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Software packages

R (http://www.r-project.org/) R is a powerful programming
environment that is available as free software for a variety of
platforms. Although it has a very steep learning curve and may
be difficult to use for non-specialized users it offers the most
comprehensive selection of graphical and statistical routines
and it is continuously improved by a large scientific community.
Available for Windows, MacOS, Linux/Unix

SAS (http://www.sas.com/technologies/analytics/statistics/;
available for Windows, Linux/Unix), STATISTICA (http://
www.statsoft.com/; available for Windows only) and SPSS
(http://www.spss.com/statistics/; available for Windows,
MacOS, Linux/Unix) offer extensive data manipulation,
statistical analysis, and graphing procedures; a variety of
software modules for specialized applications are available.
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Software packages

Systat (http://board.systat.com/Default.aspx) is a generalist
program with excellent graphing facilities and a large selection
of univariate and multivariate statistical tools. Systat Inc. offers
Mystat, a (much) simplified version of Systat as free software
for the use of students in academic environments. Runs only
under Windows environments.

The Unscrambler (http://www.camo.com/rt/Products/
Unscrambler/unscrambler.html) is a specialized software which
offers a large selection of multivariate statistical techniques and
design of experiments. Runs only under Windows
environments.

Neurosolutions (http://www.neurosolutions.com/) offers a
variety of packages for analyzing statistical problems by using
Artificial Neural Networks, working under different
environments.
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R with Remdr

_® R File Edit Format Workspace Packages&Data Misc Window Help
[- NeNs] RCc

R version 2.13.0 (2011-04-13)

Copyright (C) 2011 The R Foundation for Statistical Computing
ISBN 3-920051-87-2

Platform: x86_64-apple-darwind.8.9/x86_64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or

"help.start()' for an HTML browser interface to help.

Type 'q()" to guit R.

[R.app GUI 1.48 (5751) x86_64-apple-darwin9.8.0]

[History restored from /Users/eugenio/.Rapp.history]

> library(Rcmdr)
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R with Remdr

R Console
4800 L -

File Edit Data Statistics Graphs Models Oistributions Tools Help

- R, Data set: <o active dataset> | Edit data set | View data set | Modek <o active model> -
R s free software and comes with ABSOLUTELY NO WARRANTY| SCTIPt Window
You are welcone to redistribute it under certain condit =
Type ‘license()' or ‘licence()' for distribution detail

Natural language support but running in an English log

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publicat

Type 'demo()' for some demos, 'help()' for on-line help,
thelp.start()' for an WTML browser interface to help.
Type 'a()’ to quit R.

0] D
[R.app GUI 1.40 (5751) x86_64-apple-darwind.8.0) Output Window Submit]

[History restored from /Users/eugenio/.Rapp.history) i

Loading required package: nnet
Loading required package: survival
Loading reauired package: splines

Readr Version 1.7-0

Attaching package: 'Rcndr!
The following object(s) are masked from ‘package:tcltk's
tclvalue

Warning messages:

1: package 'Rcadr' was built under R version 2.13.1
2: package 'car' was built under R version 2,13.1 T
3: package 'survival' was built under R version 2.13.2

] [1] NOTE: R Commander Version 1.7-0: Mon Dec 10 20:14:42 2012
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Multivariate data: is a summary table enough?

Table 2
Technological properties of lactic acid bacteria isolated from pasta filata cheese and from natural starter cultures

Group PH decrease Proteolysis (mgLeuL™") Autolysis® Peptidase activity, cell free extacts

37°Cc 0C 3C 30°C Rate (OD min™ Extent (-) pKatalmg™"

6h 24h6h 24h1d 74 1d 74 NaP NaQ NaCll NaP NaQ NaCl PepA PepX PepNC  Pepl
pH 7 pH 55 NaLac pH 7 pH 5.5 NaLac

pHSI pH 51

Enterococci

Min. 0.19 052027 048 280 263 240 262 003 002 003 005 006 006 007 000 0.00 004

Max. 138210 122196453 484 464 010 023 027 020 016 L6 020 o

Median 0.96 1.84 084 1.56 357 332 318 330 004 004 005 009 009 009 007 000 o 009
Lactobacillus fermertum

Min.

Max.

Median 0.94 1.00 069 094124 126 157 126 000 000 000 000 000 000 038 194 097 040
Lactobacillus helveticus

Min. 026237030 048357 435 310 411 000 000 000 000 000 002 001 031 003 001

Max. 0.9 3.34 067 474 476 475 008 007 013 022 021 018 011 146 354 045

Median 0.7 3.14 049 451 450 465 002 003 002 006 011 009 003 085 157 006
Lactococeus lactis

Min. 0.35 061 0.58 082223 245 000 000 000 000 000 000 002 o1l 0.06 0.00

Max. 212241 191 230 438 46 0 017 057 034 034 019 786 209 016

Median 185231 160 206339 37.5 004 006 003 008 013 008 009 141 050 004
NSLAB*

Min. 025072038078 19.1 367 191 255 000 000 000 000 001 002 000 000 004 000

Max. 152305 085254469 497 413 487 031 020 019 064 049 042 015 294 840 027

Median 0.7 264059 182377 467 383 447 006 005 005 026 017 015 002 024 291 008
Streptococcus thermophilus

Min. 0.88 230 117193137 186 58 69 000 001 001 000 000 000 008 186 003 004
Max. 1.46 247 131 213346 329 425 459 005 003 009 007 007 001 010 228 087 016
Median 103245122201 155 205 89 83 002 001 001 006 000 000 009 206 045 010

“Non-starter lactic acid bacteria (NSLAB) include Lb. casei, Lb. paracasei, Lb. 1 crrats.
PNaP pH 7: 50mmol L~ Na-phosphate, pH 7.0; NaCl pH $.5:02mol L™' NaCL. pH 5.5; NaCl/Nalac pH 5.1: $8.5 mmol L' Na-hactate, 0.7 mol L™! 755
Nacl, pH 5.1,

JOURAL

This set of data includes technologically relevant properties for lactic acid

bacteria isolated from Pasta Filata cheeses
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Multivariate data: is a summary graph enough?
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Exploring data: the scatterplot
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A simple 2D scatterplot may reveal grouping patterns (if you use different
symbols for different group of objects), correlations, distribution, need for
transformation



Exploring data: the scatterplot
— T~

>
o

e

ng Leu/100 mi

GROUP

Stherm
caseigroup
enterococci
heterof
lattococci
otherLb
thermoLb

201 e

open file technolab

A 3D scatteplot may be more difficult to read (hard to interpret the position of
the points because of perspective, usually points which are farther from the

observer are plotted as smaller) but may be useful in detecting grouping and
patterns
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Exploring data: jittered scatterplot
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When several points overlap adding a small random jitter to points may help in
visualization

11
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Exploring data: enhanced scatterplots with
border displays (1)
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border displays (2)

Exploring data: enhanced scatterplots with
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Scatterplots can be enhanced by adding border displays; here a symmetrical

dot plot + box plot
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Exploring data: enhanced scatterplots with
border displays (3)
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Stripe plot, useful for detecting density patterns

14
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Exploring data: enhanced scatterplots with

border displays (4)
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Multivariate kernel for distribution free density evaluation

15



11/12/2012 Multistat 3 cfu, Dec 2012 - Jan 2013

Exploring data: enhanced scatterplots with
border displays (5)
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Here density kernes are by group
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Exploring data: bubble plots
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A third variable, free amino acids, may be added as size of the points; be
careful; area is perceived in a different way than lenght; usually a square root
transformation helps



Exploring data: scatterplots with bivariate
confidence ellipses
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Bivariate ellipses can be drawn around group of points; they may either be
confidence ellipses for the centroid (the coordinates of the mean of the two
variables) or for the observations; be careful, they assume bivariate normal
distribution; a transformation may help in making your distribution closer to
normal. Orientation of the ellipse is either the covariance (sample confindence)
or the correplation (centroid confidence)
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Exploring data: scatterplots with bivariate
confidence kernels
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Confidence kernels work in the same way but do not assume a particular form

for the distribution
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Exploring data: contour density plots
25 :
20 - A%
~ 1.5 . _
O 10F [/ 48008 | -4 GROUP
.fo s i e caseigroup
05 2\ ed ., i - enterococci
. K . lactococci
0.0 el |
0.0 05 1.0 15 2.0
DPHB30
\._%x

If you want to detect “natural group”s of observations a kernel density contour
plot may help; this is actually the same as projecting on the x-y axis the cuts of
the z axis at various heights
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Exploring data: 3-D density scatterplots

21



density displays
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Exploring data: SPLOM (scatterplot matrix) with
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Scatterplot matrices are very useful for exploring the relationships between
several variables; the usual format is a triangular matrix; but you can also
select which variables should go on x and y

22
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Exploring data: SPLOM (scatterplot matrix) with
density displays
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Exploring data: scatterplots with smoothers
(linear)
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Smoothers help in seeing trends in the data but you should not abuse tham; it
you use a parametric smoother, like linear, log, power, etc, you actually fit a
regression and, just by magic points get closer to the regression line
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Exploring data: scatterplots with smoothers
(DWLS)
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Distance Weighted least Square Smooting is a non parametric smoother which
fits a curve to the data; all the data influence the curve at any given point but
their influence depends on their distance; a tension parameter can be used to
adjust the curve (the lower the tension the more the curve is affected by closer
rather than farther points)
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Exploring data: scatterplots with smoothers
(LOWESS)
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LOWESS Locally Weighted Scatteplot Smoothing
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Exploring data: SPLOM (scatterplot matrix)
with smoothers
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You can use smoothers in SPLOM but things may become a wee bit messy
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Exploring data: probability plots
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probability plots can be used for single variables to test if their distribution fits
a particulat model (normal, binomial, Poisson, etc.) and evaluate the need for
transformation or check if actually two populations are included in the data
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Exploring data: quantile-quantile plots
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It is often interesting to see if two variables share the same distribution; a
quantile-quantile plot compares the quantiles of the two distributions; if they
are similar you get a straight line with points neatly arranged; probability plots
can be used for single variables to test if their distribution fits a particulat
model (normal, binomial, Poisson, etc.) and evaluate the need for
transformation or check if actually two populations are included in the data
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Some rights reserved

This presentation was created by Eugenio Parente, 2008,
revised in 2012. With the exception of figures and tables
taken from published articles the material included in this
presentation is covered by Creative Commons Public
License “by-nc-sa” (http://creativecommons.org/licenses/by-
nc-sa/2.5/deed.en).
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