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Definition of Statistics

Statistics: Area of science concerned with the extraction of
information from numerical data and its use in making inference
about a population using data obtained from a sample.

Statistical Inference: An “informed guess" about a parameter
based on a statistic.
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Population: The set of all
individuals (sometimes
defined as measurements) of
interest to the researcher.

Parameter: An unknown
population characteristic of
interest.

Sample: The observed set of
individuals (sometimes
defined as measurements)
from the population.

Statistic: A sample
characteristic of interest.
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Example
Selecting the proper diet for shrimp or other sea animals is an
important aspect of sea farming. A researcher wishes to estimate
the mean weight of shrimp maintained on a specific diet for a period
of 6 months. One hundred shrimp are randomly selected from an
artificial pond and each is weighed.

Population:

Parameter(s) of interest:

Sample:

Statistic(s) of interest:
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Five Steps in a Statistical Study

1 Stating the problem.

2 Gathering the data.

3 Summarizing the data.

4 Analyzing the data.

5 Reporting the results.
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Gathering the data.

Observational studies:
A study where measurements are observed but there is no
attempt to influence the outcome.
Existing conditions or outcomes are studied.

Scientific studies:
A study where a treatment is deliberately imposed to observe the
effects on a measurement.
Change the conditions for one or more factors to study the effects
of these changes.
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Sampling Techniques

Simple Random Sample (SRS): A group of n units is selected in
such a way that each sample of size n has the same chance of
being selected.

Stratified Random Sample: the group of individuals is divided
into separate groups, or strata. An SRS is selected from each
strata.

Cluster Sample: An SRS of groups is selected and then all
individuals within the selected groups are sampled.

Systematic Sample: Systematically select individuals from a list
of all individuals.

Sharp (Clemson University) ASA 7 / 32



Experimental Design Lingo

Experimental Units: the object or individual to which a treatment
is randomly and independently assigned.

Observational Units: the object or individual on which the
response of interest is measured.

Response variable: the characteristic that is measured.

Factor: a variable used to explain variation in the response
variable that takes on two or more values.

Levels: the values that a factor can take on.

Treatments: The levels of a single factor or the combination of
the levels of several factors.
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Main Experimental Design Concepts
Control: control influential variables on the response

Extraneous factors that we have some control over

Other factors that we may not have control over can be treated as
blocks.

Randomization: Assign treatments to subjects randomly.

Replication: Assess the same treatment on multiple subjects to
assess subject-to-subject variation.

Pesticide A is compared with Pesticide B. Two benches are set
up in a greenhouse and 10 plants are placed on each bench.

Pesticide A is used for the 10 plants on one bench and Pesticide B
is used for the 10 plants on the other bench.

Pesticide A is used for 10 randomly selected plants on either
bench. Pesticide B is used for the remaining 10 plants.
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Replication Continued
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Types of Scientific Studies

Completely Randomized Design.
Used to compare t treatments.
All experimental units are allocated at random among all of the
treatments.
A disadvantage of this type of experiment is that if differences
exist among the experimental units that affect the response,
differences among the treatments will be difficult to detect.

Randomized Block Design.
Treatments are randomly assigned to units within each block.
Every treatment occurs in every block.
A disadvantage of this type of experiment is that block-to-block
comparisons cannot be made (unless blocks are replicated and
selected at random).
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Definition of Variables

Variables: Characteristics of individuals or objects that may vary
for different observations.

Qualitative Variables: The variable represents categorical
information.

Quantitative Variables: The variable represents a numerical
scale.
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Example
Riddle and Bergström (2013) describe several experiments to examine
Phosphorus leaching from two soils. A table of results from one of the
experiments is reproduced below. There were four different rain
simulations used and two soil types (clay and sand). The amount of
drainage water collected from lysimeters was recorded.

Riddle, M. U. and Bergström, L. (2013). “Phosphorus leaching from two soils with catch crops

exposed to freeze-thaw cycles,” Agronomy Journal, 105(3): 803-811.
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Example Data in Excel
Data was simulated based on the results of Riddle and Bergström (2013).

Rain Soil Type
Simulation Clay Sand

46.482 27.344
1 45.269 28.615

46.063 28.430
33.828 29.005
46.337 44.408

2 40.302 47.716
40.865 42.762
44.840 46.807
54.698 47.558

3 47.461 43.279
51.457 43.202
54.698 41.812
53.186 53.097

4 52.124 56.796
48.477 52.054
48.904 49.813
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Descriptive Measures

Qualitative variables: Frequencies, relative frequencies

Quantitative variables
Measures of Center: Median, mean

Measures of Other Locations: Minimum, maximum, first quartile,
third quartile

Measures of Spread: Variance, standard deviation, interquartile
range, range
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Measures of Center

Median: The middle value when the observations are ordered
from the smallest to the largest.

Mean: The ’balance point’ of the data. Found by summing all of
the observations and dividing by the number of observations.
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Measures of Other Locations

Minimum and maximum: The smallest and largest values in a
data set.

Percentile: The value, xp, that has p% of the measurements
below it and (1− p)% of the measurements above it when the
measurements are ordered from smallest to largest.

Quartiles: The 25th, 50th, and 75th percentile known as Q1, the
median, and Q3, respectively.
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Measures of Spread: Variance and Standard Deviation
Sample variance:
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Measures of Spread: Range and IQR

Range is the maximum value minus the minimum value

Interquartile range (IQR) is the range of the middle 50% of the
data: IQR = Q3 −Q1

Identifying outlying values:

Sharp (Clemson University) ASA 19 / 32



Example Data in Excel
Data was simulated based on the results of Riddle and Bergström (2013).

Rain Soil Type
Simulation Clay Sand

46.482 27.344
1 45.269 28.615

46.063 28.430
33.828 29.005
46.337 44.408

2 40.302 47.716
40.865 42.762
44.840 46.807
54.698 47.558

3 47.461 43.279
51.457 43.202
54.698 41.812
53.186 53.097

4 52.124 56.796
48.477 52.054
48.904 49.813
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Descriptive Statistics: Qualitative Variables
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Descriptive Statistics: Quantitative Variable
Descriptive Statistics
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Descriptive Statistics: Quantitative Variable
Descriptive Statistics
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Descriptive Statistics: Quantitative Descriptive
Statistics by Qualitative Variables
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Graphical Displays

Qualitative Variables
Bar Graphs (Frequency or Relative Frequency)

Quantitative Variables
Histograms, Stem-and-Leaf Plots, Box-and-whisker Plots

Combinations of Variables
Qualitative, Quantitative: Box-and-whisker Plots, Bar Graphs
Two Quantitative: Scatterplots
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Single Variable Plots
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Panel of Bar Graphs

Sharp (Clemson University) ASA 27 / 32



Side-by-side Bar Graphs
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Side-by-side Bar Graphs
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Panel of Histograms
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Box-and-whisker Plots
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Graphics From Riddle and Bergström (2013)
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