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Samples and Populations 

• Population 
 
 
 
 
• Sample 



Samples and Populations 

• Population 
– Some sort of group of something 
– Could be anything 

• Undergraduates at Texas A&M 
• Pipefish in the Gulf of Mexico 
• Flies of a particular genotype in the lab 

• Sample 
– A subset of individuals drawn from a population 



Parameters and Estimates 

• Parameter 
– Population-level variables we are trying to 

estimate 

 
• Estimate or Statistic 

– The value of the population-level parameter 
inferred from the sample 



Testing Hypotheses 

• What is a hypothesis? 



Testing Hypotheses 

• What is a hypothesis? 
 
– A statistical hypothesis is a specific claim about a 

population parameter 
• “Caloric restriction increases the lifespan of Drosophila 

melanogaster” 
• “Pesticide exposure causes feminization of amphibian 

males” 



Sampling Considerations 



Sampling Considerations 

• Target population 
– Need to sample a representative population 

• A sample of people from College Station, for instance, would 
probably not be representative of New Yorkers 

• Sampling Error 
– Chance alone will cause your sample to depart from the 

population 

• Bias 
– If something about the sampling procedure causes the 

sample to systematically misrepresent the population 

• Precision 
– How tightly grouped are the estimates? 



Precision and Accuracy 



Random Sample 

• Every unit in a population should have an 
equal chance of being sampled 

 
• The selection of units must be independent 



Data 

• Variables 
– The characteristics that differ among individuals 

• Data 
– The measurements of variables taken for a sample of individuals 

• Categorical Variables 
– Individuals are in qualitative categories 

• Numerical Variables 
– Individuals vary on a quantitative scale 

• Ordinal 
– The categories can be ordered 

• Nominal 
– The categories have no inherent order 



Continuous versus Discrete 



Explanatory and Response Variables 

y = mx + b 
 

y is the 
response 
variable 
 

x is the 
explanatory 
variable 

(A figure from an actual paper on primates, published  
In Proceedings of the Royal Society of London) 



Experimental versus Observational 
Studies 

• Does resveratrol increase lifespan in C. 
elegans? 

 

• Do endocrine disruptors feminize male fish? 

 

• Does oxytocin affect sexual attraction in 
humans? 



Experimental versus Observational 
Studies 

• Does smoking cause cancer? 

 

• Does sexual competition increase the rate of 
speciation? 

 

• Is global warming caused by human activities? 



Summarizing Data 



Typical Quantities of Interest 

• Mean 
– Sum of the observations divided by the number of 

observations 

• Median 
– The middle observation in a set of data 

• Variance 
– The average squared deviation from the mean 

• Standard Deviation 
– The square root of the variance 



Mean and Variance 



Mean versus Median 



Box Plot 



Estimating with Uncertainty 

• Samples versus Populations 

– The mean you calculate from your sample is an 
estimate of the population mean 

– Ditto for the standard deviation 

– Symbols: 

•    : sample mean 

• s: samples standard deviation 

• μ: population mean 

• σ: population standard deviation 

Y



For a Given Sample… 

• The mean, obviously, is: 

 

 

• And the sample standard deviation is: 
n

Y

Y

n

i

i
 1

2ss  , where 

 

1

1

2

2









n

YY

s

n

i

i

*the variance is divided by (n-1) instead of n to remove bias, caused by the fact that the 
estimated sample mean is closer to the sample mean than it is to the population mean.   



The Central Limit Theorem 

• Imagine that we sample from the same 
population many times, so we have a bunch of 
different, independent samples 

 

• Each sample will have a mean, but the means 
will be different due to chance 

 

• In principle, we could draw a histogram of 
these means 



The Central Limit Theorem 

• In general, you only have one sample from a 
given population, however, so what can you infer 
about the distribution of the means from your 
sample? 

 

• The Central Limit Theorem states that regardless 
of the underlying population distribution of the 
variable of interest, the distribution of the 
population of means will be roughly normal 



The Central Limit Theorem 

• Your estimate of the sample mean is an estimate 
of the mean of this distribution of means (that is, 
it’s your best estimate of the population mean) 
 

• The hypothetical distribution of sample means 
has a standard deviation equal to s divided by the 
square root of n 
 

• We call this standard deviation the standard error 
of the mean 



The Standard Error of the Mean 

n
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*Also called the SEM 



Confidence Intervals 
Because the means 
are normally 
distributed, you can 
estimate 95 percent 
confidence intervals 
(1.96*s) by using 
the probability 
density function of 
the Gaussian 
distribution. 
 
The true mean 
should fall within 
the 95 percent 
confidence interval 
in 19 out of 20 
samples. 



Error Bars 

Error bars can be a useful way to show uncertainty when 
it’s not possible to show the actual data points. Usually, 
they represent 1 SE or the 95% CI, but not always. THE 
FIGURE LEGEND SHOULD INDICATE WHAT THE ERROR 
BARS REPRESENT!   



Covariance and Correlation 



Covariance and Correlation 

• The covariance shows the extent to which the 
two variables are not statistically independent 

 

 

• The correlation is the covariance, standardized 
to fall between -1 and 1. 
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Importance of Covariance in Biology 


