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USA Gasoline Prices from 1984 to 2004
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USA Gasoline Prices from 1984 to 2004
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Statistics

- The science of “data”

- Involving the collection, analysis, interpretation,
presentation, and organization of data
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Main Statistical Methodologies

‘ Statistics

Descriptive
Statistics

Numerical and graphical
methods to look for
patterns, to summarize the
Information in a data set

Inferential
Statistics
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Summary Measures

Quartile

Central Tendency

Mean Median Mode
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Mean, Median, Mode, and Quartile

- Suppose we have samples:

@ @ @ e
12 34 10 11 12 13 14
g1 =9 q3 =9
Median =7
q1 qs
mean Average or mean value of array
median Median value of array
mode Most frequent values in array

prctile Percentiles of a data set



http://www.mathworks.com/help/matlab/ref/mean.html
http://www.mathworks.com/help/matlab/ref/median.html
http://www.mathworks.com/help/matlab/ref/mode.html
http://www.mathworks.com/help/stats/prctile.html
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Range and Interquartile Range

- Suppose we have samples:

@ e e
1t234 6 8 10111213114

d1

Ranqe — 10
Interquartile Range =4

max Largest elements in array
min Smallest elements in array



http://www.mathworks.com/help/matlab/ref/max.html
http://www.mathworks.com/help/matlab/ref/min.html
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Variance and Standard Deviation

- Suppose we have samples:

_Qlilil e

1234567389 10 11 12 13 14

X (xi—%)*

- Variance: s = =——— = 14.3974
. — )2
- Standard deviation: s = \/Z(il_f) = 3.7944
std Standard deviation

var Variance



http://www.mathworks.com/help/matlab/ref/std.html
http://www.mathworks.com/help/matlab/ref/var.html
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Exercise

- Find the following properties of the variable x4

1. Mean, median, mode, and quartile

2. Range and interquartile range
3. Variance and standard deviation

load stockreturns;
x4 = stocks(:,4);
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Figures Are Always More Powerful

- Suppose we have samples:

x = 1:14;

freqy = [1 010401031001 1]

123456789101]1213[4-

1+
0.5¢

subplot (1,3,1); bar(x,freqy); xlim([0 157);
subplot (1,3,2); area(x,freqy); x1lim([0 1571);
subplot (1,3,3); stem(x,freqy); x1lim([0 157);
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Exercise

- Suppose we are given the samples:

2 4567891011121314

x=[135555799 910 13 14];

- Plot the histograms:

0
1234567891011121314
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Boxplot

- Suppose we are given the samples:

2 4567891011121314

I
| I
min a1 q1 qs max
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Boxplot Example

marks = [80 81 81 84 88 92 92 94 96 97];
boxplot (marks)
prctile (marks, [25 50 75])
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Exercise

- Plot the boxplot of the variable stocks

load stockreturns;

Al -
4 +
2‘_7 -
_2ﬁ |

<t_

<t_
4
-6* -

1 2 3 4 5 10




Applications of MATLAB in Engineering

Skewness

- A measure of distribution skewness
- Left-skewed: skewness <0

- Right-skewed: skewness > 0

Left-Skewed Symmetric Right-Skewed
Mean < Median < Mode || Mean = Median =Mode || Mode < Median < Mean
/1 ™~
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Skewness: skewness ()

X = randn([10 3])*3;

X(X(:,1)<0, 1) = 0; X((X(:,3)>0, 3) = 0;

boxplot (X, {'Right-skewed', 'Symmetric', 'Left-skewed'}):;
y = skewness (X)

Right-skewed Symmetric Left-skewed
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Kurtosis

- A measure of distribution flathess

- A kurtosis of a normal distribution iIs zero
- Positive Kurtosis: more acute peak

- Negative Kurtosis: more flat peak

Positive Kurtosis

Negative Kurtosis
+————— Normal Distribution
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Exercise

- FInd the skewness and kurtosis for each column
of the variable stocks

load stockreturns;
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Main Statistical Methodologies

‘ Statistics

Inferential
Statistics

Descriptive
Statistics

Methods to make
estimates, decisions, and
predictions using sample
data
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Statistical Hypothesis Testing

- A method of making decisions using data

- Example: Am | going to get grade A in this class?
- Typical hypothesis:

‘H0:0=00 D.S. Hl:Q;&HO
.HO:HZQO V. S. H1:9<90
.HO:HSQO V. S. H1:9>90

where H, is null hypothesis, and H; Is alternative
hypothesis
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Hypothesis Testing Procedure

- Determine a probability, say 0.95, for the hypothesis test
- Find the 95% “confidence Interval” of the H,

- Check if your score falls into the interval
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Terminology in Hypothesis Testing

- Determine a probability, say 0.95, for the hypothesis test
- Find the 95% “confidence Interval” of the H,
- Check if your score falls into the interval
- Terminology:
- Confidence interval
- Confidence level (1 — a)
- Significance level a

- p-value
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t-test Example

- Are means of the two stock returns (#3 and #10)

the same?

x]1 =

[h,p]

load stockreturns;
stocks(:,3); x2 =
boxplot ([x1, x2], {'3"',

ttest2 (x1, x2)

stocks (:,10);
"10"});

AW N B O B N O w A
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Two-tailed Significance Test

- Using a 5% significance level
L

Reject H,

Reject H,

Lower critical Upper critical
region region
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One-tailed Significance Test

- Using a 5% significance level
L

Reject H,

Upper critical
region
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Common Hypothesis Tests

: : More than
Paired data Unpaired data
two groups
Parametric « Zz-test * two-samplet- -« Analysis of
e t-test test variance
(ANOVA)
Non-parametric < Sign test * Wilcoxon
« Wilcoxon rank-sum test
signed-rank
test
ranksum () Wilcoxon rank sum test
signrank () Wilcoxon signed rank test
ttest () One-sample and paired-sample t-test
ttest2 () Two-sample t-test

ztest () Z-test



http://www.mathworks.com/help/stats/ranksum.html
http://www.mathworks.com/help/stats/signrank.html
http://www.mathworks.com/help/stats/ttest.html
http://www.mathworks.com/help/stats/ttest2.html
http://www.mathworks.com/help/stats/ztest.html
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End of Class




