
Inference
Revealing, informative plots often provoke the

question “Is what we see really there?”
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What is statistical 
significance?

• Closely related to inference

• How likely are these results to be true for 
the population we’re interested in?

• Or, what’s the probability we see a strong 
effect from chance alone?
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How does it work?

• If the variables are independent, then the 
structure will remain the same when the 
dependence between ordered pairs is broken.

• Take one column of data and permute the 
values, make a plot, repeat many times.

• Is the real data plot distinguishable from the 
permuted data plots? If so, the structure in 
the plot of data is real.

Randomise

Repeat

Reject



Example: 
inference for 
classification

Which of 
these is 
different?
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Fig. 6.2. Testing the assumption that species labels correspond to three groups
in the data, using a projection pursuit guided tour with the LDA index. The plots
show optional projections of the same data, except that in eight of the nine plots,
the species labels have been permuted. The plot of the real data is the odd one out,
and very easy to spot!

> pspecies <- sample(ispecies)

> gtype <- rep(6,74)
> gtype[pspecies==1] <- 4; gtype[pspecies==3] <- 3
> glyph_type(gd) <- gtype

> gcolor <- rep(1,74)
> gcolor[pspecies==1] <- 5; gcolor[pspecies==3] <- 6
> glyph_color(gd) <- gcolor
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Fig. 6.2. Testing the assumption that species labels correspond to three groups
in the data, using a projection pursuit guided tour with the LDA index. The plots
show optional projections of the same data, except that in eight of the nine plots,
the species labels have been permuted. The plot of the real data is the odd one out,
and very easy to spot!

> pspecies <- sample(ispecies)

> gtype <- rep(6,74)
> gtype[pspecies==1] <- 4; gtype[pspecies==3] <- 3
> glyph_type(gd) <- gtype

> gcolor <- rep(1,74)
> gcolor[pspecies==1] <- 5; gcolor[pspecies==3] <- 6
> glyph_color(gd) <- gcolor
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6.1 Inference 133

In Fig. 6.2, the plot of the best projection of the real data is embeddedamong
plots of the best projections of the data with permuted labels. Which one
is different? The real data plot is easily distinguished from the rest, offering
evidencefor the existencethat the data spaceincludesclusters corresponding
to the labeled classes.
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Fig. 6.3. Testing the assumption that species labels correspond to three groups in
simulated data, using a projection pursuit guided tour with the LDA index. The
data is similar to Flea Beetles in that there are 74 cases, divided into three classes,
but there are now 50 variables instead of 6. The plots show optional projections of
the same data, except that in eight of the nine plots, the species labels have been
permuted. The plot of the real data (left plot of the middle row) is not distinguishable
from the others!

Which one of 
these is the real 
data?
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In Fig. 6.2, the plot of the best projection of the real data is embeddedamong
plots of the best projections of the data with permuted labels. Which one
is different? The real data plot is easily distinguished from the rest, offering
evidencefor the existencethat the data spaceincludesclusters corresponding
to the labeled classes.
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Fig. 6.3. Testing the assumption that species labels correspond to three groups in
simulated data, using a projection pursuit guided tour with the LDA index. The
data is similar to Flea Beetles in that there are 74 cases, divided into three classes,
but there are now 50 variables instead of 6. The plots show optional projections of
the same data, except that in eight of the nine plots, the species labels have been
permuted. The plot of the real data (left plot of the middle row) is not distinguishable
from the others!

Which one of 
these is the real 
data?

Can’t tell? 
Real data is 
50D with no 
real clusters. 
Apparent 
clusters occur 
because we 
have large P 
small n. 



Ways to test for significance

• Independence between variables can be tested 
using permutation methods, where the 
appropriate columns of data values are shuffled 
to break the association in the ordered tuples.

• Distributional forms can tested by simulating 
samples from the distribution using parameters 
estimated from the sample.


