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3. APPLICATION 2: DZMDS 
Learning goals: 
-How to implement metric and non-metric MDS in 2 and 3 dimensions using DZmds 
-How to identify high- and low-quality MDS transformations 
-How to interpret MDS plots 

3.1. 2D metric MDS with squared stress of Cross-correlation  
1. Open DZmds by double clicking on the DZmds icon in the folder where you saved 

the application.   
2. Click on “Select File” and navigate to where you saved the example data, 

“Application_2_U_Pb_ages_and_uncertainties.xlsx”. 
3. Select “2sigma” and the input uncertainty level.  
4. Select “PDP” as the density distribution 
5. Select “Cross-correlation” as the basis for comparison 
6. Select “Metric squared stress” as the criterion 
7. Click “Get Dimensions” 
8. Note the stress versus dimensions relationship in the scree plot. More than 3 

dimensions are not particularly useful, because we want to display this data in 2 or 3 
dimensions. Given the high stress, we can expect a fairly poor fit in the Shepard plot.  

9. Input “2” in the number of dimensions to use in MDS box.  
10. Select “Plot MDS and Shepard plots” 
11. Your figure should now look as below.  

  
 

3.2. 2D metric MDS with squared stress of Kuiper V value 
1. That is clearly not the MDS that we want to use for this data set. Let’s try again.  
2. Select “Kuiper test V value” for the basis for comparison 
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3. Leave the criterion as “Metric squared stress” 
4. Select “Get MDS dimensions” 
5. Note how much lower the stress is for 2 or 3 dimensions compared to the previous 

example.  
6. Input “2” in the number of dimensions to use in MDS box.  
7. Select “Plot MDS and Shepard plots” 
8. Your figure should now look as below.  

  
 

3.3. 3D metric MDS with squared stress of Kuiper V value  
1. What if we plot it in 3 dimensions? 
2. Input “3” in the number of dimensions to use in MDS box.  
3. Select “Plot MDS and Shepard plots” 
4. Your figure should now look as below.  
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5. Select the “Rotate 3D” tool (the icon showing a cube with a circular arrow around it, 

in the upper left corner. See the red box above). 
6. Now you should be able to rotate the MDS plot to examine the relationships between 

samples.  
 

3.4. Saving figures and MDS  
1. Since this is an acceptable stress, let’s save this run.  
2. Select “Export Figures” 
3. Two figures will pop up showing the Shepard and MDS plots. These figures can be 

saved in a variety of formats. We will focus on vector formats.  
4. 2D plots can be saved in an editable vector format (compatible with Adobe Illustrator 

for example) by opening the “File” menu on the figure, selecting “Save as”, and 
saving it as a “.eps” figure. This figure can be opened in Illustrator or other vector art 
programs.  

5. For 3D plots, open the “File” menu as above. Select “Export Setup”. Under 
“Properties”, highlight “Rendering”. Ensure that the “Custom renderer” box is 
checked and set the Custom Renderer to “painters (vector format)”. Select “Apply to 
Figure” and then “Export”.  Save as a “.eps” file as before. This file can be opened by 
Illustrator or other vector art software.  

6. “Export MDS scaling” allows you to export the XY coordinates (or XYZ for 3D 
MDS) to an Excel spreadsheet. This can then be plotted in the program of your 
choice. 
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4. APPLICATION 3: DZSTATS 
Learning goals: 
-Understand how to compare a sample set using DZstats 
-Understand the difference between PDPs and KDEs and how to analyze each using DZstats 
-How and why to implement bootstrapping (repeated subsampling and comparison) using 
DZstats 
-The dangers of relying on p values for data interpretation 

4.1. Comparison using Intersample Compare of PDPs 
DZstats has built-in options for sample comparison using PDPs (1, below), adaptive bandwidth 
KDEs (2, below), or locally adaptive bandwidth (3, below). We will start by comparing 11 
samples based on their PDPs and CDFs. 

 

1. Open DZstats by double clicking the icon in in the folder where you saved the 
application.  

2. In the DZstats opening window, select “Probability Density Plot” as the distribution type, 
and then click on “Intersample Compare”. 

3. In the Intersample Compare window, select “Browser” and navigate to 
“Application_3_U_Pb_ages_and_uncertainties.csv”. 

4. Set the x_min to 0 Ma, the x_max to 3000 Ma, and the x to 1 Myr. 
5. Select “Plot”. Your window should look as below.  

1 

2 

3 
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6. You can now examine the dissimilarity matrix for each of the metrics in buttons below 
the plots.  If you select “Cross-correlation” a new window will open which looks like the 
figure below.  

 
 

7. You can also run all of the calculations and export the results to a spreadsheet, by 
selecting the button on the bottom right.  

8. This will open a dialog box.  Note where you save the file, then navigate to that file and 
open it.  All of the comparisons are saved on sheet 1. The samples are in the same order 
in the similarity matrix as the input file.  
 

4.2. Comparison using Intersample Compare of KDEs with fixed bandwidths 
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There are times when you might want to compare samples based on their KDEs but with a 
constant bandwidth, which is applied to all samples. 

 

Format of Example_data_1_U_Pb_ages_ 
and_uncertainties.csv for PDP comparison. 
1σ grain age uncertainties are shown in 
columns B, D, and F.

 

Format of Example_data_1_U_Pb_ages_ 
and_uncertainties.csv for KDE comparison. 
1σ bandwidths (10 Myr) are shown in 
columns B, D, and F. 

1. To do this with DZstats, open the file that we used previously 
(Application_2_U_Pb_ages_and_uncertainties.csv) in Excel or another spreadsheet 
editing software package. In the file, columns B, D, F, H, J, L, N, P, R, T, and V have the 
bandwidth for the ages in the preceding column (A, C, etc). Currently the bandwidth is 
the analytical uncertainty (1σ) for each age. In order to analyze fixed bandwidth KDEs, 
replace the uncertainties with a constant value, as shown above. 

2. Save as a new .csv file. 
3. In the DZstats opening window, select “Probability Density Plot” as the distribution type, 

and then click on “Intersample Compare”. 
4. In the Intersample Compare window, select “Browser” and navigate to your new file and 

upload it.  
5. Set the x_min to 0 Ma, the x_max to 3000 Ma, and the x to 1 Myr. 
6. Select “Plot”. Your window should look as below.  
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7. The rest of the analysis can proceed following the steps for “Comparison using 

Intersample Compare of PDPs” above 

4.3. Comparison using Subsample Compare of PDPs 
Analysis of sample sets with widely differing sample sizes can lead to erroneous results 

because the comparison does not account for the differing accuracy of the age distribution based 
on fewer or more grain ages. Repeated analysis using subsamples with a fixed grain count drawn 
from the samples with replacement is one way to mitigate these errors. This method also 
provides an estimate of the precision of the metrics. In DZstats, this can be implemented using 
the Subsample Compare routine.  

1.  Open DZstats by double clicking the icon in in the folder where you saved the 
application.  

2. In the DZstats opening window, select “Probability Density Plot” as the distribution type, 
and then click on “Subsample Compare”. 

3. In the Intersample Compare window, select “Browser” and navigate to 
“Application_3_U_Pb_ages_and_uncertainties.csv”. 

4. Leave x_min, x_max, and x at their default values.  
5. “n” determines how many grains will be selected from each sample. Since the smallest 

sample size in this example is 100 grains, set n for 90. This will ensure that there is 
variation even in the smallest sample.  

6. “t” determines how many times we will drawn and compare grain ages. Set this for 1,000. 
7. Select “Plot trial 1 of n random subsamples”. Your window should look as below.  
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8. You can now view the similarity matrix for each of the metrics by selecting the 
appropriate button on the bottom.  

9. Selecting “Cross-correlation” will result in a pop-up window that shows the selected n (= 
90) and t (= 1000) as well as the mean Cross-correlation from the 1,000 trials, and the 
associated standard deviation based. 
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10. As an example of the dangers of using p values, select “K-S Test” or “Kuiper Test”.  In 
order to interpret the result, you need to know that sample 1 is a mixture of samples 2, 4–
9, and 11. So, those p values in row 1 should be >0.05. However, that is not the case with 
either the Kuiper or K-S tests (see below). For the Kuiper test, one sample (9) yielded a p 
value > 0.05.  For the K-S test, two samples (3 and 9) have p values >0.05. One of those 
samples (3) was not mixed into sample 1. 

 
 

 
 

11. As above, you can export all of the comparison metrics as a spreadsheet by selecting the 
“Run all tests and export spreadsheet” button on the bottom right. This will open a dialog 
box.  Note where you save the file, then navigate to that file and open it.  In addition to 
the mean and standard deviation, the software will export the minimum and maximum for 
each metric. 

  


