
FORESTRY 601 – RESEARCH CONCEPTS FALL 2009  
 

LECTURE 10:  Designed Experiments – Basics and Terms 

 

 

Why Collect Data? 

 

– Census = a complete count 

 

– more often we cannot count or measure every individual in a population, so we sample the population 

and collect data 

 

– sampling always involves variation and uncertainty 

– statistics is the study of methods to collect and interpret scientific information using probability 

theory to address the uncertainty inherent in this information 

 

– Data analysis can involve 3 things: 

 

1. summarize scientific information >>> descriptive statistics 

2. estimate population parameters using sample data >>> parameter estimation 

3. test statistical hypotheses >>> inferential statistics 

 

 

Some Terminology 

 

population  the entire collection of entities or individuals about which we wish to make an 

inference or draw a conclusion (aka aggregate, universe). 

 

sample   a subset of a population; used because we usually cannot measure all individuals in 

a population; we observe the sample but want to know the population. 

 

parameter  the true value of some population attribute, which is almost never known; often 

represented by Greek letter (μ for population mean; σ for population SD). 

 

statistic  any quantity computed or estimated from sample data; often represented by Roman 

letters (Y for sample mean; s for sample SD; d [d-hat] means an estimate). 

 

probability  a set of mathematical tools used to gauge the amount of confidence to place on 

sample estimates. 

 

model   some approximation of reality. 

 

statistical model a mathematical expression to help us predict a response variable as a function of 

one or more explanatory variables, based on a set of assumptions. 
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Why Do Experiments? 

 

– Suppose a farmer wants to compare the yield of a new variety of corn with that of a standard variety 

 

There are two basic questions: 

 

1.  Is there a real difference in yield between the 2 varieties? 

 

2.  What is the size or magnitude and the direction of the difference? 

 

– The first objective/question is to test the statistical null hypothesis that Variety New = Variety Stand. 

 

i.e., there is no difference >>> the grower hopes to reject this null hypothesis in favor of the 

alternative hypothesis 

 

Variety New ≠ Variety Standard 

 

better yet, that    VN   >  VS 

 

– The second objective/question involves computing an estimate and a variance around that estimate. 

 

– So almost all experimentation is done for these two reasons: testing hypothesis about, and estimating 

differences among, the effect of different treatments (in this case, different corn varieties) >>> 

Hypothesis Testing and Parameter Estimation 

 

 

 

The Role of Experimental Design 

 

To provide efficient and precise information to meet these objectives, specifically: 

 

1.  To provide estimates of treatment effects 

2.  To provide a way of confirming or denying conjectures about treatment responses 

3.  To assess reliability of estimates 

4.  To estimate variability 

5.  To increase precision by eliminating extraneous variation 

6.  To provide a systematic, efficient, repeatable pattern for conducting an experiment 

 

Estimate > Inference > Reliability > Variability > Precision > Repeatability >> EIRVPR 

 

Further, we want to design experiments in such a way as to maximize the chances of detecting biologically 

important effects; in other words,  

 

we want high statistical power and thus a low Type II error rate (1 - β), while controlling the 

chances of drawing incorrect conclusions, thus having a low Type I error rate (α). 
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e.g.,  Ho: Patients with drug not different than patients without drug or with placebo 

Ha: Patients with drug have lower incidence of disease than patients with placebo 

 

Drug really does not help (i.e., really no difference) >> we think we detect a difference and 

mistakenly reject Ho >> we have made a Type I error >> the result is we put a useless (or 

potentially harmful) drug on the market. 

 

Drug really helps (i.e., there really is a difference) >> we don’t detect this and fail to reject 

Ho >> we conclude no difference and we mistakenly think the drug does not help >> we 

have made a Type II error >> the result is people are denied a possible cure. 

 

e.g.,  Ho: Habitat fragmentation (at some level) does not affect an endangered population. 

Ha: Habitat fragmentation causes the population to decline to extinction. 

 

Fragmentation really does not influence the population (i.e., no affect) >> we think we 

detect a difference and mistakenly reject Ho >> Type I error again >> the result is we think 

fragmentation may do harm so we limit the causes of fragmentation. 

 

Fragmentation really does have a negative impact >> we do not detect a difference and thus 

fail to reject Ho >> Type II error >> the result is we allow fragmentation to continue at the 

peril of the endangered species. 

 

Which error is more severe for the general public in the medical example?  Which error is more 

severe for biodiversity or endangered species in the habitat example?  Are there consequences to 

the other types of errors? 

 

 

Experimental Error 

 

Suppose the farmer planted two patches of corn – VN  in his field near the road, and VS  in his field up on the 

hillside >>> good design???    >>>    the breeder would have no way to determine how much of the 

observed difference was due to a real difference versus the natural variation in all biological systems 

 

Random variation among experimental units is called experimental error.   

 

– this does not mean mistakes were made >>> it is due to biological variation 

 

– to accurately/precisely test hypotheses/estimate parameters, you must control experiment error 

 

 

Replication 

 

The best procedure for obtaining an estimate of experimental error is through the use of replicates; in our 

corn example, the farmer would plant each variety more than once. 
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Replication serves a number of purposes in a designed experiment: 

  
1. It provides an estimate of experimental error because it provides serval observations on 

experimental units receiving the same treatment. 

2. It increases precision by reducing standard errors.  Recall that SE of a mean is given by 

 

S  =     s
2 

/ r where s
2
 is the sample variance and r is the number of observations 

(replicates).  Clearly, as r increases s
2
 decreases. 

 

  [Note:  S   =  SE  =      s
2 

/ r   =     s /  n, (additional symbols needed) 

 

  where  s
2
  =  var  =  ∑ (Y1 - Y)

2
 / n - 1   and   s  =  sd  =      ∑ (Y1 - Y)

2
 / n - 1 ] 

 

3. It can broaden the base for making inference.  As replication is increased a wider variety of units 

can be brought into the experiment.  This can lead to a greater range of conditions over which the 

experiment results will apply. 

 

Randomization 

 

In a good experimental design, we want to assign the treatments to the experimental units in such a way 

that no treatment is consistently favored by being placed under the best conditions.  To do this we use a 

process call randomization. 

 

Through randomization, treatments are assigned to the units in such a way so that any unit is equally likely 

to receive any treatment. 

 

Here are a couple of examples that are not good ideas . . . why not?  (N = new variety, S = standard) 

 

N 

 

N N N S S S S 

 

N 

 

S N S N S N S 

 

 

There are at least 2 reasons for randomization in an experimental design: 

  
1. To eliminate bias – no treatment is favored or discriminated against by systematic assignment. 

2. To ensure independence among observations – necessary to provide valid tests and estimates. 
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Blocking 

 

Blocking is also called local control – the procedure is to arrange the experimental units into groups, or 

blocks.  Treatments are then assigned at random to the units within the blocks. 

 

In blocked designs, the variation among blocks is eliminated from the experimental error and, hence, 

precision is increased. 

 

e.g., 3 fields of corn >>> 2 plots each >>> 1 VN  and 1 VS 

 

e.g., burn experiment >>> N, C, and S parts of a refuge >>> 1 burn and 1 control plot in each area 

 

 

There are a number of reasons for blocking in a designed experiment: 

  
1. Increased precision – differences among blocks are removed from the experimental error 

2. Equal conditions – treatments are compared under more nearly equal conditions 

3. Increased information – sometimes, different locations can provide a wider variety of conditions 

and information and scope of inference can be increased. 

 

 

Summary 

 

Good experimental design takes into consideration: 

  
1. Replication 

2. Randomization 

3. Blocking 

 

Some principles are: 

  
1. experimental units should be treated the same (except for the treatment of course) 

2. experimental design should be the simplest one which will provide the desired precision 

3. statistical analysis should be made while meeting assumptions 

 

Increasing accuracy reduces the width of interval estimates and decreases the size of differences required 

for significance.  Accuracy increases as the SE of a treatment mean decreases.  A number of ways to 

increase accuracy includes increasing the numbers of replicates. 
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More Definitions 

 

experiment  a planned inquiry to discover new facts, or to confirm or deny the results of 

previous investigations. 

 

treatment  a procedure whose effect is to be measured. 

 

factor   a class of related treatments; different states of a factor are called levels. 

 

experimental unit the entity that is the focus of the experiment and to which treatment (and control) 

are applied. 

 

sampling unit  that fraction of the experimental unit on which the effect of the treatment is 

measured. 

 

block   a group of homogeneous experimental units. 

 

design   a set of rules by which the treatments to be used in an experiment are assigned to the 

experimental units. 

 

error   experimental error is the variation among experimental units which have been 

treated alike. 

 

random  when treatments are assigned so that every experimental unit is equally likely to 

receive any treatment. 

 

replicate  when a treatment appears more than once in an experiment. 

 

 


