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Introducing the Dataset

Veri seti boyutu: (668, 6)
Eksik degerler:

ik 5 satar: Customer Key 5
Customer Key Avg Credit Limit Total Credit Cards Total visits bank . -

8 37873 186606 2 1 Avg Credit_Limit 8

1 38414 SE088 @ Total Credit Cards 8

2 1734l >9ee8 7 1 Total visits bank B

3 49496 30000 5 1 - - ]

4 47437 160000 a o Total visits online &

Total calls made g
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DESCRIPTIVE STATISTICS

Tanimlayici Istatistikler:

Avg Credit Limit Total Credit Cards Total visits bank \

count 660 . 8808060 660 . eeeBe0 o608 . bboaba

mean 34574 .242424 4.78608061 2.483a36e

std 37625 .487884 2.167835 1.631313

min 3800 .886008 1.886006 B.08660e

25% 18600 . 6aa0ee J.8ogBen 1.6880060

S8% 15600 . 6ec0ee 5 .eogBen 2.680068

75% 45600 . 688008 6.8006a8 4.608068

max 286600 . 0egbea 16.880680 L.0Bgo6a
Total visits online Total calls made

count o6 . BBgbeg 660 . 680aae

mean 2.686861 3.583333

std 2.935724 2.865317

min 8 .0ea006 8.a88e8e

25% 1.068660066 1.886808

S8% 2 .006008 3 .886808

75% 4.6080668 5.8e0000

max 15.8680688 16 .860060




Korelasyon Matrisi
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Scatter Plot Matr
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Boxplots -
Correlation Matrix
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Fuclidean Distance Distribution -Euclidean Distance
Matrix

(jk"d Mesafe Daﬁl'lml i Oklid Mesafe Matrisi (Tum Gézlemler Arasi)

—-=—- Ortalama: 2.861
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The first chart shows frequency of distance values, with an average of 2.861 and data
peaking around 3.

The second chart represents distances between observations with colors, where dark
indicates low and light indicates high distances, with the diagonal showing zero distance



Hierarchical Clustering

Ward, Complete, Average, Single dendogram
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2 kime icin dagilim:
Kime 1: 223 gdzlem

) . ) Kime 2: 437 gdzlem
Hiyerarsik Kimeleme Dendrogrami (Ward Linkage)

3 kiime icin dagilim:
50 1 Kime 1: 223 gdzlem
Kime 2: 58 gdzlem
Kime 3: 387 gozlem

407 4 kime icin dagilam:
Kime 1: 223 gbzlem
Kime 2: 58 gozlem
Kime 3: 132 gdzlem
30 1 Kime 4: 255 gdzlem
£ 5 kiime icin dagilam:
Kime 1: 223 gdzlem
20 Kime 2: 5@ gdzlem
Kime 3: 132 gdzlem
Kime 4: 183 gdzlem
Kime 5: 152 gdzlem
10 -

| 6 kime icin dagilim:

MmO ARNAM A iy
Kime 2: 129 gdzlem

0 d] FT [W r] —1 HT r[{- rj FT Kime 3: 5@ gdzlem
nafffEfiEefEey"dififiEggEgNfEgsigee”jygdngogpnegsggeegggagsgegs Kime 4: 132 gdzlem
S S kume Boyuw 07 Kime 5: 102 gozlem
Kime 6: 152 gdzlem

The chart displays a hierarchical clustering dendrogram using the Ward Linkage method, with distance
values reaching up to 50, though clusters mostly merge at lower distances (0-10 range).

The text lists the number of observations in each cluster for different cluster counts (2-6); for example,
with 2 clusters, the 1st cluster has 223 and the 2nd has 437 observations.




Elbow Method (WCSS) Optimal Kesim Yerleri
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According to the "Optimal Cutting Points" chart, the 3-cluster choice is marked as an optimal cut point at
approximately 20 distance levels, suggesting that dividing the data into 3 groups is appropriate. The "Elbow
Method (WCSS)" chart also supports this, as 3 clusters appear where WCSS stabilizes after a noticeable drop.



3 Kime Analizi:

Silhouette Skoru: @.517
Kime 1: 223 gdzlem (33.8%)
Kime 2: 58 gozlem (7.6k)
Kime 3: 387 gdzlem (58.6%)

4 Kime Analizi:

Silhouette Skoru: @.372
Kime 1: 223 gdzlem (33.8%)
Kime 2: 58 gdzlem (7.6%)
Kime 3: 132 gdzlem (20.8%)
Kime 4: 255 gdzlem (38.6%)

3 Kime - Ozellik Ortalamalari:
Avg Credit Limit Total Credit Cards

Cluster

1 12197.389417 2.483587

2 182660 . 2300000 8.7480008

3 33713.1782085 5.511628
Total visits online Total calls made

Cluster

1 3.553812 6.883488

2 2.1200080 1.888000

3 8.934496 2.885168

4 Kime - 0Ozellik Ortalamalari:
Avg Credit Limit Total Credit Cards

Cluster
1 12197.389417 2.483587
2 1826608 . 888866 8.7488008
3 58916.666667 5.583333
4 28666.666667 5.474518
Total visits online Total calls made
Cluster
1 3.553812 6.833408
2 2.1200080 1.888000
3 B.84B8485 1.989891
4 1.854982 2.8540082

Total visits bank

8.928251
8.6e8600
3.485788

Total visits bank

8.928251
8.668000
3.113636
3.678431



4 Kiume icin Dendrogram

3 Kime icin Dendrogram
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Silhouette Analysis

3 Kime - Silhouette Analizi 4 Kume - Silhouette Analizi
Ortalama Skor: 0.517 Ortalama Skor: 0.372
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"K-Means Clusters (PCA)" chart shows 3 clusters (red, blue,

green) with centroids (X); PCA explains 81.79% of variance, e "3 Clusters - Silhouette": Average 0.517, cluster
indicating good separation. 2 (yellow) well-separated.

"Silhouette Analysis" chart, with an average score of 0.517, e "4 Clusters - Silhouette": Average 0.372, cluster
confirms 3 clusters are suitable, especially for green and 4 (gray) negative, 3 better.

blue clusters. e Conclusion: 3 clusters best.

"Cluster Size Distribution" pie chart shows clusters
distributed as 58.5% (red), 33.9% (green), and 7.6% (blue).
Conclusion: 3 clusters well represent the data.



Elbow Method
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Optimal k degeri analizi:
WC55=194%9 .98, Silhouette=06.428

k=2:
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Birlesik Analiz

L I
—8— WCSS

—e— Silhouette (scaled)

K-Means k=3 Sonuclari:
Silhouette Skoru: @.517
WC55: 998.47

Kime @: 386 gdzlem (58.5%)
Kime 1: 5@ gdzlem (7.6%)
Kime 2: 224 gdzlem (33.9%)

K-Means k=4 Sonuclari:
Silhouette Skoru: 8.381
WCS5: 813.87

Kime @: 223 gdzlem (33.8%)
Kime 1: 5@ gdzlem (7.6%)
Kime 2: 223 gdzlem (33.8%)
Kime 3: 164 gdzlem (24.8%)




Kime Merkezleri (Normalize edilmis):
Avg Credit Limit Total Credit Cards

e 2.874275 @.373608
1 2.492325 1.862226
2 -8.684315 -1.859623

Total visits online Total calls made

e -8.027388 -@.553885
1 2.563922 -8.874338
2 8.589544 1.14818%9

Kime Merkezleri (Orijinal olcek):
Avg Credit Limit Total Credit Cards

e 33782.383426 5.515544
1 1826608. 008800 8.748808
2 12174.187143 2.41a714

Total visits online Total calls made

e 8.981365 2.8a00aa
1 8.1808608 1.830068
2 3.546875 6.878536

K=3

Total visits bank A
8.6663095
-1.185763
-8.981518

Total visits bank A
3.489637
B.600008
©.933836

Kime Profilleri:
Avg Credit Limit

Total Credit Cards

mean std count
Cluster
B 33782.283420 22169.468696 386
1 1826608 .0860080 5161.118373 e
2 12174.187143 5240,848524 224
Total visits bank
count mean std count
Cluster
& 386 3.489637 1.135563 386
1 sa B8.0808868 6.494872 58
2 224 8.923826 ©.883567 224
Total calls made
count mean std count
Cluster
5 380 2.0806688 1.420048 386
1 sa 1.880688 8.87091%5 5a
2 224 0.8785306 1.996161 224

mean

std

5.515544 1.148869
8.7488aa 1.274715
2.418714 1.168753

Total visits online
mean

2.981865
8.138888
3.546875

std

8.857167
8.612456
1.18718a%
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Silhouette Analizi
K-Means Kumeleri (PCA) Ortalama Skor: 0.517 Kime Boyut Dagilimi
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PC1 (%47.2 varyans) Silhouette Katsayis

"K-Means Clusters (PCA)" chart shows 3 clusters (red, blue, green)
with centroids (X); PCA explains 81.7% of variance, indicating good K-Means (k=3) Sonuc Ozeti:

fe!aaration. - | f . Silhouette Skoru: @.517
Silhouette Analysis" chart, with an average score of 0.517, confirms WCSS: 008 47

3 clusters are suitable, especially for green and blue clusters. .

- , .UI L i , LTI E - , u. PCA ile aciklanan toplam varyans: %81.7
"Cluster Size Distribution" pie chart shows clusters distributed as
58.5% (red), 33.9% (green), and 7.6% (blue).

Conclusion: 3 clusters well represent the data.



K —

K=4 Kime Merkezleri (Normalize edilmis):

5 B 587146 6 384434 B 802533 Avg Credit Limit Total Credit Cards \
1 2.492325 1.862226 -1.185763 nean std count mean std
2 -0.683500 ~1.062013 -9.984453 Cluster
3 5 258353 6 131082 B 477615 B 17295.964126  9995.951428 223 C.497758 1.134529
1 182668.0860808  5161.118373 1 8.748688 1.274715
Total visits online Total calls made 2 12197.389417  5249.332169 223 2.483587 1.0898063
o T g s1377C . c7E504 3 56836.585366 12610.196587 164 5.538488 1.153409
1 2.563922 -8.874338
2 8.512620 1.1526@85 Total wvisits bank Total visits online Y,
3 -8.643053 -@.51782@ count mean std count mean std
Cluster
K=4 Kime Merkezleri (Orijinal &lcek): & 223 3.788528 1.115117 223 1.817937 8.852311
Avg Credit Limit Total Credit Cards Total visits bank 1 5@ A .60RRRA A .404872 S 2.1R800668 6.612456
e 17228.728721 = - 435485 3.711712 2 223 §.928251 @.882171 223 3.553812 1.185221
1 1e2660. boanos 8.749068 9.0088009 3 164 3.182927 1.897996 164 §.930824 B.855836
2 12197.389417 2.483587 8.928251
3 55983.8383283 5.533333 3.181818 Total calls made
o . count mean std count
Total visits online Total calls made Cluster
© 1.913514 1.932832 B 223 1.941784 1.4@18e4 223
1 2.12300688 1.826808
5 3 ccamio 5 223402 1 1) 1.886888 @.3878015 =t}
3 o oacass 5 162838 2 223 6.883488 1.085271 223
3 164 2.991463 1.472921 164

Avg Credit Limit Total Credit Cards

A

Total visits bank \

K=4 Kime Profilleri:




Avg Credit Limit Dagilimi (K=4)
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K=4 Silhouette Analizi
K-Means Kumeleri K=4 (PCA Ortalama Skor: 0.381 K=4 Kume Boyut Dagilimi

oo o e KimeoO 700 - ﬂ:
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PC1 (%%47.2 varyans) Silhouette Katsayisi
"K-Means Clusters K=4 (PCA)" chart shows 4 clusters (red, blue, K-Means (k=4) Sonuc Ozeti:

Silhouette Skoru: 8.381

green, yellow) with centroids (X); PCA explains 47.2% variance, WCSS: 81387

clusters appear separated.

"K=4 Silhouette Analysis" chart, with an average score of 0.381, K=3 vs K=4 Karsilastirmasi:

indicat derat tion for 4 clust th luster (2 K=3 Silhouette: 8.517, WCSS: 998.47
indicates moderate separation for 4 clusters, with green cluster (2) k=4 Silhouette: ©.381. WCSS: 813.87
showing good separation.

"K=4 Cluster Size Distribution" pie chart shows clusters distributed as E“ZE bg;;t :gézi“‘la"“
33.8% (red), 33.8% (green), 7.8% (blue), and 24.8% (yellow). ‘a. %223 . 223]154]

Conclusion: 4 clusters support separation, but the score is lower than
for 3 clusters.



DBSCAN

K-Distance Grafigi (k=4) K-Distance Gradyan Kime Sayisi (eps vs min_samples)
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K-Distance Graph (K=4) shows a knee point around 1.5, indicating a suitable eps value for DBSCAN.

K-Distance Gradient" chart reflects data density, with a sharp increase between 400-600, marking a critical clustering region.
Silhouette Score (eps vs min_samples) table gives the highest score of 0.45 with eps=0.3 and min_samples=4-5, indicating good
separation.

Noise Points (eps vs min_samples) table shows the lowest noise count (3-4) with eps=0.3 and min_samples=4-5, supporting
these settings as optimal.

Conclusion: eps=0.3 and min_samples=4-5 provide the best clustering performance.
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DBSCAN Algoritmasi Ozeti:

Toplam 2 kime bulundu

2 gilrdltd noktasi tespit edildi
Gorultd orani: %8.3

S5ilhouette Score: 8.51%

DBSCAN Clusters (PCA) chart shows 2 clusters (red, yellow) and noise (X) points; separation is clear, noise ratio is low.
DBSCAN Cluster Distribution pie chart indicates clusters as 92.1% (cluster0), 7.6% (cluster1), and 0.3% noise.
Avg_Credit/Limit Distribution bar chart shows clusterO has a higher average credit limit, while cluster1 is lower.
Total_Credit_Cards Distribution bar chart reveals clusterO dominates in credit card numbers.
"Total_visits_bank", "Total_visits_online", and "Total_calls_made" bar charts show clusterO has higher frequencies across all

categories.

Conclusion: ClusterO is the dominant group, clusteri is smaller, and noise impact is minimal.
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3 kime icin secilen parametreler:
eps: @./7908800000000001
min samples: 5

3 Kime DBSCAMN Sonuclari:
Gercek kime =sayisi: 3
GUrdltd noktasi sayisi: 15
GUrdltd orani: 2.3%
S5ilhouette 5Score: @.188

Kime dagilimi:
Girdltid: 15 nokta
Kime &: 592 nokta
Kime 1: 4 nokta
Kime 2: 49 nokta
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DBSCAN 2 Kume vs 3 Kume Karsilastirmasi
Parametre 2 Kime DBSCAN 3 Kime DBSCAN
eps 0.900 0.700
min_samples 3 5
Kime Sayisi 2 3
Gurultu Sayisi 2 15
Gurultu Orani 0.3% 2.3%
Silhouette Score 0.519 0.108




CONCLUSION

In this study, three different clustering algorithms (Hierarchical, K-Means, and DBSCAN) were compared. Based on
the analyses and evaluation metrics, the K-Means algorithm provided the most successful results. Particularly for k=3,
the average silhouette score reached its highest value of 0.517, and the clusters were clearly separated in the PCA
plane. The Elbow method also supports this finding.

Hierarchical clustering produced visually meaningful results, but at k=3 and k=4 cuts, some clusters overlapped. The
silhouette score was also lower compared to K-Means.

The DBSCAN algorithm successfully identified some noise points in the dataset but showed weaker performance with
a low silhouette score and a smaller number of clusters.

Overall, K-Means was determined to be the most suitable clustering method for this dataset.



