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Example: Drug Selection

• Old drug is 80% effective

• New drug is 85% effective, but costs more

• Should we adopt the new drug?

But the 85% finding is based on a set of patients:
• Perhaps, if we run the trial again we will find that

the new drug is only 75% effective…

• Natural variation from trial to trial must be accounted for

• Variation from patient to patient is endemic to the problem

• Need to analyze sources of variation



Variability in Scientific Data

If there were no variability in patient-to-patient data, 
there would be no need for statisticians

Statisticians:

• Make use of fundamental laws of probability and statistical inference

• Draw conclusions (or inferences) 

• Gather information as samples or collections
of observations



Descriptive Statistics

• Derive a set of single-number statistics from data

• Explain:
• Location of the data

• Variability of the data

• General nature of the distribution of observations in a sample

• Show footprint of the nature of a sample via:
• Mean

• Median

• Standard Deviation



Inferential Statistics

• Large toolbox of statistical methods employed by practitioners

• Goal: Make scientific judgements in the face of uncertainty and 
variation

• Often used to:
• Analyze data from a stochastic (random) process

• Determine how to improve process quality

• Analyze sources of variation



Variability in Scientific Data

It is very important to collect scientific data in a systematic way

• Samples are collected from populations

• E.g. population of patients → all adults in a certain age range

• Typically focus on certain characteristics,
or factors

• Ideally collected via experimental design

• Alternative is an observational study

• Both lend themselves to statistical inference



How do probability and statistics work together?

The sample + inferential statistics allows us to draw conclusions

about the population

Probability allows us to draw 
conclusions about characteristics of 

hypothetical data taken from the 
population

Nothing can be learned about a 
population from a sample until the 

analyst learns the rudiments of 
uncertainty in that sample



Example: Nitrogen vs. No Nitrogen

Purpose: To determine if nitrogen has effect
on stimulating root growth

• Two separate populations

• What conclusions do you draw?

• How can we summarize the data?

Can make a probability statement

The probability that these data would be observed if there were no effect 
(e.g. P-value)
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Simple Random Sampling (SRS)

SRS implies that any sample of a specified sample size has the same 
chance of being selected as any other sample of the same size.

• Sample size – Number of elements in the sample

• E.g. we want to collect a sample of political leanings for a state
• Sample size is 1,000

• What if all 1,000 are in urban areas

• Is this a representative sample?

• Is it a biased sample?

• Can we use it to draw inferences about the state?



Stratified Random Sampling

• Sampling group can often be divided into nonoverlapping groups that 
are homogeneous

• Homogeneous groups referred to as strata

• Perform simple random sampling within each strata

• Ensure no strata is over- or under-represented

• Eg. Sample 500 people from urban areas and 500 people from rural 
areas



Experimental Design

• Populations defined by a set of treatments

• E.g. nitrogen vs. no nitrogen populations

• Often considerable variability within and between groups due to the 
experimental unit

• Standard approach is to assign experimental units to the treatment 
conditions randomly

• E.g. assign 20 seedlings at random to treatment (nitrogen) group



Example: Corrosion Resistance

Treatment applies coating to 
surface.  Also consider two 

humidity levels.

• 8 experimental units

• Each assigned randomly to 4 
treatment combinations

• Cycles to failure → higher is 
more corrosion resitant
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Measures of Location

Sample mean:



Measures of Location

Sample median:



Measures of Location

Suppose the data set is the following: 1.7, 2.2, 3.9, 3.11, and 14.7. The 
sample mean and median are, respectively,

What properties do you observe between these statistics?



Other Measures of Location

Trimmed Mean – Compute mean after “trimming away” largest and 
smallest set of values,

Less sensitive to outliers than the sample mean, but more sensitive than 
the sample median.



Python Example



Measures of Variability

Compare / contrast samples from the following two datasets,

Dataset A exhibits large variability within the two groups.



Measures of Variability

Sample range:

Sample variance / standard deviation: 

Degrees of Freedom



Python Example: Variability



Discrete and Continuous Data

E.g. a chemical engineer is interested in measuring the yield (in %) of a 
chemical process (continuous data). 

E.g. a toxicologist is testing a new drug and the patient either responds 
or does not (binary data).

• Oftentimes binary data are reported as continuous ratios (e.g. 
successes / total)

• We will see significant distinctions between continuous / discrete data 
when we cover probability theory
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Graphs



Graphical Diagnostics: Scatterplot

Visual diagnostics can be helpful in identifying 
differences between groups.



Graphical Diagnostics: Histogram

Visual representation of the distribution of values.



Graphical Diagnostics: Box Plot

Whiskers indicate quartiles, dots indicate outliers. Note: Outlier 
determination is implementation-specific.



Python Example: Scatterplot



Python Example: Histogram



Python Example: Boxplot
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