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Factorial ANOVA analysis on housing prices based on amenities and
environment

This dataset contains house prices and the corresponding amenities, properties of the buildings and
surrounding area. We will analyze the effect of such properties on the price as well as potential
interactions between them.

The variables examined are Sale Price as a dependent variable and Central AC, Building Type and
Residential Density as factors. Dataset is modified to be used for Factorial ANOVA

Isalos version used: 2.1.5

Dataset: https://www.kaggle.com/datasets/prevek18/ames-housing-dataset

Step 1: Data preparation

Import dataset and rename the tab to “Data”. Go to Data Transformation — Data Manipulation —
Select Column(s), transfer all columns to the “Included Columns” and click “Execute”

Select Column(s)

Excluded Columns Included Columns
@ Select Columns Manually Col2 - CentralAir
Col3 -- HomeType
Col4 -- MSZoning

Col5 - SalePrice
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Col1 Col2 (S) Col3(S) Cola (S) Col5 (1)
User Header

1 Y 1Fam RL 215000
2 Y 1Fam RL 172000

3 Y 1Fam RL 244000
a4 Y 1TFam RL 189900
5 Y 1Fam RL 195500
6 Y MultiFam RL 213500
7 1Y MultiFam RL 191500

8 Y MultiFam RL 236500
9 ¥ 1Fam RL 189000
10 Y 1Fam RL 175900
n .4 1Fam RL 185000
12 Y 1Fam RL 180400
13 Y 1Fam RL 171500

1 ¥ MultiFam RL 212000
15 Y 1Fam RL 538000
16 Y 1Fam RL 164000
7 Y 1Fam RL 394432
18 Y 1Fam RL 141000

Step 2a: Full Factorial ANOVA

Create a new tab named “Full Factorial” 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 (%), “SalePrice” as Dependent Variable, move all columns to Factors and select “Full
Factorial” as Formula Type.

Factorial ANOVA

Confidence Level (%) 95

Dependent Variable ( Col5 - SalePrice vj
Sum of Squares for Tests [Adjusted (Type 1) 'J
Coding for Factors ( “1,0,+1) v)

Excluded Columns [ Factors
Col2 - CentralAir
>>

Col3 -~ HomeType
Col4 -- MSZoning

<<

FormulaType: () Custom O Main Effects @ Full Factorial

CentralAir + HomeType + MSZoning + CentralAir:HomeType + Centra
Formula:
< >

Residual Analysis & Assumption's Checks

2
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Step 2b: Residual Analysis & Assumption’s Checks

Click on Residual Analysis & Assumption’s Checks and check the Shapiro-Wilk Test box under
“Statistical Tests”, Normal Q-Q Plots and Density Plot of Residuals boxes under “Plots”. Check the
Brown-Forsythe Test box under “Statistical Tests” and Violin Plot by Group box under “Plots”. Click

Save and then Execute.

Residual Analysis & Assumption's Checks

—— Normality of Residuals

Statistical Tests

Shapiro-Wilk Test
D Anderson-Darling Test
D Kolmogorov-Smirnov Test

Plots

Normal Q-Q Plots
D Histogram of Residuals

Density Plot of Residuals

- Residual Diagnostics

Plots
D Residuals vs Observation Order

—— Homogeneity of Variance
(Homoscedasticity)

Statistical Tests
D Levene's Test
Brown-Forsythe Test
[:] Bartlett's Test (For normal data)

Plots
D Residuals vs Fitted Values
D Residuals vs Dependent Variable
[:] Boxplots by Group
Violin Plot by Group

Model Adequacy -

Plots
[:I Residuals vs Fitted values

D Residuals vs Each Factors

Cancel

A window with the tests results and requested plots appears:

Factorial ANOVA

Normality of Residuals
Statistical Tests

P-value
0.000

Prob
1.000

Statistic
0.853

Normality Test
Shapiro Wilk

Normal Q-Q Plot

® Data Points

® Upper Band @ LowerBand

Decision
Reject Null Hypothesis

595144.7465 7.854E-6
0O\
9 a)
, 505016.4905 081366 A\
 414888.2346 - L)
€ 3247509786 0860 [
gzsnezw 7226 3236E-6 [ \
a AR > | \
o 144503.4666 32366 |
Q 543752106 c | \
E o -x%e[ 6 | \
R -35753.0453 | \
1258813013 | g 2618E-6 |
216009.5573 7453E-6 ‘4‘ “\_
292782 5612 97594.1871 975941871 2927825 N
) . 7266E-7 -
Theoretical Quantiles 4 e
» Reference Line 233539.1356 60003.019 35354
Residuals

Density Plot of Residual

A

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:
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Col2 (S)

col3 () Cold(D) Col5(D) Col6(D)  Col7 (D)

NovaMechanics Ltd

Col8 (S)

CentraAr |1 ;g:s;igggs ;ﬁﬁigg‘f |652528546 |07 Yes
HomeType |1 .:5?;73:669'1};"’;352669‘11o.0224285 08809639 |No
MSZoning |1 255_;72";3;02 ;155_;72";3;02 1205939537 | 0.0000059 |Yes
Cﬂ:’}ty'z:"m‘ .33;?3189641. .g;’;f;’f9641“o.1o75731 07429494 |No
ggf’n;imﬂ g?g;f gsg;g82f1 19118131 |0.0005663 |Yes
;Zm?:;pe M’ ;143:;;?;601’%143:;;1601‘0.7393728 03899375 |No
%‘?3&2‘21 > S a7 orszss o
S mm

Tota 7734 }2‘:31::007 | ’

Step 3: Reduced Factorial ANOVA

Create a new tab named “Reduced” 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 (%), “SalePrice” as Dependent Variable, move all columns to Factors and select

“Custom” as Formula Type. Click Specify Custom Model Formula, select all columns from Included

Columns and click Add interactions up to order 2, then, click Save. Click on Residual Analysis &

Assumption’s Checks and perform the tests like in Step 2b. Click Execute

Factorial ANOVA

Confidence Level (%) 95

Dependent Variable ( Col5 - SalePrice

%)
o)
")

Factors
Col2 - CentralAir
Col3 -~ HomeType
Col4 -- MSZoning

Sum of Squares for Tests ( Adjusted (Type IIl)

Coding for Factors

(€1,0,+1)

Excluded Columns

=

>>

<<

Formula Type:

(@ Custom

(O Main Effects O Full Factorial

Specify Custom Model Formula

CentralAir + HomeType + MSZoning + CentralAir:HomeType + Centra
Formula:
< >

Residual Analysis & Assumption's Checks

Cancel
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Test results and plots appear in a new window, analysis results are shown in right spreadsheet:

Factorial ANOVA
Normality of Residuals
Statistical Tests
Normality Test Statistic Prob P-value Decision
Shapiro Wilk 0.853 1.000 0.000 Reject Null Hypothesis
Normal Q-Q Plot Density Plot of Residual
5952415976 00 8568E-6
, 5050990635 — /’\.\
& 4149565295 [\
€ 324813.9954 HA0SE=0 Jim
:':; 2346714614 2379E-6 [ \
@ 1445289273 3@2‘9[—6 | ",
Q. 54386.3933 c | \
E AROE-6 | \
3 -35756.1408 f
1258986748 - 6189E-6 I \
2160412089 1746E-6 | \
-2928247457 -97608.2486 97608.2486 2928247 |
. x 7298E-7 /
Theoretical Quantiles y -~
0 = B
® Data Points © Reference Line -233456.8574 60091.4518 3536:
® UpperBand @ LowerBand Residuals
\( >
Col2 (S) Col3 (1) Col4 (D) ColS (D) Col6 (D) Col7 (D) Col8 (S)

User Header

1 CentralAir |1 336_171;‘32;"36 2.171:;;436 645805765 |0E-7 Yes
2 HomeType |1 532917'7734 232917'773410.0000447 09946666 |No
3 MSZoning |1 ;fggg::ss ;ﬁg:gg;ss‘zo.momg 00000060 |Yes
a CentralAirtic], ;%%gzafw. 12%%%88134097' 03220271 |05704387 |No
5 12?2:8029:52;2722:3;52:1&1396146 00000126 | Yes
6 :za:nei:gype'm giic;?ass 2&2%37355’?6.0121012 00142704 |Yes
: oS i

8 Total 2734 Z;g?::om

Step 4: Main Effects Factorial 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 (%), “SalePrice” 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
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Factorial ANOVA

Confidence Level (%)

95

Dependent Variable ( Col5 - SalePrice vJ
Sum of Squares for Tests (Adjusted (Type I11) % )
Coding for Factors ( 1,0,+1) v)
Excluded Columns T Factors
Col2 - CentralAir
e Col3 -~ HomeType
Col4 -- MSZoning
>
<
<<

—

(@ Main Effects

O custom

Formula Type:

CentralAir + HomeType + MSZoning
Formula:

O Full Factorial

[ Residual Analysis & Assumption's Checks

]

Cancel

Test results and plots appear in a new window, analysis results are shown in right spreadsheet:

Factorial ANOVA
Normality of Residuals
Statistical Tests
Normality Test Statistic Prob P-value Decision
Shapiro Wilk 0.849 1.000 0.000 Reject Null Hypothesis
Normal Q-Q Plot Density Plot of Residual
596854.2492 0719E-6
00 A
, 5064285605 ‘ 7.175E-6 [\
2 4160028718 i [\
€ 3256771831 276166 | \
g 235151.4944 ‘ 3813E-6 -4
o 144725 8056 | aé'd[re '| \
Q 543001169 | & »' \
£ SERSE-6 [ \
3 -36125.5718 0 \\
1265512605 - @ I 6906E-6 | \
-216976.9492 ! 7938E-6 / \
-294164.7879 -98054.9293 98054.9293 2941647 /
. . 9688E-7 /
Theoretical Quantiles y |
0 — —
@ Data Points ® Reference Line 2322046541 61506.3966 35521
® UpperBand @ Lower Band Residuals
>
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Col1 Col2 (S) Col3 () Col4 (D) Col5 (D) Col6 (D) Col7 (D) Col8 (S)

646835070 | 646835070
1 1 2820293 |2820203 | 114743691200 Yes
2825250791| 2825250791
2 1 noo50s  |asouses 50117831 00252556 |Yes
S " 1069497417 1069497417 | 189720822 | | v
9699062 |9699062 |4 i il
1639523923 56372168565
a 273 103935 | 012578
1768169007
> 2724 4617.58
Final Isalos Workflow:
L]
® Data @ Full Factorial
Select Col(s) - done Fact ANOVA - done
@ Reduced

Fact ANOVA - done

® Main Effects
Fact ANOVA - done




