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The Normal Distribution &
Descriptive Statistics

Kin 304W

Week 2: May 14, 2013
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Writer’s Corner

http://grammar.quickanddirtytips.com/

Grammar Girl
Quick and Dirty Tips

For Better Writing
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Writer’s Corner

What is wrong with the following sentence?

“This data is useless because it lacks specifics.”
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Outline

• Normal Distribution

• Testing Normality with Skewness & Kurtosis

• Measures of Central Tendency

• Measures of Variability

• Z-Scores

• Arbitrary Scores & Scales

• Percentiles
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Frequency Distribution
Histogram of hypothetical grades from a

second-year chemistry class (n=144)
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Normal Frequency Distribution
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Skewness & Kurtosis
• Deviations in shape from the Normal distribution.

• Skewness is a measure of symmetry, or more accurately,
lack of symmetry.
– A distribution, or data set, is symmetric if it looks the same to

the left and right of the center point.

• Kurtosis is a measure of peakedness.
– A distribution with high kurtosis has a distinct peak near the

mean, declines rather rapidly, and has heavy tails.
– A distribution with low kurtosis has a flat top near the mean

rather than a sharp peak. A uniform distribution would be the
extreme case.
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Skewness - Measure of Symmetry

   

Negatively skewed Normal Positively skewed

Many variables in BPK are positively skewed. 

Can you think of examples?
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Kurtosis - Measure of Peakedness

 

 

 

(Normal)
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Coefficient of Skewness

Where: X = mean, Xi = X value from individual i, N =
sample size, s = standard deviation

! 

skewness =
(Xi " X )3

i=1

N
#
(N "1)s3

A perfectly Normal distribution has Skewness = 0

If -1 ≤ Skewness ≤ +1, then data are Normally distributed
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A perfectly Normal distribution has Kurtosis = 3 based on the above
equation.

However, SPSS and other statistical software packages subtract 3 from
kurtosis values. Therefore, a kurtosis value of 0 from SPSS indicates a
perfectly Normal distribution.

Coefficient of Kurtosis

Where: X = mean, Xi = X value from individual i N = sample size, s =
standard deviation



HT

186.0
182.0

178.0
174.0

170.0
166.0

162.0
158.0

154.0
150.0

146.0

Height (Women)
800

600

400

200

0

Std. Dev = 6.22  
Mean = 161.0

N = 5782.00

Is Height in Women Normally Distributed?

N = 5782
Mean = 161.0 cm
SD = 6.2 cm
Skewness = 0.092
Kurtosis = 0.090



Is Weight in Women Normally Distributed?

WT

125.0
120.0

115.0
110.0

105.0
100.0

95.0
90.0

85.0
80.0

75.0
70.0

65.0
60.0

55.0
50.0

45.0

Weight (Women)
700

600

500

400

300

200

100

0

Std. Dev = 11.14  

Mean = 61.9

N = 5704.00

N = 5704
Mean = 61.9 kg
SD = 11.1 kg
Skewness = 1.30
Kurtosis = 2.64



S5SF

220.0
200.0

180.0
160.0

140.0
120.0

100.0
80.0

60.0
40.0

20.0

Sum of 5 Skinfolds (Women)
1000

800

600

400

200

0

Std. Dev = 29.01  

Mean = 75.8

N = 5362.00

Is Sum of 5 Skinfolds in Women Normally Distributed?

N = 5362
Mean = 75.8 mm
SD = 29.0 mm
Skewness = 1.04
Kurtosis = 1.30
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Normal Probability Plots
Correlation between observed and expected cumulative probability is
a measure of the deviation from normality.

Normal P-P Plot of WT
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Normal P-P Plot of HT
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• Measures of Central Tendency

– Mean, Median, Mode

• Measures of Variability (Precision)

– Variance, Standard Deviation, Interquartile Range

• Standardized scores (comparisons to the
Normal distribution)

• Percentiles

Descriptive Statistics
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Measures of Central Tendency

• Mean: “centre of gravity” of a distribution; the “weight” of
the values above the mean exactly balance the “weight”
of the values below it. Arithmetic average.

• Median (50th %tile): the value that divides the
distribution into the lower and upper 50% of the values

• Mode: the value that occurs most frequently in the
distribution
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Measures of Central Tendency

• When do you use mean, median, or mode?
– Height

– Skinfolds

– House prices in Vancouver

– Vertical jump

– 100 meter run time

• Study design: how many repeat measurements do you take on
individuals to determine their true (criterion) score?

• Discipline specific

• Research design specific

• Objective vs. subjective tests
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Measures of Variability

• Variance

• Standard Deviation (SD) = Variance1/2

• Range is approximately = ±3 SDs

 For Normal distributions, report the mean and SD

 For non-Normal distributions, report the median (50th
%tile) and interquartile range (IQR, 25th and 75th
%tiles)

! 

Var =
X " X ( )2#
N "1( )
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Central Limit Theorem
• If a sufficiently large number of random samples of the

same size were drawn from an infinitely large
population, and the mean was computed for each
sample, the distribution formed by these averages
would be normal.

 

Distribution of a single sample

 

Distribution of multiple sample means.
Standard deviation of sample means is called
the standard error of the mean (SEM).
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Standard Error of the Mean (SEM)

SEM
SD
n

=

• The SEM describes how confident you are that the mean of the
sample is the mean of the population

• How does the SEM change as the size of your sample
increases?
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Standardizing Data
Transform data into standard scores (e.g., Z-scores)

Eliminates units of measurements

Height (cm) Z-Score of Height

Mean=161.0; SD=6.2; N=5782 Mean=0.0; SD=1.0; N=5782HT

186.0
182.0

178.0
174.0

170.0
166.0

162.0
158.0

154.0
150.0

146.0

800

600

400

200

0

Std. Dev = 6.22  
Mean = 161.0

N = 5782.00

Zscore(HT)

4.00
3.50

3.00
2.50

2.00
1.50

1.00
.500.00

-.50
-1.00

-1.50
-2.00

-2.50

700

600

500

400

300

200

100

0

Std. Dev = 1.00  
Mean = 0.00

N = 5782.00
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Standardizing does not change the distribution of the data

Standardizing Data

Weight (kg) Z-Score of Weight

WT

125.0
120.0

115.0
110.0

105.0
100.0

95.0
90.0

85.0
80.0

75.0
70.0

65.0
60.0

55.0
50.0

45.0

700

600

500

400

300

200

100

0

Std. Dev = 11.14  
Mean = 61.9

N = 5704.00

Zscore(WT)

5.50
5.00

4.50
4.00

3.50
3.00

2.50
2.00

1.50
1.00

.500.00
-.50

-1.00
-1.50

800

600

400

200

0

Std. Dev = 1.00  

Mean = 0.00

N = 5704.00
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Z- Scores

s
XXZ )( !

=
Score = 24

Mean of Norm = 30

SD of Norm = 4

Z-score =
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Internal or External Norm
Internal Norm
A sample of subjects are measured. Z-scores are calculated based
upon the mean and SD of the sample. Thus, Z-scores using an
internal norm tell you how good each individual is compared to the
group they come from. Mean = 0, SD = 1

External Norm
A sample of subjects are measured. Z-scores are calculated based
upon mean and SD of an external normative sample (national, sport-
specific etc.). Thus, Z-scores using an external norm tell you how
good each individual is compared to the external group. Mean = ?,
SD = ? (depends upon the external norm)

E.g. You compare aerobic capacity to an external norm and get a
lot of negative z-scores? What does that mean?



30

Z-scores allow measurements from tests with
different units to be combined. But beware: higher
Z-scores are not necessarily better performances.

Variable
z-scores for

profile A

Sum of 5 Skinfolds (mm) 1.5

Grip Strength (kg) 0.9

Vertical Jump (cm) -0.8

Shuttle Run (sec) 1.2

Overall Rating 0.7

*Z-scores are reversed because lower skinfold and
shuttle run scores are regarded as better performances

-0.65

-1.2*

-0.8

0.9

-1.5*

z-scores for
profile B



-1 0 1 2

Sum of 5
Skinfolds

(mm)

Grip
Strength

(kg)

Vertical
Jump
(cm)

Shuttle
Run (sec)

Overall
Rating

z-scores

-2 -1 0 1 2

Sum of 5
Skinfolds

(mm)

Grip
Strength

(kg)

Vertical
Jump
(cm)

Shuttle
Run (sec)

Overall
Rating

z-scores

Test Profile A Test Profile B 
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Clinical Example:
T-scores and Osteoporosis

• To diagnose osteoporosis,
clinicians measure a patient’s
bone mineral density (BMD)

• They express the patient’s BMD
in terms of standard deviations
above or below the mean BMD
for a “young normal” person of
the same sex and ethnicity
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BMD T-scores and Osteoporosis

Although physician’s call this standardized score a T-score,
it is really just a Z-score where the reference mean and
standard deviation come from an external population (i.e.,
young normal adults of a given sex and ethnicity).

! 

T " score =
BMDpatient " BMDyoung normal( )

SDyoung normal
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Classification using BMD T-scores
• Osteoporosis T-scores are used to classify a patient’s

BMD into one of three categories:
– T-scores of ≥ -1.0 indicate normal bone density

– T-scores between -1.0 and -2.5 indicate low bone mass
(“osteopenia”)

– T-scores ≤-2.5 indicate osteoporosis

• Decisions to treat patients with osteoporosis medication are
based, in part, on T-scores.

• http://www.nof.org/sites/default/files/pdfs/NOF_ClinicianGuide200
9_v7.pdf
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Percentile: The percentage of the population that lies
at or below that score

-4 -3 -2 -1 0 1 2 3 4

34.13% 34.13%

13.59%13.59%2.15% 2.15%

 Mean
 Mode
 Median

68.26%

95.44%

Percentiles



Area under the
Standard Normal Curve

What percentage of the population is
above or below a given z-score or
between two given z-scores?

Percentage between 0 and -1.5

43.32%

Percentage above -1.5

50 + 43.32% = 93.32%

-4 -3 -2 -1 0 1 2 3 4
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Predicting Percentiles from Mean and SD
assuming a Normal Distribution

Percentile
Z-score for
Percentile

Predicted Percentile
value based upon

Mean = 170, SD = 10

5 -1.645 153.55

25 -0.675 163.25

50 0 170

75 +0.675 176.75

95 +1.645 186.45

Predicted percentile value = Mean + (Z-score x SD)


