Biol 211D P2.4

Project 2: Designing Original Research

4. Experimental design example
Suarez and Case (2002) provides a good example of how a careful experimental design can be used to test one or more critical predictions.  Recall that pairwise comparisons of their treatments allowed them to answer particular questions about the food value of different potential diets in the horned lizard’s environment.  Below you will use their study to identify the basic elements of an experimental design so that you have a concrete example of elements you should include in your own proposal.  You should become familiar with these concepts: critical prediction, subject (experimental unit), factor, treatment, treatment comparison, control, bias, noise, randomization, replication.
Note: most of the questions below refer to parts of their experiment that produced results shown in their Figures 2 and 5.  Formulate your answers based on those comparisons.  You may discuss the paper with others to understand it better, but the work below should be your own.

1) What is the major biological question/hypothesis addressed in the paper?  (Recall that biological questions/hypotheses motivate the need for research, whereas specific predictions are tested with a particular set of data using null and alternative statistical hypotheses.)
BQ/H:
2) Based on what was already known from the literature, how would you summarize their motivation to answer this question?

Motivation/justification:
3) What is the critical prediction addressed by their experiments?  (A critical prediction is a thorough and complete statement about a set of results from treatments that would support your hypothesis.  It can often be structured as an if-then statement, and includes all the relevant parts of the results they collected.)

CP:
4) Define the subject (or experimental unit) they used in their experiments.  (A subject is the unit—an individual or a group of organisms to be measured—to which a treatment is applied independently.  The replication for the experiment is based on the number of subjects.)
5) Describe the treatments used in their experiment.  (A treatment is a particular condition applied to a subject.  Hint: in Suarez and Case there are four treatments that relate to different types of food present.) 
	Trt
	Description (all of the ways that each treatment differs from the others)

	1
	

	2
	

	3
	

	4
	


6) A treatment comparison is used to isolate (or measure) the effect of a change in a single variable (factor).   Although at least 6 pairwise comparisons are possible among 4 treatments, Suarez and Case used 3 particular comparisons of treatments to address their critical prediction.    In the table below, (1) identify the single variable that is isolated by each comparison, and (2) show two possible outcomes, one that would support their hypothesis (of a “bottom-up” effect) and one that would refute it (for) and one that would refute it (against).  Provide an interpretation in each case that would add to evidence for or against.  (As an example, one comparison is completed.  Do not simply copy the interpretation and substitute terms—it is possible that your statement will not make sense for the situation.  Think and write in your own words.)
	Treatments compared
	Variable isolated
	Predictions and interpretations
	Prediction graphs

	Treatments

1 vs. 2


	Potential ant food resource pre- vs. post- invasion
	Support:    1 > 2   
Interpretation: supports the hypothesis that the change in diet from native to non-native ants after invasion contributes to declines in growth of the endangered lizard                

Refute: 1 ≤  2   
Interpretation: changes in lizard growth in the wild were not due to the replacement of the native by the introduced species as a food source, suggesting it is due to some other factor.
	

	Treatments

___ vs. ___


	
	Support:           
Interpretation:   

Refute:   
Interpretation: 


	

	Treatments

___ vs. ___


	
	Support:           
Interpretation:   

Refute:   
Interpretation: 


	


Note: The types of graphs sketched above are appropriate for the “Possible Results” section of a research proposal.  They show various possible outcomes and how you would interpret them.

7) How did the experimental design help to minimize the effects of bias in their results?    (“Bias” can occur when subjects are assigned to treatments in a way that potentially confounds the treatment effect with some characteristic of the subjects. For example, if an experimenter assigned mostly males to one treatment and mostly females to another, differences between the two treatments could be due to sex rather than to the treatment.  In experiments, bias (a problem with accuracy) is usually reduced by randomizing the assignment of subjects to treatments.)  Explain how they achieved randomization.
8) How did the experimental design help to minimize the effect of statistical noise in their results?  (“Noise” results from the fact that there is always some variation among subjects in how they respond to a treatment.  To get a better estimate of the average response, the treatment is usually replicated across many subjects.  Noise is a problem with precision.)  Identify the level of replication in their study.
	9) Was the critical prediction supported?  Sketch a graph of their complete results and explain how they support their prediction, referring back to the prediction graphs in question 6.
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