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A Data Mining Procedure for Unbalanced Binary Classification

Han-Na Jung - Jeong-Hwa Lee + Chi-Hyuck Jun

Department of Industrial and Management Engineering, Pohang University of Science and Technology

The prediction of contract cancellation of customers is essential in insurance companies but it is a difficult
problem because the customer database is large and the target or cancelled customers are a small proportion of
the database. This paper proposes a new data mining approach to the binary classification by handling a
large-scale unbalanced data. Over-sampling, clustering, regularized logistic regression and boosting are also
incorporated in the proposed approach. The proposed approach was applied to a real data set in the area of
insurance and the results were compared with some other classification techniques.
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Figure 1. Proposed Classification Procedure
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Table 1. Confusion Matrix of Binary Classification
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A Data Mining Procedure for Unbalanced Binary Classification

Table 2. Variables Representing Customers Attributes

Heas Wy R AFas LR g
C1 01 3z D C1.19 A kA A &L A} Interval
Cl 02 LANE ID Cl1.20 A F2p A Interval
Cl1 03 A <A} Interval Cl 21 A AT 7% el Nominal
Cl1_04 gy Ordinal Cl 22 A A7 & el Nominal
C1.05 @71z Interval Cl1 .23 A FAL-HA S Nominal
C1.06 S Nominal Cl 24 AFAZAEE Interval
C1.07 YR Interval Cl1.25 Al kA Binary
C1 08 ok Binary Cl1.26 A ek 2 o 7 Nominal
C1 09 kAt = Nominal Cl1_27 EHAAANNS D
Cl1 10 G EY Interval C1.28 FFAANNT D
Cl 11 kAT &7 interval C1.29 BESER Nominal
Cl 12 L Binary C1.30 AEZALRE Nominal
C1.13 Bedat Interval C1_31 HEIA/YAH Interval
Cl_14 Al ok 2} Interval C1.32 HRFPAZAIAE Interval
C1_15 B FAFH7| LA Interval C1.33 Y RE2AAE Nominal
Cl 16 HFEU3l Interval Cl 34 AR PAA A Nominal
Cl 17 A <F218HY Nominal Cl1.35 THIAE Binary
Cl1 18 A A A E T Binary
Table 3. Modification of Some Variables
W 71E LR W& o9
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SRR FETRY rag gajg | (ESANS TR 8BS AT a
Cl_14 N Aok A |k A7zt | C1EL-AY) AFLzRH | B3It d
Cl_I5.N 511_;;7 ]‘:jzjf gh7] 2o 7|3k gﬁ] %'ZEEHW] 7hEE AR A Ll
Cl_16_N AZFAAT T 9dd (13 RPExAZF FU3+) 4
Cl 24 N AlAEAAE Ak dAdel | (ZIEd-AA =) el
CI_32N | JRdA 2AdE | JRIA el | (7EL-JRIA 24Y) ol
of A $ AFA dolHE AR st W A vlolHAA Zt S 29 7o HIES W AIE <E 49
W8-S <3E 3>l YERAR UER AT
33 oM A=Y Table 4. Sample Sizes before and after Oversampling
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Before After
Oversampling Oversampling
Cancelled customers 1557(3.9%) 20241(34.5%)

Continuing customers

38443(96.1%)

38443(65.5%)

Total

40000(100%)

58684(100%)
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Table 5. Numbers of Cancelled Customers by Clusters
Cluster no. # Customers # Cancelled customers(%)
Clusterl 15275 6396(41.9%)
Cluster2 8544 2145(25.1%)
Cluster3 6296 2496(39.6%)
Cluster4 3918 1495(38.2%)
Cluster5 4955 1053(21.3%)
Cluster 4031 1092(27.1%)
Cluster7 7337 2275(31.0%)
Cluster8 8328 3289(39.5%)
Total 58684 20241(34.5%)
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Table 6. Classification Result at Step 1

Classified
cancelled | continuing total
cancelled 2 1555 1557
True: | continuing 9 38434 38443
total 11 39989 40000
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Table 7. Classification Result at Step 2

Classified

continuing
1256
35184
36440

total

1557
38443
40000

cancelled
cancelled 300
3259
3559

True: | continuing

total
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Table 8. Classification Result at Step 3

Classified

continuing
1048
33399
34447

cancelled
cancelled 509
5044
5553

continuing

total
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Table 9. Classification Result at Step 4(Proposed method)

Classified
cancelled | continuing total
cancelled 613 944 1557
True: continuing 4524 33919 38443
total 5137 34863 40000

Target accuracy after each step
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Figure 2. Target Accuracies by Steps
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Table 10. Computation Times of Two Optimization Methods

Table 11. Accuracies by Clusters of Other Classification

Methods

Cluster No. | Proposed Method | Decision Tree LDA
Clusterl 0.3463 0.3600 0.4046
Cluster2 0.3394 0.4770 0.3366
Cluster3 0.4104 0.3589 0.3869
Cluster4 0.4609 0.4713 0.3466
Cluster5 0.5494 0.4790 0.3589
Cluster6 0.4219 0.4077 0.3509
Cluster7 0.3829 0.4786 0.3514
Cluster8 0.4257 0.4697 0.3352
Total 0.3936 0.4204 0.3684

Step No. TRON(sec) L-BFGS(sec)

Step 1 5.0 42.6

Step 2 5.6 63.0

Step 3 26.0 358.8

Step 4 159.7 1793.8
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Table 12. Target Accuracies by Steps for Test Dataset

Step No. Proposed Method(%) Decision Tree
Step 1 0.64
Step 2 14.47
Step 3 35.05 31.51
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