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Two-Way ANOVA analysis on individual medical costs with age and

sex as predictors

This dataset contains individual medical costs billed by health insurance for individuals of various ages.
We will analyze the effect of select factors on the medical cost as well as potentialinteractions between

them.

The variables examined are Charges as a dependent variable and Sex, Age as factors. The dataset is

modified to be used for Two-Way ANOVA

Isalos version used: 2.1.2

Dataset: https://www.kaggle.com/datasets/mirichoi0218/insurance

Step 1: Data preparation

Import dataset and rename the tab to “Data”. Go to Data Transformation — Data Manipulation —
Select Column(s), transfer “Col3 —age group”, “Col4 -- sex”, “Col9 -- charges” to the “Included

Columns” and click “Execute”

Select Column(s)

® Select Columns Manually Col2

Col5 -
Col6 -
Col7 -
Col8 -

Excluded Columns

-- age

bmi
children
smoker
region

Cancel

Included Columns
Col3 -- age group
Col4 - sex
Col9 -- charges

>>

<<
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Col1 Col2 (S) Col3(S) Col4 (D)
User Header

il male 17255523
2 male 163.4627
3 female 14283.4594
4 male 1272.33139
5 male 17203537
6 male 172754
7 female 213448467
8 male 1708.92575
9 female 38792.6856
10 female 1621.8827
n male 1136.3994
12 male 11315066
13 male 36307.7983
14 male 1146.7966
15 female 2217.6012
16 male 1712.227
7 —_ 34617.8406
18 female 7'{634.5734 7
19 female 2801.2588
20 male 33732.6867
21 male 2304.0022
22 male 121.8739

Step 2a: Full Two-Way ANOVA

Create a new tab named “Interactions” and import the spreadsheet from the “Data” tab. To perform
the analysis, go to Statistics — Analysis of (Co)Variance — Two-Way ANOVA and select “age group” as
Factor A, “sex” as Factor B and “charges” as Response Variable.

Two-Way ANOVA

FactorA [ Col2 - age group v)
FactorB [ Col3 - sex v )
Response Variable [ Col4 - charges v)

Residual Analysis & Assumption's Checks

Step 2b: Residual Analysis & Assumption’s Checks

Click on Residual Analysis & Assumption’s Checks and check the Anderson-Darling Test box under
“Statistical Tests”, Normal Q-Q Plots and Histogram of Residuals boxes under “Plots”. Check the
Levene’s Test box under “Statistical Tests” and Residuals vs Fitted Values box under “Plots”. Click
Save and then Execute.
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Residual Analysis & Assumption's Checks

—— Normality of Residuals —— —— Homogeneity of Variance ——
(Homoscedasticity)

Statistical Tests Statistical Tests

C] Shapiro-Wilk Test Levene's Test

Anderson-Darling Test O Brown-Forsythe Test

C] Kolmogorov-Smirnov Test O Bartlett's Test (For normal data)
Plots Plots

Normal Q-Q Plots Residuals vs Fitted Values

Histogram of Residuals D Residuals vs Dependent Variable

C] Density Plot of Residuals [:] Boxplots by Group

[:] Violin Plot by Group

Residual Diagnostics ——

Model Adequacy

Plots Plots
O Residuals vs Observation Order I:] Residuals vs Fitted values
D Residuals vs Each Factors

A window with the tests results and requested plots appears:

Two-Way ANOVA
Normality of Residuals
Statistical Tests
Normality Test Statistic Prob P-value Decision
Anderson Darling 167.066 1.000 0.000 Reject Null Hypothesis
Normal Q-Q Plot Histogram of Residuals
53180.1805 & B0 S
437141802 449.8667
w
% 3424818 3936333
€ 247821798
" a
3 153161706 5 3374
o 58501793 é 2811667
Q .3615.8209 =
o - e
E 13081821 - © 2 24850
-22547.8213 168.7
-32013.8216 12.4667
429550052 143183351 14318.3351 42955.0
Theoretical Quantiles 56,2333
0
® Data Points ® Reference Line 126228279 90037146 300
® Upper Band @ LowerBand Residuals
\< >

Expand window to view all of the results and plots. Double-clicking on any plot opens itin a new
window. The results are shown in the right spreadsheet:



Isalos Analytics Platform NovaMechanics Ltd

Colt Col2 (S) Col3 () cola(D)  Col5(D) col6 (D)  Col7 (D)
User Header
Factor A: age 1584194507 | 396048626
E group .4 14401525 86003814 ‘29'3024468‘0'0 |
660149998. | 660149998.
2 Factor B:sex |1 106205 | 1106205 .4.8842513 ‘0.0272729 .
Interaction:
. 80897813.4 (202244533
3 :egrotp 4 Saess o 01496346 |0.9631909
| 11793558506/135158892.7| |
g i e |18.06378 038913
1959388435|
5 Total 1336 0402728

Step 3: Main Effects Two-Way ANOVA

Create a new tab named “Main Effects” and import the spreadsheet from the “Data” tab. To perform
the analysis, go to Statistics — Analysis of (Co)Variance — Factorial ANOVA and enter “95” for

Confidence Level (%), “charges” as Dependent Variable, move all columns to Factors and select
“Main Effects” as Formula Type. Click on Residual Analysis & Assumption’s Checks and perform the
tests like in Step 2b. Click Execute

Factorial ANOVA

Confidence Level (%) 95

Dependent Variable ( Cold -- charges v)
Sum of Squares for Tests (Adjusted (Type 1) 'J
Coding for Factors ( “1,0,+1) v)

Excluded Columns [ Factors 7]
Col2 - age group
Col3 - sex

<<

FormulaType:  (O) Custom (@ Main Effects (O Full Factorial

age group + sex
Formula:

Residual Analysis & Assumption's Checks

Test results and plots appear in a new window, analysis results are shown in right spreadsheet:
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Factorial ANOVA
Normality of Residuals
Statistical Tests
Normality Test Statistic Prob P-value Decision

Anderson Darling 167.648 1.000 0.000 Reject Null Hypothesis

Normal Q-Q Plot Histogram of Residuals
52860.5886 o 509.25
434310991 452.6667
w
Q@ 34001 7
> 24001.609 396.0833
€ 245721203
g 151426309 5, 3395
v
@ 5713141 S 2829167
Q  .3716.348 2
E o
B 131458374 o E‘ 2268338
-22576.3268 16976
-32004.8163 131667
-42964.0581 -14321.3527 14321.3527 42964.0!
Th : ; 56.5833
eoretical Quantiles
0
® Data Points @ Reference Line 12418.0065 90306235 30¢
® UpperBand @ Lower Band Residuals
v
< ]
Col1 Col2 (S) Col3 () Col4 (D) Col5 (D) Col6 (D) Col7 (D) Col8 (S)

1596317302 | 399079325
1 age group 4 127826 5319565 29.6223428 0.0 Yes
781377944. 781377944.
2 sex 1 0877014 9877014 57999109 0.0161622 |Yes
1793155204 134722404.
= —— 1331 84.63818  |5714787
1959388435
4 Total 1336 04.0271
® Data @ Interactions
Select Col(s) - done 2W ANOVA - done
® Main Effects
Fact ANOVA - done




