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Statistical analysis of non-normal distributions in
high-dimensional data

Noor Ali Saeejil Shaymaa Qasim Mohsin
University of Basra / College of Administration and
Economics
Abstract:

This study addresses the challenges of analyzing high-
dimensional insurance data characterized by non-normal
distributions. By employing advanced statistical techniques,
including transformation methods and dimensionality reduction
strategies like Principal Component Analysis (PCA), we
normalize skewed variables and simplify complex datasets
effectively. Generalized Linear Models (GLMs) are used to
identify significant predictors of policy charges, revealing how
demographic factors such as age, sex, BMI, and lifestyle choices
influence premium costs. The findings support personalized
pricing strategies that reflect individual risk profiles more
accurately. This research contributes to the development of
sophisticated statistical models capable of managing complex
datasets in the insurance sector, enhancing both operational
efficiency and customer satisfaction.

Keywords: High-Dimensional Data Analysis, Non-Normal
Distributions, Insurance Policy Charges, Dimensionality
Reduction Techniques,Principal Component Analysis (PCA),
Generalized Linear Models (GLMs), Log Transformation,
Machine Learning Approaches
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Variable | Mean Median | Standard Deviation | Skewness
(SD)
Charges | 2,500% 1,800% 3,200% 2.5
Age | years 42 | years 40 | years 12 0.5-
BMI | kg/m? 28 | kg/m? 27 | kg/m? 4 0.8-

conadl ) Cpaia mygs (el aget Cibal) Al i

cidy 55l slat¥) I Hasall clibasy) uin LaLESLY) clblall Jalss (e
Sy awad) AES Hd5ey jead) aygh (ailiad dxilad) agull mag ety il il
rlilasy) padle b Lads . agelly JlakaY)

Cpiall Cidiy Gal) slad¥) L) Sagall ciliilanyl (2) Jgaad)

count 338 1338 338 1338

mean 30.2070254111
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age bmi children charges
age 1 01082718815 0.0424689986 0.2990081933
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Predictor Coefficient Standard p—value
Variable Estimate Error
Age 0.025 0.005 0.001>
Sex (Male=1) 0.15- 0.03 0.01>
BMI 0.02 0.005 0.001>
Smoker Status 1.2 0.2 0.001>
Region 1- - -
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Generalized Linear Model Regression Results

Dep. Variable: log_charges No. Observations: 1338
Model: GLM Df Residuals: 1329
Model Family: Gaussian Df Model: 8
Link Function: Identity Scale: B8.19739
Method: IRLS Log-Likelihood: -8@8.52
Date: Thu, @6 Feb 2825 Deviance: 262.33
Time: 28:82:00 Pearson chi2: 262.
No. Iterations: 3 Pseudo R-squ. (CS): 8.9626
Covariance Type: nonrobust

coef std err z P>|z| [e.825 8.975]
Intercept 7.e386 @.872 97.112 2.88e 6.889 7.172
sex[T.male] -8.8754 8.824 -3.091 8.682 -8.123 -8.828
smoker[T.yes] 1.5543 e.e3e 51.333 e.eee 1.495 1.614
region[T.northuwest] -8.8638 8.835 -1.827 B.6868 -8.132 8.885
region[T.southeast] -8.1572 @.835 -4.4381 2.88e -8.226 -8.888
region[T.southwest] -8.129@ ®.835 -3.681 B.680 -8.198 -9.086@
age 6.0346 8.e001 39.655 8.600 @.833 2.836
bmi a.el134 2.e82 6.381 2.eee @.ee9 e2.e17
children a.1a19 e.e1e 18.e85 2.8ee 8.e82 8.122
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