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Abstract

Here we will investigate Anscombes Quartet. Francis Anscombe found in 1973 four datasets that
give the same linear regression but visually are distinctly different.
The title of this note is not finished purposely. Here, we will investiage what we can learn from
Anscombe’s quartet.
This document is available in many formats at https://cholmcc.gitlab.io/nbi-python
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import numpy as np
import matplotlib.pyplot as plt
import scipy as sp
import scipy.optimize
import scipy.stats
...
# Source code has been truncated

1 Data

Here are Anscombe’s four datasets
d1 = np.array([[10, 8.04], [ 8, 6.95], [13, 7.58],

[ 9, 8.81], [11, 8.33], [14, 9.96],
[ 6, 7.24], [ 4, 4.26], [12, 10.84],
[ 7, 4.82], [ 5, 5.68]])

d2 = np.array([[10, 9.14], [ 8, 8.14], [13, 8.74],
[ 9, 8.77], [11, 9.26], [14, 8.10],
[ 6, 6.13], [ 4, 3.10], [12, 9.13],
[ 7, 7.26], [ 5, 4.74]])

d3 = np.array([[10, 7.46], [ 8, 6.77], [13, 12.74],
[ 9, 7.11], [11, 7.81], [14, 8.84],
[ 6, 6.08], [ 4, 5.39], [12, 8.15],
[ 7, 6.42], [ 5, 5.73]])

d4 = np.array([[ 8, 6.58], [ 8, 5.76], [ 8, 7.71],
[ 8, 8.84], [ 8, 8.47], [ 8, 7.04],
[ 8, 5.25], [19, 12.50], [ 8, 5.56],
[ 8, 7.91], [ 8, 6.89]])

data = np.array([d1,d2,d3,d4])
colors = ['tab:blue', 'tab:orange', 'tab:green', 'tab:red']

2 Visual inspection

We start with a visual inspection of data
def plotQuartet(data,colors):

"""Function to draw full quartet"""
fig, ax = plt.subplots(ncols=2,nrows=2,figsize=(8,8),

gridspec_kw=dict(hspace=0,wspace=0),
sharex=True,sharey=True)

fig.suptitle("Anscombe's Quartet")

for i,(da,axes,color) in enumerate(zip(data,ax.ravel(),colors)):
axes.plot(da[:,0],da[:,1],'o',label=f'Data {i+1}',color=color)
axes.legend()

plotQuartet(data,colors)

(Figure 1)

The four datasets are obviously very different.

3 Statistics

Let us calculate the average x̄, ȳ and the variables s2
x, s2

y for each data set and plot it
def drawTable(cells,columns,colors,title=''):

"""Function to draw a table of values per data set"""
rows = np.arange(1,len(cells)+1)
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Figure 1: The four data set
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fig, ax = plt.subplots(1,1,figsize=(1.5*len(columns),4))
fig.suptitle(title)

tab = ax.table(cellText=cells,
colLabels=columns,
rowLabels=rows,
rowColours=colors,
bbox=[0,0,1,1])

tab.auto_set_column_width(range(len(columns)))
tab.set_fontsize(15)
ax.axis('tight')
ax.axis('off')

cells = np.round(np.hstack((data.mean(axis=1), data.var(axis=1))),2)
cols = [r'$\bar{x}$',r'$\bar{y}$',r'$s_x^2$',r'$s_y^2$']
drawTable(cells, cols, colors,'Statistics on Anscombe\'s Quartet')

x y s2
x s2

y

1 9.0 7.5 10.0 3.75

2 9.0 7.5 10.0 3.75

3 9.0 7.5 10.0 3.75

4 9.0 7.5 10.0 3.75

Statistics on Anscombe's Quartet

4 Linear regression

We will perform a simple linear regression on each of the data sets. Linear regression consists of
determining the line

y = ax + b ,

with

a =
cxy

s2
x
=

1
N−1 ∑N

i=1(xi − x̄)(yi − ȳ)
1

N−1 ∑i=1(xi − x̄)2

b = ȳ − ax̄ ,

https://en.wikipedia.org/wiki/Simple_linear_regression
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where cxy is the covariance between x and y and s2
x is the variance of x.

The correlations coefficient

r =
cxy√
s2

xs2
y

,

tells us how correlated x and y are - or naively how close to a line the points fall.
The uncertainty on a is given by

δa =

√
(1 − r2)

1
ν

s2
y

s2
x

.

Here the s2
y is the variance of y, and ν = N − 2 is the number of degrees of freedom (N from data, −2

corresponding to the two parameters a and b). The uncertainty on b is given by

δb = δa

√√√√ 1
N

N

∑
i

x2
i .

The probability of the value a, given our points and with ν degrees of freedom is given by a t-
distribution where

t = r
√

ν

(1 + r)(1 − r)
,

and

P(t|(x, y), ν) = 1 −
∫ t

−∞
dt′ ft(t′; ν) .

The probability function of a t distributed random variable X ∼ T is

ft(t; ν) =
Γ
(

ν+1
2

)
√

νπΓ
(

ν
2

) (
1 +

x2

ν

)− ν+1
2

.

We can now perform the linear regression on each of our data sets. We will also calculate χ2 and
determine the probability P(χ2|ν) with

χ2 =
N

∑
i=1

(yi − b − axi)
2 .

def linregOne(data,xrange,color,axes,label):
"""Function do and draw linear regression on one data set"""
a,b,r,p,ea = sp.stats.linregress(data)
eb = ea * np.sqrt((data[:,0]**2).mean())
chi2 = np.sum((data[:,1]-b-a*data[:,0])**2)
pchi2 = sp.stats.chi2.sf(chi2,len(data[:,0])-2)
axes.plot(data[:,0],data[:,1],'o',color=color,label=label)
axes.plot(xrange,b+a*xrange,'--',color=color,

label=label.replace('Data','Line'))

return [a,b,r,ea,eb,p*100,chi2,pchi2*100]

https://en.wikipedia.org/wiki/Student's_t-distribution
https://en.wikipedia.org/wiki/Student's_t-distribution
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def linregQuartet(data,colors):
"""Function to do and draw linear regression on full quarted"""
fig, ax = plt.subplots(ncols=2,nrows=2,figsize=(8,8),

gridspec_kw=dict(hspace=0,wspace=0),
sharex=True,sharey=True)

fig.suptitle('Linear regression on Anscombe\'s Quartet')
result = np.empty((0,8))

xrange = np.array([data[...,0].min()-1,data[...,0].max()+1])
for i,(da,axes,color) in enumerate(zip(data,ax.ravel(),colors)):

res = linregOne(da,xrange,color,axes,f'Data {i+1}')
result = np.vstack((result,res))
axes.legend()

return result

result = linregQuartet(data,colors)

(Figure 2)

Off-hand, the four lines look pretty similar. Fortunately, we have some numbers to look at.
cells = np.round(result ,2)
cols = [r'$a$',r'$b$',r'$r$',r'$\delta_a$',r'$\delta_b$',

r'$P(a)$ (%)',r'$\chi^2$', r'$P(\chi^2)$ (%)']
drawTable(cells,cols,colors)

a b r a b P(a) (%) 2 P( 2) (%)

1 0.5 3.0 0.82 0.12 1.12 0.22 13.76 13.1

2 0.5 3.0 0.82 0.12 1.13 0.22 13.78 13.05

3 0.5 3.0 0.82 0.12 1.12 0.22 13.76 13.13

4 0.5 3.0 0.82 0.12 1.12 0.22 13.74 13.18

From the table above we see that we cannot distinguish the four data sets from each other:

• In all four cases we find the same line

y = (3.0 ± 1.1) + (0.50 ± 0.12)x

- The probabilities of these are all equally bad - All χ2 comes to the same value with the same
probability.
So where are we now? We cannot use a linear regression to distinguish these four datasets from each
other. If we only had the values from the analysis, we would in all cases assume that the model

y = b + ax

was adequate. On the other hand, we can visually very easily distinguish the data sets from each
other.
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Figure 2: Linear regression
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• Data set 1 (blue) looks like something we would expect from a linear dependence and y values
normally distributed around the line.

• In data set 2 (orange) there is a clear dependence between x and y which, however, is not linear.
In fact, it looks like y has a square dependence on x.

• There is a clear linear dependency between x and y in the third data set (green) except at one
point. The rest of the points lie on a straight line, though not with the slope found.

• In the last data set (red), there is no dependence between x and y, but as above, there is one
point that pulls in the linear regression.

5 Conclusion

In his article, Anscombe does not indicate any other way of distinguishing the four datasets from each
other than by visual inspection. Nor is it obvious that there is another quantitative way of doing this.
The main point of Anscombe’s article is to say that we must also use graphic representations in our
statistical work. In 1973, when Anscombe published his article, computers were not as powerful as
they are today, and a point for Anscombe was that we had to work to solve that problem.

Unfortunately, most persons who have recourse to a computer for statistical analysis of
data are not much interested either in computer programming or in sta- tistical method,
being primarily concerned with their own proper business. Hence the common use of
library programs and various statistical packages. Most of these originated in the pre-
visual era. The user is not showered with graphical displays. He can get them only with
trouble, cunning and a fighting spirit. It’s time that was changed.

Today we have good opportunities to easily and quickly make graphic representations of high quality,
as illustrated in this note using Python, NumPy, SciPy and <> MatPlotLib <>. Let us finish where
we started and finish the title of this note:

Ancsombes Quartet, or: How I stopped worrying and love a good plot
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