Data Screening and Transformations

» Objectives:
Discuss Steps for Analysis: Data Screening, Data Manipulation

Go over the principles of data exploration

» Learning Outcomes:

Be ready to plan your analysis: Develop Metadata and Analysis Log

Be able to screen and manipulate your data with PC-ORD




Data Exploration — Documenting Flow

* Flow diagram: sequence of changes / analysis
* Analysis log: input, output, results

« Save all input and output files — and data edits

CICre RATW _ T Metadata:
(species data) Meta-data ( ate vartahles) d at a
Sawve as * wkl from Save as * wil from abOUt
Ezzcel
N e data
! Inportto PC-ORD
LICHI4CHE TXET LICHS4 WK1 LICH®4-2 WK1 LIC;I—I%-E CHE.TXET
{Listing of data for error {PC-ORD spread sheet) (PC-ORD spreadsheet) (Listing of dglta for error
checking) {species data) ( site variables) checking)
List of Clean Clean List of

errors Data Data errors




Data Exploration — Documenting Flow

LICH?4 WE1
(PC-0ORD spreadsheet)
(species data)
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Data Exploration — Documenting Flow

Froject

e Use Clear, Student funalysis Log Date

descriptive

gt filels) Artion Result or conclusion Chatgrat fileds)

titles (dated)

«Save all

output files

*Keep a

flowchart or
dated record

Record WHY

you did it...

you will

forget! Page _ of




Project
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Data Exploration — Documenting Flow

* Are column / rows means and
» Screening: ranges reasonable?

* Are the sample sizes correct?

 Are there missing data / outliers?
» Cleaning: * Fix typos

* Erase / Correct incomplete data

» Check effects of corrections

» Transformations:
* Look up assumptions of test

» Check data distributions

* Make transformations (re-check)




Data Exploration — Data Screening

@2 Main - PCATM. WK1

Metadata

| * 96 samples
1997 jan 0.23
1997feb 1997.0583  -0.482 0.25 -5 = ° 5 Variables
1997 mar 1997.167 -0.174 0.865 55 65
1997apr 1997.25 0.465 1.05 49 50
1997 may 1997.333 1.1 1.53 126 45 ° Data typef)
1997 jun 1997.417 2.316 2,76 -G8 -86
1997jul 1997.5 2. 648 2.35 75 145 . EXpIanatiOn
1997aug 1997.533 2.876 2.78 19 105
1997=ep 1997.667 2.547 2.189 -27 -58
1997oct 1997.75 2.217 1.61 29 15

% PC-ORD 5.10
el Modify Daka
Showe Current Profile % zeros, data ranges, skewness

» Show Current Profile

Wizard




Data Exploration — Current Profile

Main matrix: PCLI1IM.WE1

% ZeI’OSZ Main matrix
speciesdata =<z @m0

Iverage distance — REela.Eucl. 0.05615

Lowest / highest value:

typos (errors) Rows
Contents: 96 stands
akewness
bverage 2.2
SkewneSS Ma irnarn a.2
non-normality o Efini:ﬂgls, 5 ié
-1<SK <1 Potential Outliers
Distance measure: Eela.Eucl.
Outliers: Fotrem
(in SD units) 0.0-
a.0-
o.0-

2 SD -> 96% R eperirtshsisases




Data Exploration — Summary |

SN e Ordinaktion  Graph  Groups

_ompack-Format Daka Summary

> D ata S u m m ary | Row And Colurmn Surnmary

iouklier Analysis

Species-area Curves
apecies Lists
Write Distance Matrix

Mean SD Range Diversity

Autinary of: S variahle N = 96 stands

LVERAGES: 41z .2 27.58 0.3957E+0S  343.0 490.1 95.0 0.953 4.479 0.9873

S = Richness = number of non-zero elements in row

E = Evenness =H/In (Richness)

H = Diversity = - sum (Pi*In(Pi)) = Shannon's diversity index

D = Simpson's diversity index for infinite population =1 - sum (Pi*Pi)




Data Exploration — Summary Il

» Skewness:

Steps to Fix

Taking the log
or square root
works for data
with moderate
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Data Exploration — 1-D Outliers

Detect —

Dezcribe —

et C.

Frequency
distribution of
a univariate
outlier falling
5.5 standard
deviations
above mean

Univarate Histograms, boxplots,
normal probability plots,

N ote which variables

and sample units are
involved.

15

Count

10m
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Data Exploration — 1-D Outliers

EEgM Gtoups  Tools  Window  Options  Help

Scatkerplok

Dominance Curves o
Scatkerplot Makrix

Distributions

Main Matrix

Summary

Frequency
s Observed

-1.0

]

1.0 20 3.0
MEI

» Describe the distribution:

In graph and tabular form

@2 Result - RESULT. TXT

Basic descriptive statistics

0.2946 =
1.074 =
1.036 =

0.9446 =

0.9300E-01

-1.194

0.1000E-0Z
2.876 =
4.0%0

mean

variance

standard deviation
skewness

median

minirrn

smallest positive walue




Data Exploration — 1-D Outliers

Summary

40 1 Frequency

s Observed

] L]
Lan] L]
1 1

Frequency

=
L]
1

1.0 20 3.0

MEI

-1.0 ]

Discrete Distribution

DIZTREIEBEUTIONS for wariable: HMEI
Values are density estimates from wvarious models.
-99.95938 =

Distribution type

Summary
0.40 4 Density
« Wemel 4
Mormal

0.30 4
=
e 020
[
[m]

0.10

+H\'A\n
0.00 4, .
2 0 2
MEI

Continuous Distribution
Test for significance: off PC-ORD

not enough data or incomwpatible data.

Step Eernel 1 Kernel =2 Eernel 3 Eernel 4 Mormal Lognorm
] 0.1a57 0.1711 0.1527 0.1773 .1:/c -100.0
1 0.253%9 0.2235 0.2106 0.2179 . 1695 -100.0




Data Exploration — 2-D Outliers

25
20

Spl

A bivariate outlier that 1s not a univariate outlier
for either of the two variables Spl and Sp2




Data Exploration — 2-D Outliers

iGroups  Tools  Window Oy

Scatterplak

Darminance Curyes
Scatterplob Matrix

Distributions

iGroups  Tools  Window O

Scatterplak

Darninance Curyes

Scatterplok Matrix

Distributions

Summary




Type

Data Exploration — 2-D Outliers

Detect —

Deszscribe —

MMultivanate

A Compute Mahalanobis
cistance (chistance from a
sample umt to the group of
remaining sample units).
Use a very conservative
probability, e g p = 0.001.
Use a chi-square table with
degrees of freedom equal to
the number of variables. If
data are grouped, seek
outliers in each group.

OR

B. Calculate average
cdistance, using yvour choice
of distance measzsure, from
each sample unit to every
other sample umt. Examine
SUs that fall greater than
some number of standard
dewviations (say 2 or 3)
above the mean for average

Ifthere are only a few
outlying sample units
(cases), examune each
cazse. If there are many
outhiers, create a
dummy grouping
variable where outher
cages are given a 1 and
others get dummy=0.
Use the dumnry
wvariable as the grouping
variable in discrimin ant
analysis or as a
dependent variable 1n
multiple regression.




Data Exploration — Outliers

ShnEea Ordination  Graph Groups

Distance® | Fregquency [each "X reprezsents one entity)

_ompack-Faormat Data Surmmary
Row And Column Summary

Cklier Analysis

Species-area CuUrves |

i . 183.31480 |X
Species Lists 170.20206 | XXX

. . . 157.08932 | XX
Write Distance Matrix 14397658 | LETTXXLX

130.863585 | ZEXIX

117.751058 | ZEXXX

104, 635834 | TEXIEXIEXIEXE

91.52559 | EEEEIIEIIEXX

TE.41:284 | EEEEEE RN N R R R EEEEY

" Sarensen (Bray-Cutis) | | - it b i i b b i b -

(X)

Qutlier Analysis

Distance Measure

" Colurmns: variables " Relative Sorensen

" Jaccard
Outlier
% Eucli [,
" Graph frequency distribution Euclidean (Pythagorean) Frar Y
= Write list of outliers O Relative Euclidean
" Wyrite ranked list " Caorrelation
v All the above ¢ Chirsquared

" Sguared Euclidean

Cutaff= 2.0 g.d.'s to flag outliers

Ok | Cancel | Help




Data Exploration — Outliers
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Average Distance

Frequency distribution of average relative Euclidean
distances to a sample unit, given a sample size of
25. The sample marked with the red circle is 3.2 SD
units above the mean of the average distances




Data Manipulations

» You can manipulate data directly in PC-ORD

o [lu[[@NEETEN Summary Crdinakion

hI
r

» Modify / Append Data |
I

Relativizations. .,
Mulkiply Matrices

Append Makrix

» Delete Columns / Rows

» Multiply / Add Constant

» Randomly Sample

Mulkiply Or Add A Conskank
Random Sample

» Shuifle Data

r
r
r
oo
r
4

Note: Beals smoothing is Experimental - DO NOT USE




Data Transformations

» What are the two reasons for data transformations?

> Statistical:

* Meet assumptions (normality, linearity, variances,...)

» EXpress variables in the same units (km, km/hr):

> Ecoloqgical:

* Make distance measures work better
* Reduce influence of total quantity (sample totals)
« Deal with importance of “rare” / “common” species

* |dentify informative species




Data Transformations - Nomenclature

» Monotonic: Element values are changed, but
ranks stay the same (e.g., change unit from km to m)

» Relativization: Adjusts matrix elements by one
column / row standard (e.g., total, maximum)

Note: Not all transformations are reasonable or
feasible with all types of data (e.g., negative, P/A)




Data Transformation

Gl REEEN Summary Ordinakion  Graph Groups  Tools  Window  Opkions  Help

Transformations. . . Main Matrix Power Transformation
Relativizations. . . b Logarithrnic Transformation
Beals Smookhing Presence-absence
Arcsine Transformation
Append Makrix a Arcsine Squarerook
Transpose Matrix ¢
Delete Rows, ., » : up_35 up_+-
Dielete Columns. . p53 -0.135886 -0.27743
Multiply Cr Add & Constant » 35 -0.13888 0.105688
Random Sample T 1.52768  0.858719
Shuffle Daka |

- 15 0.3506402 '0.660553




Data Transformation

» Monotonic transformations retain ranks, but change values

Reasonable and acceptable  Range of /ix)
domam of x

MONOTONIC TRANSFORMATIONS

P/A

(2/n)-arcsm(x)

(2/n)-arcsin (x*)

x) = i)

Power exponents: %z (square root), 2 (squared), 3 (cubed)

Note: O used to recode data as Presence / Absence (0 /1)




Data Transformations — Example |

Logarithmic transformation fx =In(x) OR log(x)

Reasonable and tabl Range of
TRANSFORMATION ason dmsa}mn nfa;“"p € ge of /%)
log(x) positive all

» This transformation is useful when:

* high degree of variation within attributes (e.g., Chl Conc.)
* high degree of variation among attributes within a sample
* helps if there are large outliers and lots of zeros

» Note: to log-transform data containing zeros, a
small number should be added to all data points.

« With count data, add one, so that: fx = log(0+1) =0

* With density data, add constant smaller than smallest
possible sample, so that: fx = log(0+0.001) = -3




Data Transformations — Example Il

Arcsine / Arcsine-squareroot transformation

TRANSFORMATION Reasonable :?nd acceptable Range of fix)
domam of x
(2/n)-arcsm(x) 0<x=<1 0 to 1 melusive
(2/n)-arcsin (x*) 0<x=<1 0 to 1 melusive

» This transformation is useful when:
* normalizing proportion data (e.g., Percent Cover)

» Note: data must range between zero and one, inclusive.
If they are not, you should relativize (general relativization
or relativization by maximum) before selecting this option.

The constant 2 / pi scales the result of arcsin(x) [in
radians] to range from O to 1, assuming that 0 < x < 1.
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2.0 -

2.0 4

1.0 1

004,

Data Transformation — How to...

Transformed Matrix

Do yvou wish to use TEMP . WK as the new hain Matnx?

Discard Help

Note:

Need to
accept
TEMP file

1.6

1.2 4

Density

0.4 4

0.0

004,

04 08 12 14 -1.0
chl

06
chl

-0.2

02




Data Relativization

» Relativization re-scales data using some criterion / standard.

» When its done by columns (e.g., species), variation across
plots is retained, but variation across species is standardized.

» Two approaches:

General Relativization: (by totals or sums) makes area
under each species distribution response curve = 1.

(input: x > 0; output: from O to 1)

Relativization by Maximum: (by max for column or row)
equalizes the heights of the peaks along the gradient

(input: x > 0; output: from O to 1)




Data Relativization

Gl ENETEN Surmmary Ordination  Graph Groups  Tools  Window  Oplions Help

Main Makrix k izeneral Relativization
Relativization By Maximun

adjust To Mean

| Transformations, .. k

Relativizations...

Beals Srmookhing

Append Makrix s fdijust To Standard Deviate
Transpose Matrix r Binary WiRespect To Mean
Delete Raows, ., » Rank Adjustment

Delete Calumns. .. » Binary WiRespeck To Median
Multiply Or Add A Conskant  » Yariakes By Ubiguity RowCol
Fandom Sarnple |2 Q2 Info Funckion OF Ubiguity

Shuffle Data L F=F-] e chl |[depth kn  |Clom

» General Relativization: (by totals or sums) makes area
under each species distribution response curve = 1.

(input: X > 0; output: from O to 1)

» Relativization by Maximum: (by max for column or row)
equalizes the heights of the peaks along the gradient

(input: X > O; output: from O to 1)




Data Relativization

Gl ENETEN Surmmary Ordination  Graph Groups  Tools  Window  Oplions Help
| Transformatians. . .

Main Makrix k izeneral Relativization

Relativizations...

Beals Srmookhing Relativizakion By Maximum

adjust To Mean
Append Makrix s fdijust To Standard Deviate

Transpose Matrix Binary WiRespect To Mean
Rank Adjustment
Binary WiRespeck To Median

Delete Rows. .,

Delete Columns. ..

Multiply Or Add A Conskant
Fandom Sarnple

Shuffle Data

variabes By Lbiquity RowiCo
Q2 Q2 Info Funckion OF Ubiguity
sSstC chl |depth Kk |Clo

T v v v v v

» Deviations: Value — Mean
» Z scores: (Value — Mean) / SD

» Binary response: Above (1) / Below (0)

» Ranks: Assigns ranks

(e.g., 0,0, 6,9 would receive the ranks 1.5, 1.5, 3, 4)




30k

20

sst

10 F

Data Relativization — How to...

Transformed Matrix

Do yvou wish to use TEMP . WK as the new hain Matnx?

Discard

Note:

Need to

accept

Help | | TEMP file
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Data Exploration - Summary

» Create naming convention for your files (metadata record)
(DATE_AREA_SP_suffix)
9710 Oahu WTSH raw

» Create a data flow archive in your analysis notebook

» Check assumptions of statistical tests / approaches
(PCA: normality of data, linear relationships)

» Visually inspect your data: 1-D, 2-D, many-D.

 Look for missing data and outliers in individual datasets

- Inspect relationships between variables (pairs, multiple)




Data Manipulation - Summary

» Add missing data and fix typos
» Ensure variables expressed in the same units (km / m)

» Select the number and identify of species

(Rare species that occur in a single sample
contribute virtually no information, but add noise)

» Look for and deal with outliers: (Remove OR Transform)

» Deal with confounding factors, such as the different
magnitude of environmental variables (e.g., depth in m or km)
and the proportional representation of different species

(Relativize your data)




CHAPTER 9

Data Transformations

Tables, Figures, and Equations

From: McCune, B. & J. B. Grace. 2002. Analysis of
Ecological Communities. MjM Software Design,
Gleneden Beach, Oregon http://www.pcord.com




A general procedure for data adjustments

Species data

Table 9.3. Suggested procedure for data adjustments of species data matrices.

Action to be considered Criteria

1. Calculate descriptive statistics. Repeat Always
this after each step below. (In PC-ORD run
Row & column summary)
Beta diversity (community data sets)
Average skewness of columns
Coefficient of variation (CV, %)
CV of row totals
CV of column totals

2. Delete rare species (< 5% of sample units) Usually applied to community data sets,
unless contrary to study goals




Species data, cont.

3. Monotonic transformation (if applied to species, A. Average skewness of columns (species)
all are scaled the same) (Count and biomass data often are extreme.)

C. Beta diversity. (Consider presence/absence
transformation for community data when 3 is high.)



Species data, cont.

3. Monotonic transformation (if applied to species,
then usually applied uniformly to all of them, so that
all are scaled the same)

A. Average skewness of columns (species)

B. Data range over how many orders of magnitude?
(Count and biomass data often are extreme.)

C. Beta diversity. (Consider presence/absence
transformation for community data when f3 is high.)

4. Row or column relativizations

What is the question?

Are units for all variables the same?

Is relativization built into the subsequent analysis?
CV of row totals

CV of column totals

What distance measure do you intend to use?

Note: regardless of your decision to relativize or not,
you should state your decision and justify it briefly on
biological grounds.




Species data, cont.

5. Check for outliers based on the average distance of
each point from all other points. Calculate standard
deviation of these average distances. Describe
outliers and take steps to reduce influence, if
necessary

standard

deviation
<2
2-23
2.3-3
>3

degree of
problem

no problem
weak outlier
moderate outlier
strong outlier




Environmental data

Table 9.4. Suggested procedure for data adjustments of quantitative variables in environmental data matrices.

Action to be considered

Criteria

1. Calculate descriptive statistics for
quantitative variables. Repeat this
after each step below. (In PC-ORD
run Row & column summary)

Skewness and range for each
variable (column)

2. Monotonic transformation (applied
to individual variables, depending on
need)

Always

Consider log or square root transformation for variables with
skewness > 1 or ranging over several orders of magnitude.

Consider arcsine squareroot transformation for proportion data.



Environmental data

Table 9.4. Suggested procedure for data adjustments of quantitative variables in environmental data matrices.

Action to be considered Criteria

1. Calculate descriptive statistics for Always
quantitative variables. Repeat this

after each step below. (In PC-ORD

run Row & column summary)

Skewness and range for each
variable (column)

2. Monotonic transformation (applied Consider log or square root transformation for variables with

to individual variables, depending on skewness > 1 or ranging over several orders of magnitude.
need) Consider arcsine squareroot transformation for proportion data.
3. Column relativizations Consider column relativization (by norm or standard deviates) if

environmental variables are to be used in a distance-based
analysis that does not automatically relativize the variables (for
example, using MRPP to answer the question: do groups of
sample units defined by species differ in environmental space?).
Column relativization is not necessary for analyses that use the
variables one at a time (e.g., ordination overlays) or for analyses
with built-in standardization (e.g., PCA of a correlation matrix).



Environmental data

Table 9.4. Suggested procedure for data adjustments of quantitative variables in environmental data matrices.

Action to be considered Criteria

1. Calculate descriptive statistics for Always
quantitative variables. Repeat this

after each step below. (In PC-ORD

run Row & column summary)

Skewness and range for each
variable (column)

2. Monotonic transformation (applied Consider log or square root transformation for variables with

to individual variables, depending on skewness > 1 or ranging over several orders of magnitude.
need) Consider arcsine squareroot transformation for proportion data.
3. Column relativizations Consider column relativization (by norm or standard deviates) if

environmental variables are to be used in a distance-based
analysis that does not automatically relativize the variables (for
example, using MRPP to answer the question: do groups of
sample units defined by species differ in environmental space?).
Column relativization is not necessary for analyses that use the
variables one at a time (e.g., ordination overlays) or for analyses
with built-in standardization (e.g., PCA of a correlation matrix).

4. Check for univariate outliers and Examine scatterplots or frequency distributions or relativize by
take corrective steps if necessary. standard deviates (“z scores”) and check for high absolute
values.




