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Introduction
This tutorial shows how to
1) Use differences between mean spectra as a simple way to check for biochemical alterations
2) Use leave-one-out cross-validation to calculate LDA scores (“cross-calculation” of scores)

Difference between means consists of choosing one class to be the reference, and subtracting the mean spectrum from this class from all the spectra in the dataset. This allows one to find which classes have higher or lower absorption for each wavenumber, when compared with a reference class.

As for the cross-calculated LDA[1], the principle is:
1) Use a dataset containing all, except one, samples to train the LDA model
2) Use the model with the left-out sample to calculate the scores for this sample
3) Repeat steps 1) and 2) to all the samples until all scores are calculated.

Sample = patient, slide etc (depending on the experiment). All spectra from one sample need to be kept together.

[bookmark: _Toc341964344][bookmark: _Toc341990380][bookmark: _Toc342058078][bookmark: _Toc342085538]Loading and checking the dataset
This tutorial uses Ketan’s Brain data[2], which is shipped with IRootLab.

At MATLAB command line, enter browse_demos
Click on “LOAD_DATA_KETAN_BRAIN_ATR”
Click on “objtool”  to launch objtool

 (
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)



The next step will generate a report on the dataset.
Click on Apply new blocks/more actions
Click on vis
Click on Default report
Click on Create, train & use
 (
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A window should open displaying the following. As seen, the “Normal” class, which will be the reference class, is the first class (it has index 1).
[image: Z:\screenshots\Screenshot-[Dataset ~ irdata].png]



[bookmark: _Toc342085539]Differences between mean spectra
Click on pre
Click on Subtract mean of a reference class
Click on Create, train & use
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Accept the value 1 (refers to the first class (“Normal”)) 
[image: Screenshot-uip_pre_sub_refmean]





Click on ds01_refmean01
Click on Class means
Click on Create, train & use
 (
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The following figure should appear.
Note – For example, the average absorbance of the “Astrocytoma” samples is higher than “Normal” between 1600 and 1300 cm-1, peaking at 1500 cm-1, and is lower than “Normal” between 1300 and 900 cm-1.

The “Normal” curve is a flat line as a consequence of the Subtract mean of a reference class operation.

[image: Z:\screenshots\Screenshot-Figure 1.png]


[bookmark: _Toc342085540]
Running the LDAs
[bookmark: _Toc342085541]Standardizing dataset
Click on ds01
Click on pre
Click on Standardization
Click on Create, train & use
Note – The dataset must be either mean-centered or standardized before cross-calculated LDA. Standardization provides more numerical stability. 

Standardization[3] is mean-centering followed by scaling of each variable so that their standard deviations become 1.
 (
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[bookmark: _Toc342085542]Direct LDA
First we will apply LDA to later compare with the cross-calculated LDA.
Click on ds01_std01
Click on fcon
Click on Linear Discriminant Analysis
Click on Create, train & use
 (
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Click on OK
[image: Screenshot-uip_fcon_lda]

The next step will generate a scores plot
Click on ds01_std01_lda01
Click on vis
Click on 2D Scatterplot
Click on Create, train & use
 (
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Click on OK
[image: ../../../../../../screenshots/2Screenshot-uip_vis_scatter2d.png]



The following figure should appear:
[image: ../../../../../../screenshots/3Screenshot-Figure%201.png]

But … are the classes so well separated because LDA overfits the data???
We will do the cross-calculated LDA to find this out.

[bookmark: _Toc342085543]
Cross-calculated LDA
Click on ds01_std01
Click on AS
Click on Cross-calculate
Click on Create, train & use
 (
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[bookmark: a]Click on OK (a new Log will be created, may take a few seconds)
Note – The SGS can be left blank because the cross-calculation block (which we are creating now) will automatically create one. The default SGS is a leave-one-out (LOO) cross-validation that keeps together all the spectra from the same group (patient in this case).

In our case, LOO cross-validation is equivalent to 22-fold cross-validation because the dataset has 22 groups (check report generated on step 7). This implies that to calculate the scores for each group, the 21 other groups will be used to train an LDA block that will be then used on the spectra from that group.
[image: ../../../../../../screenshots/2Screenshot-uip_as_crossc.png]








Click on Log
Click on log_as_crossc_crossc01
Click on extract dataset
Click on Execute (will create a dataset)
 (
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Click on Dataset
Click on irdata_crossc01
Click on Existing blocks (we are going to re-use the 2D Scatterplot block)
Click on vis_scatter2d01
Click on Use
 (
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The following figure should appear:
[image: ../../../../../../screenshots/3Screenshot-Figure%202.png]

[bookmark: _Toc342085544]Discussion
The classes are not as well separated as with direct LDA. The segregation seen before with direct LDA was unrealistic because of overfitting.

Nevertheless, the results from cross-calculated LDA are still excellent, because the classes are nearly completely separated; just a small overlap is seen between “Normal” and “Glioblastoma”.
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