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STATISTICAL ASSUMPTIONS

All statistical procedures have underlying assumptions, some more stringent

than others. In some cases, violation of these assumptions will not change

substantive research conclusions. In other cases, violation of assumptions

will undermine meaningful research. Establishing that one's data meet the

assumptions of the procedure one is using, is an expected component of all

quantitatively-based journal articles, theses, and dissertations.
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STATISTICAL ASSUMPTIONS

• Data Related Assumptions

• Model Related Assumptions
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DATA RELATED STATISTICAL ASSUMPTIONS

• SOUND MEASUREMENT

• All forms of statistical analysis assume sound measurement, relatively free of coding errors. It is good practice

to run descriptive statistics on one's data so that one is confident that data are generally as expected in terms

of means and standard deviations, and there are no out-of-bounds entries beyond the expected range.

• Avoiding Attenuation

• When the range of the data is reduced artificially, as by classifying or dichotomizing a continuous variable,

correlation is attenuated, often leading to underestimation of the effect size of that variables

• Sample Size Adequacy

• Randomness (RUN TEST) (SPSS)

• Descriptive Statistics: Central Tendency, Dispersion, Skewness and Kurtosis (SPSS)
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MODEL RELATED STATISTICAL ASSUMPTIONS FOR 
MULTIVARIATE ANALYSIS

• Normality of Variables

• Zero Expected Residuals

• Normality of Residuals

• No Multicollinearity

• Homoscedasticity

• No Autocorrelation

• Linearity

• Model Specification

• Model Identification
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TESTS OF NORMALITY 

• There are several methods of assessing whether the data are normally distributed or not. They fall under two categories:

• GRAPHICAL METHODS

• Histogram (SPSS)

• BOX PLOT (SPSS)

• Q-Q Probability Plots (SPSS)

• P-P (Cumulative Probability (or Frequency) Plots (SPSS)

• STATISTICAL TESTS

• W/S Test (SPSS)

• Jarque Bera Test  (EVIEWS)

• Shapiro-Wilk’s Test (SPSS)

• Kolmogorov-Smirnov Test (SPSS)

• D’ Agostino’s Test (NCSS)

• Chi-Square Test (SPSS)

• Anderson Darling Test (MINITAB) (EXCEL AD Calculator)
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SPSS COMMANDS FOR GRAPHS

• Histogram: GRAPH>LEGACY DIALOGUE>HISTOGRAM>Display Normal 

Curve

• Box Plot, Q-Q Plot and Normality Tests (K-S test and Shapiro-Wilks Test):

• ANALYZE>DESCRIPTIVE STATISTICS>EXPLORE>PLOTS>HISTOGRAM 

and NORMALITY PLOTS WITH TESTS

• For P-P Plots: ANALYZE>DESCRIPTIVE STATISTICS>P-P Plots or Q-Q 

Plots
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NORMAL PROBABILITY PLOT (P-P PLOT)20



NORMAL PROBABILITY PLOT (P-P PLOT)21
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ANDERSON-DARLING TEST

• Anderson-Darling Test will determine if a data set comes from a specified distribution, in 

our case, the normal distribution. The test makes use of the cumulative distribution 

function. The Anderson-Darling statistic is given by the following formula:

• where n = sample size, F(X) = cumulative distribution function for the specified 

distribution and i = the ith sample when the data is sorted in ascending order. You will 

often see this statistic called A2.



ANDERSON-DARLING TEST

• The calculation of the p value is not straightforward. The reference most people use is 

R.B. D'Augostino and M.A. Stephens, Eds., 1986, Goodness-of-Fit Techniques, Marcel 

Dekker. There are different equations depending on the value of AD*. These are given by:

• If AD*=>0.6, then p = exp(1.2937 - 5.709(AD*)+ 0.0186(AD*)2

• If 0.34 < AD* < .6, then p = exp(0.9177 - 4.279(AD*) - 1.38(AD*)2

• If 0.2 < AD* < 0.34, then p = 1 - exp(-8.318 + 42.796(AD*)- 59.938(AD*)2)

• If AD* <= 0.2, then p = 1 - exp(-13.436 + 101.14(AD*)- 223.73(AD*)2)



ANDERSON-DARLING TEST IN MINITAB

To display a legend showing the Anderson-Darling test statistic and p-value each time 

you create a normal probability plot of the residuals:
•Choose Tools > Options > Individual Graphs > Residual Plots for Time Series
• and Tools > Options > Linear Models > Residual Plots
•Check Include Anderson-Darling test with normal plot. 
•Click OK.

• Minitab does not display the test when there are less than 3 degrees of freedom for error.
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TESTING FOR HOMOGENEITY OF 
VARIANCES/HOMOSCEDASTICITY 

• Brown & Forsythe’s Test (SPSS)

• Welch Test (SPSS, SAS, MINITAB)

• Bartlett’s Test of Sphericity (for Multivariate Normality) (SPSS)

• F-max test

• Box M test (SPSS)

• ANCOVA & MANCOVA (SPSS)

• Parallelism Tests  (Test of Proportional Odds) (Running Ordinal Regression in SPSS)

• Leven’s Test (SPSS)



TESTING FOR HOMOSCEDASTICITY

• Graphical Method (SPSS)

• Goldfeld-QuandtTest

• GlejserTest

• Park Test

• Breusch Pagan Godfrey Test

• White Test
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TESTS OF LINEARITY

• Graphical Method (SPSS)

• Curve Fitting with R-Squared Difference Test (SPSS)

• ANOVA (SPSS)

• Eta the Correlation Ratio (SPSS)

• Adding Non-Linear Terms to the Model

• Ramsey’s Reset Test (STATA)
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WELCH’S TEST

• Welch’s ANOVA compares two means to see if they are equal. It is an alternative to the Classic ANOVA and can be used 

even if your data violates the assumption of homogeneity of variances.

• You should run Welch’s test in all cases where you have normally distributed data that violates the assumption 

of homogeneity of variance. ANOVA (and the non-parametric alternative Kruskal-Wallis) are very unstable for these 

situations, producingType I error rates that are:

• Conservative for large sample sizes and

• Inflated for small sample size.

• Welch’s ANOVA is fast becoming the go-to method out of the three. For normal, different-variance, and balanced data (i.e. 

same-size samples), Welch’s has the most power and the lowest type I error rate. However, classic ANOVA still performs the 

best when data is normal, equal-variance, and is either balanced or unbalanced. In other words, run Welch’s if your data has 

unequal variances, but run a classic ANOVA if it’s just an unequal sample size issue.

https://www.statisticshowto.com/mean/
https://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/anova/
https://www.statisticshowto.com/homoscedasticity/
https://www.statisticshowto.com/probability-and-statistics/normal-distributions/
https://www.statisticshowto.com/kruskal-wallis/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/type-i-error-type-ii-error-decision/
https://www.statisticshowto.com/statistical-power/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/type-i-error-type-ii-error-decision/
https://www.statisticshowto.com/unequal-sample-sizes/


WELCH’S TEST

• The assumptions are pretty much the same for Welch’s ANOVA as for the classic ANOVA. For example, 

the assumption of normality still holds. However, you should run Welch’s when you violate the assumption of 

equal variances. You can run it with unequal sample sizes.

• In Minitab: the Assistant automatically runs Welch’s when you choose an ANOVA test. You can also run it by 

clicking “ANOVA > One-Way”, then clicking “Options” and unchecking “Assume equal variances.”

• In SAS: Add a MEANS statement, the nominal variable name, and then type a slash followed by “WELCH”. For 

example:

PROC anova;

CLASS A B;

MODEL Y=A B;

MEANS AB / WELCH;

RUN;

https://www.statisticshowto.com/assumption-of-normality-test/
http://blog.minitab.com/blog/understanding-statistics/what-statistical-hypothesis-test-should-i-use
https://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_anova_sect012.htm
https://www.statisticshowto.com/nominal-ordinal-interval-ratio/


WELCH’S TEST

• In SPSS, click “Analyze > Compare Means > One-Way ANOVA”. Then click “Options” and check both the 

“Homogeneity of variance” test and the “Welch” box. This will test for homogeneity of variance and then — if 

the assumption is violated — you can use the Welch statistic (otherwise you can choose to use Sig. in the 

regular ANOVA output instead of the Sig. reported in the Welch area).

• Welch’s p-value in SPSS can be used to replace the regular ANOVA p-value.

https://www.statisticshowto.com/wp-content/uploads/2016/10/welchs-anova.png
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TESTING FOR MULTICOLLINEARITY

• Tolerance (SPSS)

• Variance Inflation Factor (SPSS)

• Condition Indices (SPSS)

• Multicollinearity in Structural Equations Modelling (SEM)

• Intra Class Correlation
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TESTS FOR AUTOCORRELATION

• Graphical Method (SPSS)

• Runs Test (SPSS)

• Durbin Watson d-test (SPSS)

• Breusch- Godfrey Test (Lagrange’s Multiplier Test) (EXCEL

• Akaike-Schwartz Information Criteria (EVIEWS)

• Autocorrelation Function (ACF) & Partial Autocorrelation Function (PACF) (EVIEWS)
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MODEL SPECIFICATION TESTS

• Best Parsimonious Model:

• Searching for  of best feasible model out of possible Best models for the given Data Set

• A parsimonious model is a model that accomplishes a desired level of explanation or 

prediction with as few predictor variables as possible.
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THANK YOU

Have a Good Day


