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Objective: The purpose of this study is to use logistic regression and decision tree analysis to identify the factors that affect the
success or failurein the national physical therapy examination; and to build and compare predictive models.

Design: Secondary data analysis study

Methods: We analyzed 76,727 subjects from the physical therapy national examination data provided by the Korea Health
Personnel Licensing Examination Institute. The target variable was pass or fail, and the input variables were gender, age,
graduation status, and examination area. Frequency analysis, chi-square test, binary logistic regression, and decision tree analysis
were performed on the data.

Results: In the logistic regression analysis, subjects in their 20s (Odds ratio, OR = 1, reference), expected to graduate (OR =
13.616, p<0.001) and from the examination area of Jeju-do (OR=3.135, p<0.001), had a high probability of passing. In the
decision tree, the predictive factors for passing result had the greatest influence in the order of graduation status (z* = 12366.843,
p<0.001) and examination area (z*=2312.446, p<0.001). Logistic regression analysis showed a specificity of 39.6% and
sensitivity of 95.5%; while decision tree analysis showed a specificity of 45.8% and sensitivity of 94.7%. In classification
accuracy, logistic regression and decision tree analysis showed 87.6% and 88.0% prediction, respectively.

Conclusions: Both logistic regression and decision tree analysis were adequate to explain the predictive model. Additionally,
whether actual test takers passed the national physical therapy examination could be determined, by applying the constructed
prediction model and prediction rate.
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Table 1. Composition of variables

Source

Korea health personnel licensing examination institute

Data Korea health personnel licensing examination institute  Status of test taker Physical

therapist

Included variables

area, Testing result
Variables Code
Fail =0, Pass =1
Male =0, Female=1

Testing result
Gender

Year, Occupation, Round of examination, Gender, Age, Graduation status, Examination

Age Twenties =1, Thirties =2, Forties =3, More than fifties (Fifties~Seventy) =4

Graduation status

Examination area

Seoul =6, Jeonju=7, Jeju=§

Graduate =0, prospective graduate =1

Gangwon (Gangneung, Chuncheon) =1, Gwangju =2, Daegu=3, Daejeon =4, Busan =5,

Az =M

A2 542 IBM SPSS A3 EQof(version 26.0, IBM
Corp., USA) T2 olgsto] Afthytel ol
) E4e HERAOn, A S4o) 1E 29
A7 B4 G ojrie] Aolg otohur] Sla) A,
AR, SR, Aol thsto] wApEAE S 7HolAl
F(Chi-squared) HA SR ATk T3, ECA &
ShA Golnel dEacl Bl gistl olud
ZR|AE 3]YEXA(Binary logistic Regression)} &JAL
AU (Decision tree) 42 AA|3}c).
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automatic interaction detection) &112]ZS A A3}
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o B &S Teistol AL Training data)
I} A HEE(Testing data)S 80:200.2 A3} TH20,
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o1 Zim}
CHTILHARIO] QU £
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ARH 542 Table 29F At tfdAl= 76,7277 0194
o AdE2 @A 35.9%, 94 64.1% olH, 172 20T
92.6%, 30t 6.3%, 40t 0.9%, 50T °]4} 0.2%%ch.
=9 o= &%l 11.2%, &Y o1Fo] 88.8% %L, A

QoAM= FLE 1.8%, FFFHA 17.0%, -5 HA|

Table 2. General characteristics of subjects (n=76,727)
Variable Categories Total Pass Fail z?2 (P value)
N(%) N(%) N(%)

Testing result 76,727(100) 65,903(85.9) 10,824(14.1)

Gender Male 27,557(35.9) 23,382(84.8) 4,175(15.2) 38.625™
Female 49,170(64.1) 42,521(86.5) 6,649(13.5) (P<0.001)
Twenties 71,033(92.6) 62,077(87.4) 8,956(12.6)

Age Thirties 4,810(6.3) 3,320(69.0) 1,490(31.0) 1873.704"
Forties 700(0.9) 416(59.4) 284(40.6) (P<0.001)
>Fifties 184(0.2) 90(48.9) 94(51.1)




288

Phys Ther Rehabil Sci 11(3)

Table 2. General characteristics of subjects

(n=76,727)(continued)

Variable Categories Total Pass Fail z2(P value)
N(%o) N(%) N(%)
Graduation Graduate 8,562(11.2) 3,578(47.8) 4,984(58.2) 15470.785™"
status prospective graduate |68,165(88.8) 62,325(91.4) 5,840(8.6) (P <0.001)
Gangwon 1,397(1.8) 1,140(81.6) 257(18.4)
Gwangju 13,028(17.0) 10,670(81.9) 2,358(18.1)
Daegu 14,550(19.0) 12,695(87.3) 1,855(12.7)
Examination Daejeon 6,903(9.0) 6,179(89.5) 724(10.5) 417.228"
area Busan 11,314(14.7) 10,044(88.8) 1,270(11.2) (P<0.001)
Seoul 24,609(32.1) 21,019(85.4) 3,590(14.6)
Jeonju 4,476(5.8) 3,734(83.4) 742(16.6)
Jeju 450(0.6) 422(93.8) 28(6.2)

*

“p<0.001
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Table 3. Logistic regression analysis results (n=76,727)
95% C.I
Variable Categories B S.E Odds Ratio  P-value
Lower Upper
Sex Male - — 1 Ref. —
Female 0.016 0.025 1.016 0.528 0.968 1.066
Twenties — — 1 Ref. —
Thirties —0.570 0.040 0.566 <0.001™"  0.522 0.612
Age Forties —0.945 0.094 0.389 <0.001""  0.323 0.467
>Fifties —1.095 0.179 0.335 <0.001™  0.236 0.475
Graduation Graduate — — 1 Ref. -
status Prospective graduate  2.611 0.026 13.616 <0.001™ 12927  14.342
Gangwon — — 1 Ref. —
Gwangju 0.007 0.082 1.007 0.936 0.857 1.183
Daegu 0.349 0.083 1.418 <0.001""  1.206 1.667
Area Dagjeon 0.631 0.089 1.880 <o.oo1: 1.578 2.240
Busan 0.584 0.085 1.793 <0.001 1.519 2.118
Seoul 0.384 0.081 1.468 <0.001""  1.253 1.720
Jeonju 0.184 0.090 1.202 0.042° 1.007 1.435
Jeju 1.143 0.225 3.135 <0.001™"  2.017 4.871
Constant —0.543 0.082 0.581 <0.001"" -
—2 Log likelihood 50874.236
Cox & Snell R 0.140
Nagelkerke R* 0.251
Chi-square 11566.807
Specificity (%) 39.6
Sensitivity (%) 95.5
Classification accuracy (%) 87.6
'p<0.05, ""p<0.001
Table 4. Profit index of decision tree analysis related to pass
Profit index Cumulative index
Category  Node Node Gain Response Index Node Gain Response Index
N Percent N Percent Percent N Percent
10 349  0.6% 339  0.6% 97.1%  113.2% 349 0.6% 339 0.6%  97.1%  113.2%
17 12468 203% 11,729 222% 94.1%  109.6% 12,817 209% 12,068 22.9% 942%  109.7%
15 26343 42.9% 24236 46.0% 92.0%  1072% 39,160 63.8% 36,304 68.9% 92.7%  108.0%
9 3,122 5.1% 2,793 53%  89.5%  104.2% 42282 68.8% 39,097 742% 92.5%  107.7%
18 716 12% 634  12% 885%  1032% 42,998 70.0% 39,731 754% 92.4%  107.7%
Training 16 1411 23% 1240 24% 87.9%  102.4% 44,409 723% 40,971 77.7% 923%  107.5%
dota 19 9588 15.6% 8422 16.0% 87.8%  1023% 53,997 87.9% 49393 93.7% 91.5%  106.6%
200 523 09% 438  0.8% 83.7%  97.6% 54,520 88.8% 49,831 94.5% 91.4%  106.5%
11 3,722 61% 1,772 34% 47.6%  55.5% 58242 948% 51,603 97.9% 88.6%  103.2%
12 1,645 27% 709 13% 43.1%  502% 59,887 97.5% 52312 99.2% 87.4%  101.8%
14 816 13% 250  05% 30.6%  357% 60,703 98.8% 52,562 99.7% 86.6%  100.9%
13 419  07% 98 02% 23.4%  272% 61,122 99.5% 52,660 99.9% 862%  100.4%
5 202 0.5% 55 0.1% 188%  21.9% 61,414 100.0% 52,715 100.0% 85.8%  100.0%
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Table 4. Profit index of decision tree analysis related to pass (continued)
Profit index Cumulative index
Category Node Node Gain Node Gain
Response Index Response Index
N Percent N Percent N Percent N Percent
10 75 0.5% 73 0.6%  97.3% 113.0% 75 0.5% 73 0.6% 97.3% 113.0%

17 3,142 20.5% 2973  225% 94.6% 109.9% 3,217 21.0% 3,046  23.1% 94.7% 109.9%
15 6,523  42.6% 6,000 455% 92.0% 106.8% 9,740  63.6% 9,046  68.6% 92.9% 107.8%
9 784 51% 702 53%  89.5% 104.0% 10,524 68.7% 9,748  73.9% 92.6% 107.6%
18 187 1.2% 172 13%  92.0% 106.8% 10,711  69.9% 9,920  752% 92.6% 107.5%
16 375 24% 324 2.5%  86.4% 100.3% 11,086 72.4% 10,244 77.7%  92.4% 107.3%
19 2,413 158% 2,125 16.1% 88.1% 102.3% 13,499 88.2% 12,369 93.8% 91.6% 106.4%
20 146 1.0% 125 0.9%  85.6% 99.4% 13,645 89.1% 12,494 94.7% 91.6% 106.3%
11 908 59% 404 3.1%  44.5% 51.7% 14,553  95.0% 12,898 97.8% 88.6% 102.9%
12 402 2.6% 189 1.4%  47.0% 54.6% 14,955 97.7% 13,087 99.2% 87.5% 101.6%

Testing
data

14 179 1.2% 53 0.4%  29.6% 344% 15,134 98.8% 13,140 99.6%  86.8% 100.8%
13 105 0.7% 35 03% 333% 38.7% 15239 99.5% 13,175 99.9% 86.5% 100.4%
5 74 05% 13 0.1% 17.6% 20.4% 15,313 100.0% 13,188 100.0% 86.1% 100.0%

Table S. Profit index of decision tree analysis related to fail

Profit index Cumulative index

Category Node Node Gain Node Gain

Response Index Response Index
N Percent N Percent N Percent N Percent

5 292 0.5% 237 2.7% 81.2% 573.0% 292 0.5% 237 2.7% 81.2% 573.0%
13 419 0.7% 321 3.7% 76.6% 540.9% 711 1.2% 558 6.4% 78.5% 554.1%
14 816 1.3% 566 6.5%  69.4% 489.7% 1,527  2.5% 1,124 129% 73.6% 519.7%
12 1,645  2.7% 936 10.8% 56.9% 401.7% 3,172 52% 2,060 23.7% 64.9% 458.5%
11 3,722 6.1% 1,950 22.4% 52.4% 369.9% 6,894 11.2% 4,010 46.1% 58.2% 410.6%
o 20 523 0.9% 85 1.0% 16.3% 114.7% 7,417 12.1% 4,095 47.1% 552% 389.8%
Z:;m“g 19 90588 15.6% 1,166 134% 122%  859% 17,005 27.7% 5261 60.5% 309%  218.4%
16 1,411 23% 171 2.0%  12.1% 85.6% 18,416 30.0% 5432 62.4% 29.5% 208.2%
18 716 1.2% 82 09%  11.5% 80.9% 19,132 31.2% 5,514 63.4% 28.83% 203.5%
9 3,122 5.1% 329 3.8% 10.5% 74.4% 22,254 36.2% 5,843 67.2% 26.3% 185.4%
15 26,343 42.9% 2,107 242% 8.0% 56.5% 48,597 79.1% 7,950 91.4% 16.4% 115.5%
17 12,468 20.3% 739 85%  5.9% 41.8% 61,065 99.4% 8,689 99.9% 14.2% 100.5%
10 349 0.6% 10 0.1% 2.9% 20.2% 61,414 100.0% 8,699 100.0% 14.2% 100.0%
5 74 0.5% 61 2.9% 82.4% 594.0% 74 0.5% 61 2.9% 82.4% 594.0%
13 105 0.7% 70 3.3% 66.7% 480.4% 179 1.2% 131 6.2% 73.2% 527.4%
14 179 1.2% 126 5.9%  70.4% 507.2% 358 23% 257 121% 71.8% 517.3%
12 402 2.6% 213 10.0%  53.0% 381.8% 760 5.0% 470 22.1% 61.8% 445.6%
11 908 5.9% 504 23.7% 55.5% 400.0% 1,668 10.9% 974 45.8% 58.4% 420.8%
) 20 146 1.0% 21 1.0%  14.4% 103.6% 1,814 11.8% 995 46.8% 54.9% 395.3%
ZZtS:mg 19 2,413 15.8% 288 13.6% 11.9% 86.0% 4,227 27.6% 1,283  60.4% 30.4% 218.7%
16 375 24% 51 2.4% 13.6% 98.0% 4,602 30.1% 1,334  62.8% 29.0% 208.9%
18 187 1.2% 15 0.7% 8.0% 57.8% 4,789 313% 1,349 63.5% 28.2% 203.0%
9 784 5.1% 82 3.9% 10.5% 754% 5,573 36.4% 1,431 67.3% 25.7% 185.0%
15 6,523  42.6% 523 24.6% 8.0% 57.8% 12,096 79.0% 1,954 92.0% 16.2% 116.4%
17 3,142 205% 169 8.0%  5.4% 38.8% 15238 99.5% 2,123 99.9% 13.9% 100.4%

10 75 05% 2 0.1% 2.7% 19.2% 15,313 100.0% 2,125  100.0% 13.9% 100.0%
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Table 6. Validation of decision tree analysis

Sample Estimate Standard error
Training data 0.123 0.001
Testing data 0.120 0.003
Table 7. Correct classification of decision tree analysis
Predicted
Category Observed
Pass Fail Percent Correct
Fail 4,010 4,689 46.1%
Training
Pass 2,884 49,831 94.5%
data
Overall Percentage 11.2% 88.8% 87.7%
Fail 974 1,151 45.8%
Testing
Pass 694 12,494 94.7%
data
Overall Percentage 10.9% 89.1% 88.0%
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