
Data Screening and Transformations

Learning Outcomes:

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

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

Objectives:

Discuss Steps for Analysis:  Data Screening, Data Manipulation 

Go over the principles of data exploration 



Data Exploration – Documenting Flow

• Flow diagram:  sequence of changes / analysis

• Analysis log:  input, output, results

• Save all input and output files – and data edits

Metadata:
data           

about          
data

List of 
errors

List of 
errors

Clean 
Data

Clean 
Data



Data Exploration – Documenting Flow

PC-ORD

GIS - Stats

• File Names

• File Contents

• Connections

• Links to other 
software

• Products:

- figures

- tables

- results



Data Exploration – Documenting Flow
• Use clear, 
descriptive 
titles (dated)

•Save all 
output files

•Keep a 
flowchart or 
dated record

•Record WHY 
you did it…
you will
forget!





Data Exploration – Documenting Flow

Screening: 

Cleaning:

Transformations: 

• Are column / rows means and 
ranges reasonable?

• Are the sample sizes correct?

• Are there missing data / outliers?

• Look up assumptions of test

• Check data distributions

• Make transformations (re-check)

• Fix typos

• Erase / Correct incomplete data

• Check effects of corrections



Data Exploration – Data Screening

Metadata

• 96 samples

• 5 variables

• Data type?

• Explanation

Show Current Profile 

% zeros, data ranges, skewness



Data Exploration – Current Profile

Lowest / highest value:

typos (errors)

Skewness:
non-normality

% zeros: 
species data

Outliers:                               
(in SD units)

2 SD -> 96%

-1 < SK < 1



Data Exploration – Summary I

Data Summary: 

Mean      SD Range

S = Richness  = number of non-zero elements in row
E = Evenness  = H / ln (Richness)
H = Diversity = - sum (Pi*ln(Pi)) = Shannon`s diversity index
D = Simpson`s diversity index for infinite population = 1 - sum (Pi*Pi)

Diversity



Data Exploration – Summary II

Skewness: 0

Steps to Fix 
Skewness:

Taking the log  
or square root              
works for data 
with moderate 
skewness



Data Exploration – 1‐D Outliers

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



Data Exploration – 1‐D Outliers

Describe the distribution:  

In graph and tabular form



Data Exploration – 1‐D Outliers

Discrete Distribution                   Continuous Distribution
Test for significance: off PC-ORD



Data Exploration – 2‐D Outliers
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Data Exploration – 2‐D Outliers



Data Exploration – 2‐D Outliers



Data Exploration – Outliers



Data Exploration – Outliers
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Data Manipulations

You can manipulate data directly in PC-ORD

Modify / Append Data

Delete Columns / Rows

Multiply / Add Constant

Randomly Sample

Shuffle Data

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): 

Ecological: 

• Make distance measures work better 

• Reduce influence of total quantity (sample totals)

• Deal with importance of “rare” / “common” species

• Identify 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



Data Transformation

Monotonic transformations retain ranks, but change values

(x)                         f(x)

P / A

Power exponents: ½ (square root),  2 (squared),  3 (cubed) 

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



Data Transformations – Example I
Logarithmic transformation fx = ln(x)   OR  log(x)

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 II
Arcsine / Arcsine-squareroot transformation 

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 0 to 1, assuming that 0 < x < 1.



Data Transformation – How to…
Note:

Need to 
accept 
TEMP file



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 0 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 0 to 1)



Data Relativization

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

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



Data Relativization

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)



Data Relativization – How to…
Note:

Need to 
accept 
TEMP file



Data Exploration ‐ Summary

Create naming convention for your files (metadata record)

Create a data flow archive in your analysis notebook

Check assumptions of statistical tests / approaches

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)

(DATE_AREA_SP_suffix)
9710_Oahu_WTSH_raw

(PCA:  normality of data, linear relationships)



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

Look for and deal with outliers:  

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

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

(Remove OR Transform)

(Relativize your data)



CHAPTER 9 

Data Transformations 

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

Tables, Figures, and Equations



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 
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 

Always 

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, 
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 β is high.) 

 



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 β 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.



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 - 2.3 
   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) 

Always 

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

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

Skewness and range for each 
variable (column) 

Always 

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

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. 

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

Skewness and range for each 
variable (column) 

Always 

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

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. 

 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 
take corrective steps if necessary. 

Examine scatterplots or frequency distributions or relativize by 
standard deviates (“z scores”) and check for high absolute 
values.   


