
Q-Q Plots 
 

 Q-Q plots are graphs that may help one see how an obtained distribution differs from a normal 

(or other) distribution.  The Q stands for quantile.  A quantile is the point in a distribution that has a 

specified proportion of scores below it.  For example, the second quantile has 50% of the scores 

below it and is more commonly known as the median.  The 4-quantiles (commonly known as 

quartiles) are the points that mark off the bottom 25%, 50%, 75%, and 100% of the scores.  The 10-

quantiles are the points that mark off the bottom 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 

and 100% of the scores.  These are commonly known as deciles. 

 

 See this illustration of how to make a Q-Q plot by hand.  In this illustration there are nine 

scores.  For nine scores, we shall need N + 1 = ten quantiles, which, in this case, are deciles.  Next 

we find the z-scores that mark off these deciles in a normal distribution.  For example, -1.28 marks off 

the bottom 10%. -0.84 marks off the bottom 20%, and so on.  These values will be placed on the 

abscissa of the Q-Q plot. 

 

 Now we turn our attention from the hypothetical distribution to the obtained distribution.  We 

find the quantiles (deciles) for the observed data.  I did this in SPSS.  Analyze, Descriptives, 

Frequencies, Statistics, Cut points for 10 equal groups. 

 

 
 

 Here is the output: 

 

Statistics 

Score   

Percentiles 10 3.7700 

20 4.2500 

30 4.5000 

40 5.1900 

50 5.7900 

60 5.8900 

70 6.3100 

https://www.statisticshowto.com/q-q-plots/
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80 6.7900 

90 . 

 

 Ten percent of the scores are below 3.77, twenty percent below 4.25, thirty percent below 4.5, 

and so on.  These quantiles are plotted on the ordinate.  If the observed data really came from a 

normal population, then the markers would be expected to form a straight line sloped at 45 degrees.  

Here is the plot from the illustration.  Looks nearly straight to me. 

 

 
 Also from the illustration is a plot where the data were from a distinctly not normal distribution, 

an exponential distribution: 

 

 
 

 Now I produce Q-Q plots from data gathered by one of my graduate students.  The variable of 

interest is number of COVID cases in a state.  The file was split by whether the state went Democratic 

or Republican in the most recent presidential election. 
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Descriptivesa 

 Statistic Std. Error 

COVID-19Cases Mean 116961.00 26798.866 

Skewness 2.646 .427 

Kurtosis 7.216 .833 

a. PartyAffiliation = Republican 

 

 Note the high skewness and kurtosis, indicating extreme scores in the upper tail. 

 

Tests of Normalitya 

 

Kolmogorov-Smirnovb Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

COVID-19Cases .245 30 .000 .658 30 .000 

a. PartyAffiliation = Republican 

b. Lilliefors Significance Correction 

 

 It is generally best to ignore tests of normality.  The null hypothesis is that the data came from 

a normal population.  The problem with these tests is that the results are greatly influenced by sample 

size.  With large samples the tests may be significant even when the population is very nearly normal. 
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 The positive skewness is quite easily seen in this histogram. 

 

 
 Notice that the markers do not form a straight line.  The data appear not to have come from a 

normally distributed population.  Notice that SPSS puts non-standardized observed values on the 

abscissa. 
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 The “detrended” plot shows for each quantile the distance between the value plotted in the 

previous plot and the reference line (what the value would be in a normal population.)  In the first plot 

here we see several points below the reference line.  For these points Reference Line Minus Plotted 

Value will be greater than zero, as shown in the second plot.  Points that were above the reference 

line show, in the second plot, as being below the value 0.  At the upper end of the distribution we 

again have points that are below the reference line.  The V shape of this detrended plot is typical for a 

positively skewed distribution. 
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 The box and whiskers plot shows that there are two way outliers here, observations one and 

two.  When I look back at the data file I see that these are Florida and Texas. 

 

 The statistics for the Democrats look very much like those for the Republicans, so I shall not 

present them here. 

 

 This SAS code will produce Q-Q plots: 

 

Proc Sort; by PartyAffiliation; 
Proc Univariate normal plot; var COVID19Cases; by PartyAffiliation; run; 
 

  

Moments 

N 30 Sum Weights 30 

Mean 116961 Sum Observations 3508830 

Std Deviation 146783.436 Variance 2.15454E10 

Skewness 2.645722 Kurtosis 7.21592319 

 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.657677 Pr < W <0.0001 

Kolmogorov-Smirnov D 0.244877 Pr > D <0.0100 

Cramer-von Mises W-Sq 0.539976 Pr > W-Sq <0.0050 

Anderson-Darling A-Sq 3.273812 Pr > A-Sq <0.0050 
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 Notice that SAS puts the observed values on the ordinate and the theoretical values on the 

abscissa, just the opposite of what SPSS does. 

 

 

• Return to Wuensch’s Stats Lessons Page 

• Helpful video 

 

Karl L. Wuensch, September, 2020. 

http://core.ecu.edu/psyc/wuenschk/StatsLessons.htm
https://www.youtube.com/watch?v=tdbLShf2bLk
http://core.ecu.edu/psyc/wuenschk/klw.htm

