
 Asking Questions in Science 
 Experimental Design 

 Replication and randomization, independence 
 Confounding factors 
 Manipulation and natural experiments 

 Do the Analysis –The Matrix (see last slide) will tell 
you which statistical tests to run for what kinds of 
variables.  Ask: 
 What is my independent (x) variable 
 What is my dependent (y) variable  (aka response var) 
 What are their ‘types’ 

 Interpret your results 

 

 



 Focus the question 

 What are the variables? 

 What are your hypotheses? Research & Null 

 Design the study 

 Gather data 

 Analyze data – look for patterns, use statistics 

 Were your hypotheses supported? 

 Conclusions… & design of new studies to answer new 
research questions 



 Observations- what we see and measure in the real 
world 

 Hypotheses- potential explanations that account for 
our observations 

 Well-designed studies allow us to be confident in the 
inferences we draw from our studies 

 A scientific hypothesis must be testable! 



 How many replicates (plots, samples, treatments) are 
required? 
 Depends on the effect size & variance 

 Difficult to estimate 

 Pilot studies are expensive 

 Estimate from previous studies… 

 Depends on time, money & labor 

 



 As a general rule, you should have 10 replicate 
observations of each treatment (Law of Large 
Numbers) 

 Many ecological experiments have fewer than 10 
replicates out of necessity 

 Fewer replicates run the risk of the noise outweighing 
the pattern – loss of “power” 

 



 Large-scale ecosystem experiments – impossible to 
replicate 10 times 
 e.g., whole-lake manipulations 

 Environmental impact studies – assessing an impact at 
a single site  
 Requires a special “Before-After Control Impact” (BACI) 

design 



 Measurement 1 does not affect measurement 2, etc. 
 Plot proximity – Fertilizer treatments may affect 

downstream “controls” 

 Can affect both manipulative & natural experiments 

 Separating plots too far may introduce new 
confounding variables due to heterogeneity 



 What if fertilized plots accidentally ended up on sunny 
hillsides and control plots were shady? 

 Treatments are confounded with temp. 

Fertilized plots  Control plots 



 Replication & Randomization can help 
 Replicate both treatment & control 10 times 

 Randomize treatments & controls across landscape 

Fertilized plots  Control plots 



 An observational study – taking advantage of natural 
variation in a variable of interest 

 e.g., compare lizard & spider densities on different 
islands. 

 Often confounded – unlikely that islands will be 
identical other than just spider & lizard densities 

 Difficult to make causal claims 



 Manipulative experiments allow for greater confidence 
in our inferences of cause & effect 

 But, they are confined to small spatial scales and short 
time frames 

 Natural experiments can be conducted at any spatial 
scale & any time interval 

 But, more difficult to tease apart cause & effect 
relationships 

 



 Snapshot experiment: replicated in space 
 Rapid data collection 

 Spatial replicates are independent 

 Majority of ecological experiments 

 Chronosequences mimic trajectory exps. 



 Press experiments: treatments maintained through 
time – reapplied to maintain constancy 
 e.g., reapplication of fertilizer to maintain N 

 Measures resistance to disturbance 

 Pulse experiments: treatments applied only once and 
systems allowed to recover 
 Measures resilience to disturbance 
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But others 

include: 

ANCOVA 

MANOVA 

Multivariate 

Modeling 



 Comparing means between 2 treatments or a 
treatment and a control 

 We will work with these kinds of tests in lab… 
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 Most ecological data are analyzed using ANOVA 
models: 

 One-way: One treatment of interest 

 Two-way: Two treatments of interest – allows you to 
examine main effects and interaction effects – see Fig 
7.4 
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where both factors 
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 Randomized block design 

 Split-plot designs 

 Nested designs 

 Repeated measures designs 

 BACI designs 



 Make sure you sample across the range of possibilities 
– could confound your patterns – see Figs 7.2 & 7.3 

 Can be very powerful –  
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