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Research Methods in 
Environmental Science

Module 6: Research 
Methods in the Biological 

Sciences

Research Methods in the 
Biological Sciences

As always, the exact methods that you will use 
will depend on the characteristics of your 
research
In this module, we’ll focus on some “big picture” 
issues that relate to research in the biological 
sciences but also may relate to research in the 
physical and social sciences
Methods can include either laboratory methods, 
field methods or a mixture of the two so this 
module will cover issues related to both.
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Topics in this Module
The Scientific Method
Types of Studies and Their Uses
Inferring from Samples to Populations
Replication and Pseudo-Replication
Controls
Equipment
Logbooks
Units
Safety
Peer Review

The Scientific Method
See Garton, Ratti and Guidice, Figure 1 on page 45 for a 
good pictorial description of the scientific method
! You develop a theory based on observations
! Develop predictions and hypotheses based on the 

theory
! Think about what type of data would test your 

hypotheses and design your sampling plan
! Collect the data
! Match the data against the hypotheses and 

predictions using statistical analysis
! Accept or reject the hypothesis, modify the theory
! Go back to the top

Note: This doesn’t ever prove that the theory is true, just 
that the data observed are consistent with it
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Types of Studies and Their Uses

See Garton, Ratti and Guidice, Figure 2 on 
page 47 for a mapping to types of studies 
against the ability to make inferences and 
the certainty of conclusions.
Those to the right have a better ability to 
draw broader inferences to the 
environment
Those to the top have a higher level of 
certainty of conclusion

Types of Studies and Their Uses

There are different types of studies:
! Descriptive/observational studies

Case studies
! Experimentation/hypothesis testing

Lab experiments
Natural experiments
Field experiments

! Modeling
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Types of Studies and Their Uses

Descriptive/observational studies
! It’s often difficult or impossible to control 

environmental factors in the field
Weather, geology, geography, etc

! You can observe conditions and look for correlations
Relationship of population size to habitat type

! You can’t prove a causative relationship but you can 
use these to form hypotheses that attempt to explain 
the observed relationships

! These are in the lower left of Figure 2: they have a 
small inference space and uncertain conclusions

Types of Studies and Their Uses

Experimentation/hypothesis testing
In order to draw conclusions about causative 
relationships, it’s necessary to test your 
hypotheses
! Lab experiments

It’s easy to hold some conditions constant while manipulating 
others
It’s difficult or impossible to know if the results are applicable 
in the field

! These are in the left hand column. Conclusions can 
be rigorous and certain but may not hold in the 
broader space of the field environment.
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Types of Studies and Their Uses

Experimentation/hypothesis testing
! Natural experiments are things that occur 

without human interference like naturally 
occurring fire, storms, disease, etc.

! You can observe what happened and watch 
changes over time

! These are in the lower right of Figure 2, they 
have broad applicability to the environment 
but conclusions are uncertain

Types of Studies and Their Uses

Experimentation/hypothesis testing
! Field Experiments are the most difficult and 

expensive but allow the best, broadest conclusions to 
be drawn

! You must find areas to study that are similar between 
treatment and control and then apply some sort of 
manipulation to the treatment areas and study the 
difference in what happens

! They are in the middle column with a relatively broad 
inference space and good certainty
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Types of Studies and Their Uses

Modeling
! Simulation modeling that is based on theory 

and past observations can be a powerful tool 
and easier than field experimentation

! It’s necessary, however, to test the results of 
the model to ensure that it has applicability to 
the environment

Types of Studies and Their Uses

The best approach is a blend of types
Observational studies drive the theory that 
allows hypothesis to be developed and 
predictions to be made
Modeling may be used to create detailed 
predictions of environmental affects
Field experiments are used to validate or 
invalidate hypotheses and predictions
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Inferring from Samples to Populations

In module 5, we talked about populations and  
samples
It’s important to define the boundaries of your 
population and then to use one of the sampling 
plans discussed last time to select your sample
The entire population is the biological 
population.
Often, the part of the population available to you 
will be restricted, it is called the research 
population
Your sample is drawn from the research 
population

Inferring from Samples to Populations

It’s the goal of statistical analysis to allow you to 
draw inferences from the sample to a population 
– but which population?

Conclusions are only directly applicable to the 
population from which the sample was drawn, 
the research population

Often, though, you really want to draw conclusions 
about the entire biological population or even 
about the entire species
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Inferring from Samples to Populations

The key questions (Garton, page 50) in 
deciding whether or not you can do this 
are:
! Is the sample an unbiased representation of 

the research population?
! Is the research population an unbiased 

representation of the biological population?
! Is the biological population representative of 

the species?

Inferring from Samples to Populations

If the answer to all three of these is yes, 
then you can consider broadening your 
conclusion beyond the research 
population but you should still take care! 
It’s better to under-generalize than to over-
generalize. Add caveats to any 
conclusions that are uncertain.
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Replication
Replication is involves multiple, independent 
measurements of a phenomena 
This allows us to observe and quantify the 
naturally occurring background variability so that 
we can determine if a treatment effect is real or 
is simply a manifestation of variability
Replication is very important, without it no robust 
conclusions can be drawn

Pseudo-Replication
Pseudo-Replication is when you believe you 
have actual replicates but you actually are 
simply measuring the same thing over and over
For example, if you go to one location in a forest 
and take multiple measurements, those 
measurements will mirror the variability at that 
location only, not the variability over the forest.
If you go to multiple locations in the forest and 
take multiple measurements at each, you 
generally find that the measurements across 
locations are more variable than the 
measurements at one location
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Pseudo-Replication

Pseudo-Replication is not inherently bad
It’s good to take multiple measurements 
whenever possible to quantify variability
However, don’t confuse pseudo-replicates 
with real replicates
Often, pseudo-replicates will be averaged 
and the averages will be used in the 
broader analysis

Controls
Controls are parallel observations used to verify 
that the observed effects of experimental 
treatments happened because of the treatment 
and not because of external factors
Control units are the same as experimental units 
except that they are not treated, they are used to 
eliminate effects of confounding factors that 
could potentially influence conclusions
Without adequate controls, distinguishing 
treatment effects from other sources of variation 
is difficult 
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Equipment

As in all disciplines, using the appropriate 
equipment is essential.
There are times when glassware is appropriate 
and times when plastic is most useful – do your 
research on this before going to the data 
collection stage – find out.
You may have to keep samples cold prior to 
analysis – find out
You may have a limited time to transport and 
store the sample prior to analysis – find out

Equipment

Don’t take your equipment for granted.
Organize it, clean it if needed, pack it
Get your labels ready ahead of time so that you 
don’t have to waste time doing that when you 
are busy, particularly in the field
Be trained on the use of the equipment prior to 
beginning – take the time to practice so that you 
know what you are doing.
Ask questions
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Logbooks

Whether in the lab or field (or physical, 
biological or social), keeping good notes is 
essential
Most note keeping has been formalized 
into logbooks, whether paper or electronic
Traditionally, bound paper notebooks have 
been used, numbered, signed and kept on 
a shelf accessible by current and future 
research team members.

Logbooks

Logbooks are essential as they are the legal 
method of documenting what was done, when it 
was done, and what the result was
Logbooks should contain, at a minimum:
! Name of the person (people) conducting the research
! Date
! Conditions set for the experiment and the conditions 

actually achieved (if experimental work is done)
! Or field conditions such as location and conditions 

such as temperature, precipitation, etc. 
! Data
! Unusual occurrences or observations
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Logbooks

The notes at the end are very important as 
they may help at the data analysis stage to 
sort out valid data from invalid
In particular, if something happens (like 
equipment malfunction) that may 
compromise the quality of the data – note 
it in full
Be as detailed as possible
Sign the logbook when it is full

Units

I didn’t mention the importance of units in the 
last module, but keeping track of what units you 
are using and doing the proper conversions is 
critically important
It’s particularly important in the U.S. because we 
use a mixture of English and metric
You MUST be sure to know what units your 
equipment is measuring in, record the units with 
the data, and be able to convert from one 
system of measurement to another
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Units

For publication, most journals require units 
to be reported in SI (Systeme 
International)
In general, you can think of these as the 
metric units
Be sure that you are comfortable with how 
to do conversions and careful to note the 
units associated with each of your values

Units

Check and double check your unit 
conversions!
You can do this by doing the calculation by 
hand and then checking it against a tabled 
conversion factor or against an online unit 
converter
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Safety
Safety involves thinking about your personal 
safety and also ensuring that there are not spills 
or other releases to the environment
It’s your responsibility to ensure your own and 
everyone else’s safety
Find out the hazards of the materials you are 
working with
Find out and use the proper procedures with 
equipment and with materials
Use personal protective equipment when 
needed, even if it is uncomfortable or 
cumbersome

Peer Review
Peer review is the ultimate test of whether or not 
research is correctly done
Each step of a research process, from design 
through analysis, should be subject to external 
peer review
For your work, this means that you should get 
feedback early and often from as many people 
as possible.
Your committee is your best source of peer 
review, keep them in the loop about what you 
are doing


