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What is monitoring???

Word is used in many different ways
FREP program describes 4 kinds of 
monitoring: 

Compliance;
Implementation;
Effectiveness; and 
Validation  (more like research)
(see FRPA evaluator Tech. Note #2)



What is monitoring???

Legg & Nagy (2006) quote Hellawell:
“intermittent recording of the condition of a 
feature of interest to detect or measure 
compliance with a predetermined standard”
But many authors, including Legg & Nagy 
seem to use it more generally, to mean any 
systematic study and collection of data out 
there in the “real world”. 



“Statistical analysis and interpretation are 
the least critical aspects of 
experimentation, in that if purely 
statistical or interpretative errors are 
made, the data can be reanalyzed.  On 
the other hand, the only complete remedy 
for design or execution errors is 
repetition of the experiment.”

(Hurlbert, 1984, p 189)



Monitoring Study Life Cycle
 Steps:

1) Identify need for study
2) Design
3) Establish
4) Collect data and

maintain site(s)
5) Analyse data
6) Communicate results
7) Wrap-up

 Documentation:
Problem Analysis
Working Plan
Establishment 
Report
Project Diary

Progress and/or 
Final Report(s)



The Role of Statistics and 
Statisticians

The statistician’s expertise is particularly
relevant during:

Design of the monitoring study (step 2)
Analysis and interpretation of collected data 
(steps 5 and 6)

Research scientists can often provide this 
expertise at a basic level.



Questions we ask about design:
What questions are we trying to answer 
with this study?  What is the objective?
How can we design this study to answer 
these questions and yet do so within the 
given logical and resource restraints?
What internal and external threats could 
undermine our confidence in the final 
results? How can we mitigate against these 
threats?



Questions we ask about 
analysis and interpretation:

How do we analyse this data to answer the 
questions? 
What assumptions are necessary to do this 
analysis and make these conclusions?
And how well do we know these 
conclusions? (e.g. confidence limits around 
a mean and/or power to detect a difference).



“Statistical designs always involve compromises 
between the desirable and the possible”. 

- Leslie Kish

Some assumptions and simplifications 
must always be made.
We must understand their consequences: 

Will others agree with them?
How do they weaken our ability to 
generalize the results?
How do they weaken any cause and effect 
statements that we might like to make? 



Random Selection & Assignment

Every study should have two sorts of 
randomness:

Random Selection of experimental material 
from a clearly defined population

supports generalizatibility of results
Random Assignment of any treatments or 
“factors of interest” to that material

supports cause and effect statements



Objective

Be as specific and detailed as possible.
Describe the population under study.

To what population do we want our trial 
results to be relevant?  That is, what material 
do we want to study?
What population can we study?  How does 
this limit our study results?

Q1



Populations



Objective
Consider a range of possible outcomes 
and what that means for the design and 
data analysis and interpretation.
Draw pictures or clearly describe what 
would happen for a number of scenarios.  
E.g. what would happen if a management 
practice worked?  What if it didn’t work?



Objective
Decide on an alternative hypothesis 
with corresponding effect size (ES) that 
is meaningful from a biological or 
management perspective.  

What size of effect would require 
management practices to change or would 
indicate a biologically significant change 
has occurred?



Objective
These pictures or descriptions can be 
used to build a statistical model that 
describes what happens if the 
management practice works and if it 
doesn’t.
This model provides the foundation for 
the data analysis and for a power 
analysis.



Power Analysis
A power analysis is used to determine 
whether the monitoring study can detect 
differences that are meaningful from a 
biological and/or management point of 
view.
If it is not possible with the current design 
then maybe more resources are required, 
the design should be changed, or the 
study shouldn’t be conducted.



Power Analysis
Power analysis requires choosing or 
having values for:

The desired Type I error rate: α
The desired Type II error rate: ß

(or the power, 1- ß)
The Background Variability (σ)
The Effect Size (or alternate hypothesis)
Sample Size (beware of sub-samples!)



Possible outcomes:

Conclusion from study:

True State:
No Change 
or Effect

Some Change 
or Effect

No Change 
(Null hypothesis)

Correct!
Prob = 1 - α

Wrong!
Prob = α

Some change
(Alternate hypothesis)

Wrong!
Prob = ß

Correct!
Prob = 1 - ß



The Two error rates

Alpha, α, is the probability that you 
conclude there was a change when there 
really wasn’t.
The power, 1 – ß, is probability that you 
conclude there was a change when there 
really was.
We want both α and ß to be small

But they are on a teeter-totter – when one 
goes up the other goes down!



Default for α is usually 0.05 while ß is 
often unspecified (and unknown).
But which mistake is more costly?
Di Stefano (2001) suggests using their 
ratio in planning (α : ß), where the ratio is 
determined by the difference in costs.

The Two error rates



Background variability

Estimate the background variability.  
This is the variability we would expect in 
our indicator variable if there was no real 
change

Previous study(s) might have some data.
Conduct a pilot study
Simulation modelling or ballpark guesses



Effect Size

The effect size is a measure of the 
difference of the alternate hypothesis 
from the null hypothesis.
It is converted into a “non-centrality”
parameter for the statistic used for testing.
This non-centrality parameter is usually a 
ratio of the difference to a measure of the 
background variability. 



Sample Size

This is the number of sampling or 
experimental units in the study.
Sub-samples are often treated as if they 
were sampling units.  This results in 
pseudo-replication.

In which case, the power will appear greater 
than it actually is and significance more likely.
Can include effect of changing the number of 
sub-samples in a power analysis.



How do we do a Power Analysis?

Fix four of the five elements and look at 
how the fifth one varies:

Resources may limit the maximum sample 
size, so we could fix that and check how the 
effect size changes with the error ratio.
Fix everything but the sample size and see 
how the error ratio changes or the effect size 
changes with sample size.
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Sigma of 20 and Sample Size of 10
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Sample Size of 10 and Effect Size of 16
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Alpha level of 0.05 and Effect Size of 16
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Refining the design

Are there ways to reduce the background 
variability (e.g. blocking, more similar 
sampling units, analysis of covariance)?
Should you increase the differences between 
treatments so that effects will be larger?
Are one-tailed tests appropriate?
Are there appropriate planned comparisons?



Conclusions

Determine the objective in considerable 
detail.
Don’t forget the “ideals” of random 
selection and random assignment.
Conduct a power analysis during design.
What weaknesses could critics find?
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