24 0.08, 0.69 0.008
3rd 0.65 0.23,1.81 0.406
4th 1 (base category)

Location
Seoul 6.49 1.71,24.70 0.006
Gyeonggi-do 8.77 2.06,37.34 0.003
Other 1 (base category)

Number of beds
<1000 beds 0.45 0.18,1.13 0.088
1000-1500 beds 0.38 0.15,0.97 0.042
>1500 beds 1 (base category)

Question: Do you have experience or willingness to participate in medical Al research?
Year of residency

1st 0.33 0.11,0.97 0.043
2nd 0.17 0.06,0.52 0.002
3rd 0.38 0.13,1.12 0.081
4th 1 (base category)

Location
Seoul 322 0.90,11.47 0.072
Gyeonggi-do 4.54 1.13,18.34 0.033
Other 1 (base category)

Number of beds
<1000 beds 0.67 0.26,1.74 0.413
1000-1500 beds 0.59 0.23,1.55 0.286
>1500 beds 1 (base category)

Al = artificial intelligence

1406 jksronline.org



cHﬁ‘_I-oélAOI-QIZFEIXI

ChetHAbol8ts|X| 2020;81(6):1397-1411

Table 6. Comments by Radiology Residents for the Korean Society of Radiology

Answer Respondents (n) Respondents (%)
More lecture and study for medical Al are needed for radiologist, 43 51.2
especially for residents
Radiologists should take advantage of medical Al to advance 19 22.6
radiology
Society should promote right information about medical Al 12 14.3
for other doctors and the public
Other responses 10 119
Al = artificial intelligence
=2 23
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