
Chp69-1. Evaluating Customer Dwell Time for Three 
E-commerce Ads A/B/C: Handling Unequal Variances When 
Samples Follow a Normal Distribution (Using SPSS Software 
Analysis, Shapiro-Wilk Normality Test + Welch ANOVA Test + 
Games-Howell Post-hoc Test) 
 

(1). [Concept]: Complexities and Difficulties of One-Way 

ANOVA: It has 3 basic assumption limitations 

3 Basic Assumptions of One-Way ANOVA: 
1. Samples in each group are independent 
2. Each sample comes from a normally distributed population 
3. The variances of each population are equal 
 
(2). [Statistical Test Judgment Diagram]: Basic Diagram, 
Advanced Diagram 
2-1 Basic Diagram 

 
 
2-2 Advanced Diagram (ANOVA Test) 



 
 
(3). [SPSS Implementation]: Therefore, the first step in 
performing one-way ANOVA is to check: whether the samples 
conform to a normal distribution? 
How to Perform the Shapiro-Wilk Normality Test in SPSS 

1.​ Open SPSS and Load Data 

 

2.​ Select Statistical Test Path 

o​ Click Analyze → Descriptive Statistics → Explore. 



 

3.​ Set Variables 

o​ In the Dependent List, select the numerical variable to be tested for normality. 

o​ In the Factor List, you can select a categorical variable (optional). 

 
4.​ Enable Normality Test 

o​ Click the Plots button. 

o​ On the Descriptive page, check Normality plots with tests. 

o​ Ensure the Shapiro-Wilk test is included ( 
o​ SPSS automatically calculates Shapiro-Wilk when the sample size is less than 50. 
o​ Kolmogorov-Smirnov test is provided when the sample size exceeds 50). 



 
How to Interpret the Results 

●​ In the output's Tests of Normality table: 

o​ Shapiro–Wilk's p-value (Sig.) 
▪​ If p > 0.05, it indicates that the data conforms to a normal distribution. 

▪​ If p ≤ 0.05, it indicates that the data significantly deviates from a normal 

distribution. 

 

Conclusion: Because the sample size is 450, refer to the 
[Kolmogorov-Smirnov Test] 
Significance p-value 0.2 > 0.05, so it indicates that the data conforms 
to a normal distribution 
Graphical Proof 1: Histogram 



 
 

Graphical Proof 2: QQ Plot (Data must be on a straight line to be 
normally distributed) 



 

Graphical Proof 3: Detrended Normal QQ Plot (Data must be close to 
the horizontal 0 axis to be normally distributed) 



 

Graphical Proof 4: Box Plot (Data must have no outliers outside the 
quartiles to be normally distributed) 



 

(4). [Concept]: If the data does not conforms to a normal 

distribution, and the variances are not equal, ANOVA test 

cannot be used; Welch ANOVA test must be used instead 
3 Basic Assumptions of One-Way ANOVA: 
1. Samples in each group are independent 
2. Each sample comes from a normally distributed population 
3. The variances of each population are equal 

Advanced Diagram (ANOVA Test) 

 



 

(5). [SPSS Implementation]: Welch ANOVA Test 
In SPSS, when dealing with 3 groups of population samples and wanting to 
perform one-way ANOVA, it is necessary to check whether the variances are 
equal (homogeneity of variance) before formal analysis. 
This check is usually performed through Levene’s Test. 

 
✅ SPSS Steps to Check if Variances are Equal (Levene's Test) 

 
📌 SPSS Operation Steps: 

1.​ Open the Data File 
2.​ Click Menu: Analyze → Compare Means → One-Way ANOVA 

 
3.​ In the pop-up window: 

o​ Place the continuous variable in "Dependent List" 
o​ Place the categorical variable in "Factor" 

 
4.​ Click the [Options] button on the right 

o​ Check "Homogeneity of variance test" 
o​ You can also check "Descriptive" 



 
 

📋 Interpretation of Output Results (Levene’s Test): 
In the SPSS output table, you will see a section labeled: Test of Homogeneity of 
Variances 
Which includes: 

●​ F value, df1, df2, Sig. (p-value) 

 

 

Conclusion: Because the significance p-value is 0.003 < 0.05, 
Therefore, it indicates: variances are unequal, ANOVA cannot be used, 
Welch ANOVA must be used 
 



(5). [SPSS Implementation]: Welch ANOVA Test 
SPSS provides Welch ANOVA as an option for One-Way ANOVA. 
Steps 

1.​ Open SPSS and Load Data 
2.​ Select Welch ANOVA 

o​ Click Analyze → Compare Means → One-Way ANOVA. 

 
3.​ Set Variables 

o​ Dependent List: Select the continuous variable to be compared (e.g., 
test scores, income, etc.). 

o​ Factor: Select the categorical variable (e.g., groups). 

 
4.​ Enable Welch Test 

o​ Click the Options button. 
o​ In the Statistics section, check Welch. 



 
 

How to Interpret Welch ANOVA Results 
In the output's "Robust Tests of Equality of Means" table: 

●​ Welch test's p-value (Sig.) 
o​ p > 0.05: No significant difference between groups. 
o​ p ≤ 0.05: At least one group's mean is significantly different from the 

others. 

 
Conclusion: Because the significance p-value is 0.00 < 0.05, 
Therefore, it indicates: at least one group's mean is significantly 
different from the others 
 

(6). [Implementation]: [Post-hoc Test: Games-Howell] 
o​ Games-Howell Post-hoc Test 
o​ If the Welch test is significant, it is recommended to use the 



Games-Howell test for multiple comparisons (suitable when variances 
are unequal). 

How to Perform the Games-Howell Test in SPSS 
The Games-Howell post-hoc test can be performed through One-Way ANOVA. 

Steps 
1.​ Open SPSS and Load Data 

2.​ Select One-Way ANOVA 

o​ Click Analyze → Compare Means → One-Way ANOVA. 

 

3.​ Select Variables 

o​ Dependent List: Select the numerical variable to be compared (e.g., scores, 
measurements). 

o​ Factor: Select the categorical variable used for grouping (e.g., different groups). 

 

4.​ Enable Games-Howell Post-hoc Test 
o​ Click the Post Hoc button. 

o​ In the Equal Variances Not Assumed area, check Games-Howell. 

o​ If you are unsure whether the variances are equal, it is recommended to check both 

Tukey (suitable for equal variances) and Games-Howell (suitable for unequal 

variances). 



 
 

How to Interpret SPSS Games-Howell Test Results 
SPSS will output a "Multiple Comparisons" table, where: 

●​ Mean Difference: Shows the mean difference between two groups. 
●​ Std. Error: Estimated error. 
●​ Sig. (Significance p-value): 

o​ p > 0.05: No significant difference between the two groups. 
o​ p ≤ 0.05: There is a significant difference between the two groups. 



 

Conclusion 1: Ad 1 vs. Ad 2, significance p-value 0.001 < 0.05, there is 
a significant difference between the 2 groups 
Conclusion 2: Ad 1 vs. Ad 3, significance p-value 0.001 < 0.05, there is 
a significant difference between the 2 groups 
Conclusion 1: Ad 2 vs. Ad 3, significance p-value 0.246 > 0.05, there is 
no significant difference between the 2 groups 

 

(7). [Plotting]: Box Plot 
 



 
(8). [Plotting]: Bar Chart 



 
 

(9). Conclusion: 
1. "Ad 1" has the highest appeal (significantly longer dwell time) 
2. There is no significant difference between "Ad 2 and Ad 3" 
3. It can be concluded that "ad content design" significantly affects 
customer dwell behavior, especially the difference between Ad 1 and 
the others is most obvious 
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