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Purpose: The objective of this study was to develop a predictive model for the sexual experiences of adolescents using the random for-
est method and to identify the “variable importance.” Methods: The study utilized data from the 2019 to 2021 Korea Youth Risk Behavior
Web-based Survey, which included 86,595 man and 80,504 woman participants. The number of independent variables stood at 44. SPSS
was used to conduct Rao-Scott Xz tests and complex sample t-tests. Modeling was performed using the random forest algorithm in Py-
thon, Performance evaluation of each model included assessments of precision, recall, F1-score, receiver operating characteristics curve,
and area under the curve calculations derived from the confusion matrix. Results: The prevalence of sexual experiences initially de-
creased during the COVID-19 pandemic, but later increased. “Variable importance” for predicting sexual experiences, ranked in the top
six, included week and weekday sedentary time and internet usage time, followed by ease of cigarette purchase, age at first alcohol con-
sumption, smoking initiation, breakfast consumption, and difficulty purchasing alcohol. Conclusion: Education and support programs for
promoting adolescent sexual health, based on the top-ranking important variables, should be integrated with health behavior intervention
programs addressing internet usage, smoking, and alcohol consumption. We recommend active utilization of the random forest analysis
method to develop high-performance predictive models for effective disease prevention, treatment, and nursing care,
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ROC = Receiver operating characteristic; AUC = Area under the ROC curve.

Figure 1. Data analysis process framework.
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Table 1. The Differences of Sexual Intercourse by Characteristics (Continuous Variables)
Gender Man Woman
Yr 2019 2020 2021 2019 2020 2021
Sexual Sexual Sexual Sexual Sexual Sexual
intercourse intercourse intercourse intercourse intercourse intercourse
Characteristics t (p) t(p) t(p) t(p) tlp)
No Yes No Yes No Yes No Yes No Yes No Yes
M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE)
Average sedentary 424.64 409.26 2.629 390.39 37281 2382 42581 391.27 5384 51575 480.73 3.392 447.01 400.28 2382 49854 4516 5497
time/day (for study, (3.28) (6.65) (009) (3.46) (7.75) (017) (2.81) (6.93) (<.001) (3.25) (10.69) (001) (3.01) (9.71) (017) (235 (8.71) (<.001)
during weekdays)
Average sedentary 22235 217.62 .824 20240 209.22 -.982 21822 216,52 259 263.83 221.38 4.551 225.68 182.24 4.754 254.89 203.84 6.586
time/day (for study, (3.74) (656) (410) (3.68) (7.66) (326) (3.52) (6.77) (796) (3.88) (9.75) (<.001) (3.44) (9.49) (<.001) (3.33) (8.01) <.001)
during weekends)
Average sedentary time/ 288.09 279.67 1.958 32562 320.13 .910 32449 31296 1926 280.51 277.64 .403 323.44 33937 910 30645 33672 -3.774
day (for non-study, (1.93) (4.23) (050) (1.89) (5.91) (363) (2.06) (593) (054) (1.77) (7.08) (687) (1.98) (9.00) (363) (1.79) (7.73) (<.001)
during weekends)
Average sedentary time/ 165.32 176.76 -3.710 226.88 234.82 -1.471 208.15 223.0 -3.120 167.95 184.04 -3.186 231.59 253.78 - 1.471 208.68 238.06 -5.149
day (for non-study, (1.11)  (3.07) (<.001) (1.39) (5.41) (142) (1.30) (476) (002) (96) (498 (001) (1.47) (6.83) (.142) (1.18) (5.69) (<.001)
during weekdays),
Average time of 23540 255.58 -4.251 344.09 462.01 -14.277 353.23 459.25 -16.856 246.58 268.22 -2.775 43449 56597 -1245 4296 589.77 -17.687
smartphone use/day  (1.62) (4.94) (<.001) (2.41) (8.38) (<.001) (2.23) (7.46) (<.001) (1.59) (7.71) (006) (2.01) (10.51) (<.001) (2.89) (10.4) (<.001)
(during weekends)
Average time of 139.35 167.66 -7.205 251.76 365.67 - 15.258 255.88 366.93 - 14.226 15530 188.10 -4.782 304.97 437.08 - 13.67 302.32 458.98 - 15.701
smartphone use/day (0.99) (397) (<.001) (1.96) (7.70) (<.001) (1.86) (6.67) (<.001) (1.04) (6.91) (<.001) (2.28) (10.00) (<.001) (2.11) (9.05) (<.001)
(during weekdays)
Age of starting smoking  8.67 7.74 10.349 8.84 8.29 6.458 8.67 8.31 4.223 9.04 854 3223 9.5 9.04 6458 8.98 8.72 2.016
(0.04) (0.09) (<.001) (0.04) (0.07) (<.001) (0.05 (0.08) (<.001) (0.06) (0.15) (001) (0.06) (0.13) (<.001) (0.06) (0.12) (.044)
Breakfast 5.08 464 6876 4.98 4.39 8.317 4.87 4.41 6.603 4.84 4.21 6.962  4.68 378 8317 469 3.81 10.039
(0.02) (0.06) (<.001) (0.02) (0.07) (<.001) (0.02) (0.67) (<.001) (0.03) (0.09) (<.001) (0.02) (0.09) (<.001) (0.02) (0.09) (<.001)
Age of starting drinking  8.45 8.14 3619 847 8.35 1.325 8.21 849 -2833 9.07 847 4828 9.00 9.00 1325 8.82 8.66 1.627
(0.04) (0.08) (<.001) (0.05) (0.08) (185 (0.04) (0.09) (005 (0.04) (0.12) (<.001) (0.04) (0.10) (.185) (0.05) (0.09) (.106)
M = Mean; SE = Standard error.
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Table 2. Performance Characteristics of Random Forest Model for Each Dataset

Accuracy Precision Recall F1-score AUC
2019 man 0.938 (0.001) 0.941 (0.000) 0.996 (0.001) 0.968 (0.001) 0.801 (0.016)
2020 man 0.949 (0.001) 0.952 (0.001) 0.996 (0.001) 0.974 (0.000) 0.821 (0.010)
2021 man 0.943 (0.001) 0.946 (0.001) 0.997 (0.001) 0.971 (0.001) 0.816 (0.017)
2019 woman 0.973 (0.001) 0.974 (0.001) 0.999 (0.001) 0.986 (0.001) 0.825 (0.016)
2020 woman 0.970 (0.000) 0.972 (0.000) 0.998 (0.000) 0.985 (0.000) 0.843 (0.015)
2021 woman 0.966 (0.001) 0.969 (0.001) 0.997 (0.001) 0.983 (0.000) 0.849 (0.020)

Each value is the average and standard deviation of the values obtained through 5-fold cross-validation.

AUC = Area of under curve (ROC).

C —1

2 —3 —4 —5

Figure 2. ROC curves of 5-fold random forest models for each dataset. (A) 2019 man random forest. (B) 2020 man random forest.
(C) 2021 man random forest. (D) 2019 woman random forest. (E) 2020 woman random forest. (F) 2021 woman random forest.
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Appendix 1. The Differences of Sexual Intercourse by Characteristics (Categorical Variables)

Outcome variables Sexual intercourse
Gender Man Woman
Yr 2019 (n = 29,841) 2020 (n = 28,353) 2021 (n = 28,401) 2019 (n = 27,462) 2020 (n = 26,595) 2021 (n = 26,447)

Yes Rao-Scott  Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott  Yes Rao-Scott
(%) % (0) @) x*(p) ) %*(p) (%) x (p) (%) x ) ) x* (o)

Characteristics

Total 7.7 - 5.7 - 6.3 - 3.6 - 33 - 40 -
Academic High 93 16991 6.1 20804 66 16186 4.1 140.03 30 22096 3.1 17425
achieve- Middle-high 6.1  (<.001) 38 (<.001) 50 (<.001) 26 @ (<.001) 19  (<.001) 33 (<.001)
ment Middle 6.8 5.1 5.7 2.7 2.8 35

Middle -low 8.4 59 73 4.4 3.6 40

Low 13.0 10.9 1.4 7.0 8.1 9.0
Economic High 19 25758 84 12116 92 15249 46 23099 27 160.71 43 21454
level of Middle-high 71 (<.001) 54 (<.001) 58 (<.001) 30 (<.001) 29  (<.001) 30 (<.001)
family Middle 6.5 4.7 5.7 2.7 2.8 3.6

Middle-low 9.4 7.1 79 6.8 53 8.0

Low 189 10.8 15.6 16 15 12.9
School grade  Grade 7 23 78243 15 87232 1.7 91437 1.1 361.63 09  439.73 1.1 392.26

Grade 8 35  (<.001) 20 (<.001) 22 (<.001) 18  (<.001) 1.3 (<.001) 1.7 (<.001)

Grade 9 6.1 3.4 45 22 1.9 30

Grade 10 8.1 58 6.6 38 29 4.7

Grade 11 19 9.0 13 48 56 6.4

Grade 12 14.6 129 135 7.2 7.0 7.6
Perception  Very enough 6.1 30148 44 23201 49 23335 39 21.82 29 3688 36 6446
of sleep Enough 57  (<.001) 39 (<.001) 47  (<.001) 33 (< .001) 26 (<.001) 29 (<.001)
enough Not lack, not enough 6.9 5.1 5.6 3.0 2.8 3.4

Not enough 8.4 7.1 7.4 3.6 3.7 4.1

Very not enough 14.8 1.4 12.4 4.5 45 59
Subjective  Very healthy 95  159.03 71 15006 80 7778 3.2 66.54 2.7 73.31 40 13556
health Healthy 64 (<.001) 48 [(<001) 61 (<001) 30 (<.001) 29  (<.001) 31 (<.001)
status Moderate 7.7 4.8 5.4 4.2 35 4.0

Not healthy 93 6.0 6.7 5.4 52 75

Not very healthy 25.1 23.1 173 10.6 13.0 13.4
Smoking < 1 cigarette/day 178 23579 150 12000 199 12016 173 97.42 229  69.98 263  67.56
amount 1 cigarette/day 252 (<.001) 169 (<.001) 201 (<.001) 236 (<.001) 344 (<.001) 298 (<.001)

2~5 cigarettes/day 28.6 279 26.9 334 27.8 40.3

6~9 cigarettes/day 36.0 416 41.8 44,0 58.4 62.9

10~19 cigarettes/day 52.2 49.4 43.8 50.3 57.6 57.4

> 20 cigarettes/day 60.1 50.1 64.4 63.8 58.1 70.4
Smoking No 45 226788 3.1 226076 3.8 233190 19 265414 1.8 274724 22 3,154.67
experience  Yes 242 (<.001) 222 (<.001) 249 (<.001) 239 (<.001) 253 (<.001) 299 (<.001)
Perceived Very high 149 22534 130 23126 119 14112 6.7 154.65 63 11856 76 177.1
stress level  High 82 (<.00) 68 (<.00) 67 (<.001) 37 (<.001) 38 (<.001) 45 (<.001)

Moderate 7.3 49 59 2.5 2.5 2.7

Low 58 43 53 2.7 23 3.1

Very low 8.8 6.4 8.0 3.4 2.8 3.6
Frequency  Everyday 88  53.59 76 6925 100 11204 3. 13.56 34 4.48 45 2401
of tooth Most days 96  (<.001) 75 (<.001) 82 (<.001) 42  (<.009) 37 (289 50 (<.001)
brushing Sometimes 89 6.1 8.2 3.9 33 46
afterlunch  Not doing 6.8 48 55 3.6 3.0 35
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Appendix 1. Continued

Outcome variables Sexual intercourse
Gender Man Woman
Yr 2019 (n = 29,841) 2020 (n = 28,353) 2021 (n = 28,401) 2019 (n = 27,462) 2020 (n = 26,595) 2021 (n = 26,447)

Yes Rao-Scott  Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott  Yes Rao-Scott
(%) % (0) @) x*(p) ) %*(p) (%) x (p) (%) x ) ) x* (o)

Characteristics

Perceived Very thin 8.0 24.47 5.6 37.95 6.8 34.54 5.1 12.94 5.1 24.45 6.7 26.27
body shape  Thin 72 (<.001) 53 [(<.001) 67 (<.001) 35 (017) 38  (<.001) 37 (<.001)
Moderate 9.0 7.0 7.7 3.3 2.8 3.6
Fat 7.8 5.1 5.8 3.8 3.2 4.4
Very fat 6.7 4.6 5.1 4.5 4.2 4.8
Ever quit Never 37.2 6.86 35.2 0.72 37.0 3.28 36.5 1.98 39.2 0.1 49.4 6.49
smoking Ever 322 (<.018) 333 (476) 327 (061) 323 (018) 38.0 (.770) 405  (.009)
Frequency of None 8.1 1072.12 7.3 656.04 8.6 570.02 4.6 663.14 5.1 533.05 6.9 46555
drinking per  1~2 times 164 (<.001) 140 (<.001) 173 (<000 101  (<.001) 123  (<.001) 152 (<.001)
month 3~5 times 277 26.1 24.4 16.6 232 205
6~9 times 35.5 29.0 25.6 23.7 26.1 39.3
10~19 times 33.6 333 384 24.9 27.3 28.8
20~29 times 27.2 26.6 24.1 20.6 26.9 38.4
Every day 64.7 51.1 57.7 68.5 74.9 57.7
Amount of 1~2 cups 8.9 477.49 8.5 303.50 10.3 294.08 5.6 265.461 7.4 234.72 109 19277
drinking per  3~4 cups 218 (<.001) 151 (<.001) 186 (<.001) 135  (<.001) 150 (<.001) 202 (<.001)
day 5~6 cups 25.0 25.2 24.8 17.4 20.7 23.3
1~2 bottles 31.8 29.0 34.3 21.9 30.2 339
2 bottles or more 46.2 41.7 42.8 38.6 44.7 50.2
Effort to No efforts 6.7 87.19 5.1 51.79 6.0 51.48 2.9 99.44 2.7 37.05 3.3 34.87
control body  Efforts to lose weight 87  (<.001) 55 (<.001) 68 (<.001) 42 (<.001) 37 (<.001) 44 (<.001)
weight Efforts to gain weight ~ 11.1 8.1 9.4 99 6.1 7.0
Effort to maintain 8.6 6.5 6.0 29 3.0 4.5
weight
BMI <185 4.5 109.41 3.0 72.00 4.5 44.71 23 37.60 2.9 1.21 &3 11.59
185~ < 23.0 82  (<.001) 63 (<.001) 71 (<.001) 35 (<.001) 29 (017) 38 (01)
23.0 ~ < 25.0 9.6 6.1 7.3 3.5 4.0 3.8
225 7.8 5.9 6.2 4.6 3.5 4.8
Difficulty of ~ Never purchased 5.2 3,350.94 40  2,589.69 4.9 2,458.68 2.3 1,955.95 23 2,442.78 3.0 2,133.09
purchasing  Was not able to 145 (<.001) 123 (<.001) 124 (<.001) 105 @ (<.001) 74 (<.001) 183 (<.001)
alcohol purchase
Was able to purchase  30.1 28.2 27.8 20.5 28.7 31.2
with a lot of effort
Was able to purchase  33.1 334 385 19.7 28.4 32.8
with little efforts
Was able to purchase  47.6 41.6 43.1 31.0 41.0 39.8
without effort easily
Difficulty of ~ Never purchased 52 3,671.64 39 328228 4.7  2915.28 2.5 2,669.39 24 2,703.79 29 3,084.96
purchasing  Was not able to 138 (<.001) 126 (<.001) 142 (<.001) 142 (<.001) 120 (<.001) 294 (<.001)
cigarettes purchase
Was able to purchase  36.1 34.6 32.8 36.2 32.7 48.1
with a lot of effort
Was able to purchase ~ 34.0 36.1 39.1 30.1 37.4 46.8
with little efforts
Was able to purchase ~ 49.0 48.1 46.6 44.2 50.7 50.7

without effort easily
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Outcome variables

Sexual intercourse

Gender Man Woman
Yr 2019 (n = 29,841) 2020 (n = 28,353) 2021 (n = 28,401) 2019 (n = 27,462) 2020 (n = 26,595) 2021 (n = 26,447)
. Yes  Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott  Yes Rao-Scott
Characteristics
(%) x (p) (%) x () ) %*(p) (%) x (p) (%) x ) ) x* (o)
Type of city ~ Rural areas 7.1 19.14 6.9 5.50 6.3 4.91 4.7 6.63 3.1 3.55 4.1 4.42
living in Metropolitan 8.8 (o1) 58  (135) 70  (185) 3.6 (-195) 3.5 (:325) 37 (159)
Medium & small cities 7.4 5.6 6.3 3.4 3.1 4.2
School type  Academic high school ~ 10.4  704.81 84 71046 95  807.42 4.2 554.61 43 47168 49  644.27
Middle school 40  (<.001) 22 (<.001) 28 (<.001) 17 (<.001) 13 (<.001) 19 (<.001)
Vocational high school  16.5 12.7 15.2 1.6 Blo) 13.8
School type  Coed 7.3 37.69 52 2926 6.3 9.50 3.6 0.10 3.1 2.29 42 392
All-boys 94 (<.001) 6.8 (<.001) 73 (038) (:857) (337) (152)
All-girls 3.5 3.3 3.7

Ever Never 64 37048 45  339.44 54  240.81 2.6 153.39 21 23287 25 34842
depressed  Ever 136 (<.001) 108 (<.001) 1m0 (<.001) 55 (<.001) 57  (<.001) 73 (<.001)
(last 12 mo)

Ever thought  Never 72 26859 52  160.63 60  167.82 28 26645 25 324.80 3.1 290.96
of suicide (<.001) (<.001) (<.001) (<.001) (<.001) (<.001)
(last 12 mo)  Ever 16.0 1.7 12.5 7.6 8.1 8.7

Residence With family 75  367.24 55 24339 63  362.85 33 49833 31 371.28 3.8 293.56
type With relatives 252 (<.001) 121 (<.001) 19 (<.001) 138  (<.001) 86 (<.001) 159 (<.001)

Boarding home, living ~ 23.7 28.1 32.6 245 233 26.6
apart, dormitory

Day care center (ex., 9.7 7.5 6.2 4.7 3.2 6.6
orphanage)

Ever Never 9.1 18.25 6.6 1647 7.8 34.70 4.4 14.44 3.3 0.20 44 463
taken sex Ever 76  (<.001) 54  (<.001) 60 (<.001) 3.4 (.002) 3.2 (.680) 3.8  (.046)
education
(last 12 mo)

School grade  High school 116  582.87 92 63464 106  698.05 53 26565 52  306.18 6.2 323.88

Middle school 40 (<.001) 22 (<.001) 28 (<.001) 17 (<.001) 1.3 (<.001) 19 (<.001)

Ever Never 76 30153 55  237.53 64  167.07 3.1 404.93 29  397.64 3.6 367.19
attempted  Ever 274 (<.001) 240 (<.001) 219 (<.001) 146 (<.001) 162 (<.001) 173 (<.001)
suicide (last
12 mo)

Ever drinking  Never 32 125245 22 107851 27 117036 1.0 93157 09  1,122.39 13 1533419

Ever 144 (<.001) me (<001) 131 (<.001) 82  (<.001) 89 (<.001) 111 (<.001)

Ever planed  Never 75 266.39 54 176,57 63  124.23 3.2 225.02 29 22951 3.6 273.22
suicide (last  Ever 223 (<.001) 167 (<.001) 157 (<.001) 110  (<.001) 109 (<.001) 128 (<.001)
12 mo)

Number of ~ None 74 63203 55  289.55 63 299.02 33 734.53 3.1 36036 38 470.52
treatment  Once 161 (<.001) 112 (<.001) 150 (<.001) 126  (<.001) 75 (<.001) 227 (<.001)
after assault 2 times 250 19.7 26.6 228 30.8 30.5
(last 12mo) 3 tjmes 32.1 239 337 26.4 226 37.9

4 times 419 262 34.4 56.0 24.7 52.1
5 times 489 49.2 41.0 465 327 3238
6 or more times 45.4 438 35.1 44.1 37.9 35.4

Ever habitual Never 75  776.05 56  109.71 64 15684 3.3 599.73 32 126.10 39 16257

drug-use Ever 489 (<.001) 217 (<.001) 275 (<.001) 306  (<.001) 181 (<.001) 231 (<.001)
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Outcome variables

Sexual intercourse

Gender Man Woman
Yr 2019 (n = 29,841) 2020 (n = 28,353) 2021 (n =28,401) 2019 (n = 27,462) 2020 (n = 26,595) 2021 (n = 26,447)
. Yes  Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott Yes Rao-Scott  Yes Rao-Scott
Characteristics
) o) ) % (o) ) x*(p) ) (o) ) %2 (p) ) %)
Frequency of  Ofwk 6.9 327.98 4.9 113.16 53 198.01 3.2 179.86 3.2 66.29 3.2 123.75
convenience  1~2 times/wk 69 (<.001) 52  (<.001) 57  (<.001) 3.1 (< .001) 28  (<.001) 36 (<.001)
store food 3.4 times/wk 9.3 6.8 8.1 42 4.1 49
purchases 5.6 times/wk 14.1 7.8 1.9 6.6 53 7.5
Once/day 15.9 9.3 1.2 10.0 6.1 9.7
2 times/day 13.4 14.0 1.4 16.5 0.9 18.7
3 or more/day 34.3 22.2 25.6 23.7 15.0 11.8
Multicultural No 8.0 1.89 5.8 3.34 6.6 2.08 3.6 6.71 3.2 13.36 4.0 0.07
family Yes 5.7 (.099) 35  (057) 5.0 (.149) 6.5 (017) 64  (<.001) 38 (786)
Remarried No 7.9 36.93 5.7 51 6.6 0.05 Bi5 45.59 3.2 26.70 4.0 0.05
parents Yes 154  (<.001) 79  (031) 68  (834) 92  (<.001) 73 (<.001) 42  (804)
Cohabitation No 9.5 81.00 8.1 158.72 6.6 0.00 4.7 53.30 4.7 59.68 4.2 1.61
with parent  Yes 6.7 (<.001) 45 (<.001) 6.6 (.981) 3.0 (<.001) 28  (<.001) 39 (175)
At least one  No 9.2 39.47 8.1 113.56 6.3 1.03 4.2 12.82 4.1 10.99 4.3 1.36
of parents  Yes 7.2 (<.001) 48 (<.001) 6.7 (.310) 3.3 (<.001) 3.1 (.003) 39 (.253)
alive
Ever smoking  Never 43 238296 29  2,328.03 6.6 0.27 1.9 2,609.99 1.7  2,886.95 40 0.06
Ever 238 (<.001) 216 (<.001) 64  (647) 227 (<.001) 250 (<.001) 41 (818

BMI = Body mass index.
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