
Descriptive and Inferential Techniques



Moments of a Normal Distribution

Each moment measures a different dimension of the
distribution.

1. Mean  (1st moment)

2. Standard deviation  (2nd moment)

3. Skewness  (3rd moment)

4. Kurtosis  (4th moment)



Month Avg Temp
Jan 27
Feb 24
Mar 42
Apr 53
May 61
Jun 70
Jul 73

Aug 70
Sep 64
Oct 60
Nov 47
Dec 26

Monthly average temperatures for Shippensburg in 1963.



By convention:

μ is used to denote the population mean

is used to denote a sample mean. In almost all cases you 
will be using the sample mean.
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Mean

The mean (   ) is equal to the sum of n value of the observations
divided by the number of observations (sample size). 

The yearly average temperature in Shippensburg for 1963 was:
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Trimmed Mean

The trimmed mean (           ) is the mean after removing x percent of 
the data from the upper and lower extremes.

So the 15% trimmed mean is calculated after 15% of the observations 
from the upper and lower extremes are removed to lessen the effect 
of extreme observations.
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Month Avg Temp
Feb 24 Remove
Dec 26
Jan 27
Mar 42
Nov 47
Apr 53
Oct 60
May 61
Sep 64
Jun 70
Aug 70
Jul 73 Remove



Median

The median is the 50th percentile of the data, in that 50% of the
data falls above the median, and 50% falls below. The data must be 
ordered (ranked) to determine the median.

Month Avg Temp
Feb 24
Dec 26
Jan 27
Mar 42
Nov 47
Apr 53
Oct 60
May 61
Sep 64
Jun 70
Aug 70
Jul 73
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or half way between 53 and 60.



Interquartile Range

Based on quartiles, which denote 25% of the data. The interquartile 
range is Q3 – Q1, or the range of the middle 50% of the data. Is a 
measure of data dispersion.



Range

The range is a rudimentary measure of data dispersion and is the 
difference between the lowest and highest observation values.
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Month Avg Temp
Feb 24
Dec 26
Jan 27
Mar 42
Nov 47
Apr 53
Oct 60
May 61
Sep 64
Jun 70
Aug 70
Jul 73



Mean Deviate: The distance of an observation from the mean, 
expressed in the measurement units. In this case F°.

xxDeviateMean i −=
Month Avg Temp

Mean
Deviate

Feb 24 -27.42
Dec 26 -25.42
Jan 27 -24.42
Mar 42 -9.42
Nov 47 -4.42
Apr 53 1.58
Oct 60 8.58
May 61 9.58
Sep 64 12.58
Jun 70 18.58
Aug 70 18.58
Jul 73 21.58
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Squared Mean Deviate: The distance of an observation from the 
mean, expressed in squared measurement units to change negative 
to positive values.

2)( xxDeviateMeanSquared i −=

Month Avg Temp
Mean 

Deviate
Squared 

Mean Deviate
Feb 24 -27.42 751.86
Dec 26 -25.42 646.18
Jan 27 -24.42 596.34
Mar 42 -9.42 88.74
Nov 47 -4.42 19.54
Apr 53 1.58 2.50
Oct 60 8.58 73.62
May 61 9.58 91.78
Sep 64 12.58 158.27
Jun 70 18.58 345.22
Aug 70 18.58 345.22
Jul 73 21.58 465.70
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Sum of Squares: This is an extremely important concept. The sum 
of squares measures the total amount of squared variation about 
the mean.

Squaring removes the effects of negative numbers.

(5 – 21.93) = -16.93     however (5 – 21.93)2 = 286.62

Squaring changes the units, e.g. minutes2.

∑ −= 2)()( xxSSSquaresofSum i

Squared 
Mean Deviate

751.86
646.18
596.34
88.74
19.54
2.50

73.62
91.78

158.27
345.22
345.22
465.70

Σ = 3584.97



Variance: The variance is the sum of the squared difference of 
each observation and the mean, divided by the sample size. This 
measure is the average squared deviation from the mean and is 
often called the mean square. Again, we will almost always use 
s2.

We use n-1 for the sample because it removes sample bias.

Population Sample
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Standard Deviation: The standard deviation is the average 
deviation from the mean, expressed in the original units.

The square root is the reverse of squaring and converts the 
results back in the original units.

Population Sample



The variance for the temperature data would be:

and the standard deviation is:

Note that the ellipse (...) in the variance equation means 
that all observations are included in the calculation, just not 
shown in the example.
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Question: Why not just use the absolute values of the mean 
deviates, then the negative signs are gone and the units are the 
same?

Answer: You can. It’s called the mean absolute error, however the 
standard deviation has the added property of emphasizing large 
distances from the mean which becomes important once we want to 
find differences between groups.



Skewness:  A measure of the degree of asymmetry of a distribution. 

If the left tail is more pronounced than the right tail, the data has
negative skewness. If the reverse is true, it has positive skewness. 
If the two are equal, it has zero skewness.
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The skewness of the temperature data is:

The data have a slight negative skewness, meaning that the left 
tail of the distribution is a little more pronounced (or conversely, 
that the data are shifted to the right).
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Kurtosis: The degree of peakedness of a distribution.

There are two types of kurtosis:

1. Leptokurtic – data with a very pronounced peak.
2. Platykurtic – data that are very flat.

Leptokurtic distributions have values greater than 0, platykurtic 
distributions have kurtosis values less than 0. A value of 0 equals 
perfect symmetry.
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Characteristics:
• Very peaked
• Long tails

Characteristics:
• Very flat
• No tails



The kurtosis of the temperature data is:

The data have a low level of kurtosis, meaning that the data are
platykurtic.
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Z-score

Often data come from different distributions, with different 
means, standard deviations, and measurement units (e.g. miles 
and minutes). One way of standardizing these data is by 
transforming the original data into z-scores.

Therefore the z-score is the distance an observation is from the 
mean, expressed in standard deviation units.
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The z-score of the coldest month is:

The z-score of the warmest month is:

The sign tells us on which side of the mean the observation lies, 
negative (left of the mean) or positive (right of the mean). So 
February is 1.52 standard deviations less than the mean.
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Reading Statistical Tables



Degrees of 
Freedom

Tails

Probabilities and Alpha Levels

Critical Values

Standard t Table



The calculated statistic is compared to the critical value in the 
appropriate table.

The critical value is determined based on:
1. The degrees of freedom.
2. The number of tails tested.
3. The alpha level.

We will discuss points 1-3 in much more detail later…



What is the probability of a two-tailed test with 10 degrees of freedom and a 
calculated t value of 2.769 at an alpha level of 0.05?

The calculated value 
of 2.769 falls here.

Alpha = 0.05

DF = 10

Tails = 2

The critical value
is here.



The probability of the calculated statistic is LESS than 0.02 but GREATER than 0.01. All we 
can give is a probability range because the calculated statistic fell between the values.

0.02 > p > 0.01
We read the 
probability 
from this 
since it was a 
2-tailed test

Writing the probability as 0.02 < p < 0.01 is wrong… a number cannot be 
GREATER than 0.02 and LESS than 0.01!



Our summary statement would include the following information 
at the end:

(t2.769, 0.02 > p > 0.01)

This tells us the test (t test), the calculated statistic (2.769), and 
the probability range of that statistic (0.02 > p > 0.01).

This information is critical… it the evidence that backs up our 
conclusions.



Graphical Data Representations



Histograms

Histograms are a convenient method of examining a data set
for its distributional properties (e.g. skewness, symmetry, etc.).



Dot Density Plot

Similar to a histogram but each of the observations are displayed.
Useful for examining the number of observation in each “bar”.



Stem and Leaf Plot

Similar to a histogram but each of the observations are displayed.
Useful for examining the magnitude of extreme values.

Age Stem-and-Leaf Plot

Frequency    Stem &  Leaf

49.00 Extremes    (=<28)
2.00        2 .  &
17.00        3 .  0124&
29.00        3 .  5566789
21.00        4 .  01234
34.00        4 .  5566789
56.00        5 .  00111222333444
71.00        5 .  555666677788899999
93.00        6 .  00000111122222233334444
125.00        6 .  5555556666677777788888899999999
148.00        7 .  000000000111122222223333333333444444
164.00        7 .  55555555566666666667777777788888888999999
128.00        8 .  0000000001111112222223333334444
66.00        8 .  5555666777888899
31.00        9 .  0011223&
11.00        9 .  56&
2.00       10 .  &
1.00       10 .  &

Stem width:        10
Each leaf:       4 case(s)

& denotes fractional leaves.



Box Plot

Especially useful for non-normally distributed data and for 
examining extreme values in the tails. 



Box Plot Components



Error Bar

Useful for data exploration and visually  comparing the means of
different groups along the same variable, in this case the mean 
age at death for various ethnic groups.



Scatter Plot

Useful for data exploration and visually  assessing the association
between two variables, in this case no association.



Line Graph

Useful for data exploration and examining changes over time
for one or more variables. Also used for determining trends.



Bar Graph

Useful for data exploration and examining summary statistics for 
variable categories.



Population Pyramids

Useful for data exploration and visually  comparing the distribution 
of two variables. The data do not necessarily have to be human 
populations.



Multivariate Plots

Allows the display of 3+ variables on a single graphic. There are
many graph types available. Good for determining similarities 
among many individuals or groups.
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