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Statistics is the art of learning from data

* |t is about mode to collect data;

* It is about subsequent description and analysis;

* It is about final conclusions from data acquisition.

* The part of statistics dedicated to the description

and summarization of data is called descriptive
statistics.




Paired Data Sets

Let’s consider data sets that consist of pairs of values that have some relationship to
each other. For example, the daily midday temperature [°C] and the number of
defective parts produced during that day, a company recorded the data presented in
Table 2.8. For this data set, x; represents the temperature and y; the number of
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In[1]= datal = {24.2, 22.7, 30.5, 28.6, 25.5, 32.0, 28.6, 26.5, 25.3, 26.0, 24.4, 24.8, 20.6, 25.1, 21.4, 23.7,

23.9, 25.2, 27.4, 28.3, 28.8, 26.6};
data2 = {25, 31, 36, 33, 19, 24, 27, 25, 16, 14, 22, 23, 20, 25, 25, 23, 27, 3@, 33, 32, 35, 24};

In[3]:= datapoints = Transpose[{datal, data2}]

out[al= {{24.2, 25}, [22.7, 31}, {30.5, 36}, {28.6, 33}, {25.5, 19}, {32., 24},
(28.6, 27}, {26.5, 25}, {25.3, 16}, {26., 14}, {24.4, 22}, {24.8, 23}, {20.6, 20}, {25.1, 25},
{21.4, 25}, {23.7, 23}, {23:9, 27}, {25.2,; 38}, {27.4, 33}, [28.3, 32}, {28.8, 35}, [26.6, 24}}

259, L

In[4]:= ListPlot [datapoints, Frame -» True, GridlLines - Automatic, FramelLabel - {"T, °C", "N of defects"},

AspectRatio- 1, PlotRange- {{20, 33}, {13, 36}}, PlotStyle - PointSize[Medium] ]
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Let’s introduce some statistics that are used for describing the center of a set of data
values x; = [X1, X2, ..., X, ]:

Sample Mean

Definition: The sample mean is the arithmetic average of the values of the
variable x; in a sample [xq, x5, ..., X,,]:

n
_ Xi
=)
n

i=1

Sample Median

* Definition: The sample median is the middle value, when the data set is arranged
in increasing order.

Thus, one should order the values of a data set of size n from smallest to largest.
. . . ... 1
o If nis odd, the sample median is the value in position %;

o ifniseven, itis the average of the values in positions g and g + 1.



EXAMPLE

The winning scores in the U.S. Masters golf tournament in the years from
1999 to 2008 were as follows:

x; =[ 280, 278, 272, 276, 281, 279, 276, 281, 289, 280 ]

Sample Mean is 279.2
280 + 278 + 272 + 276 + 281 + 279 + 276 + 281 + 289 + 280

10

- 279.2

Sample Median is 279.5

n=10 is even, it is the average of the values in positions n/2=5 and n/2+1=6 :
[ 272, 276, 276, 278, 279, 280, 280, 281, 281, 289 ]

279+280
2

=279.5



Sample Mean and Sample Median

*»» The sample mean and sample median are both useful statistics for
describing the central tendency of a data set.

** The sample mean makes use of all the data values and is affected by
extreme values that are much larger or smaller than the others.

** The sample median makes use of only one or two of the middle values
and is thus not affected by extreme values.

** Which of them is more useful depends on what one is trying to learn
from the data.



One also might be interested in the parameters that describe the spread or
variability of the data values.

Sample Variance

* Definition: The sample variance is the measure of average value of
squares of the distances between the data values and the sample mean:
eq(x; — )2
n-—1
Example 2.3f. Find the sample variances of two data sets:
x;i=13,4,6,7,10 Jand y; = [—-20,5,15,24 ]

SZ

— 3+4+6+7+10 —20+5+15+24

Solution: x = = =6,y = ” 6;
Y- _N\2 _N\2 N2 N2

S,Zc _ (3-6)*+(4-6) +(6sf)1 +(7-6)2+(10-6)% _ 7.5,
_20_K)2 rAY- Y/ N2

Sf, _ (=20-6)*+(5 6)4f§15 6)°+(24-6)% _ 360.67.

= Conclusion: both data sets have the same sample mean, but there is a
much greater variability in the values of the Y set than in the X set.



Sample Standard Deviation

* Definition: The positive square root of the sample variance is
called the sample standard deviation:

7.1_ x._fz
s=\/S_= “i_‘l ) .
\

The sample standard deviation is measured in the same units as the data.



Paired Data Sets

Let’s consider data sets that consist of pairs of values that have some relationship to
each other. For example, the daily midday temperature [°C] and the number of
defective parts produced during that day, a company recorded the data presented in
Table 2.8. For this data set, x; represents the temperature and y; the number of

defective parts produced on day i.
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¢ If x; — X and y; — y both have the same sign (either positive or negative), then
their product (x; — x)(y; — y) will be positive. Thus, it follows that when large x
values tend to be associated with large y values and small x values are associated
with small y values, then }.i* ; (x; — X)(y; — ) will be a large positive number.

¢ Also, it similarly follows that when large values of x; tend to be paired with small
values of y;, then the signs of x; — x and y; — y will be opposite and so
t1(x; —x)(y; —¥) will be a large negative number.

% To determine what it means for .7 ;(x; — X)(y; — ¥) to be “large,” we
standardize this sum first by dividing by n-1 and then by dividing by the product
of the two sample standard deviations.

 Definition: The sample correlation coefficient r, of the data pairs (x;, y;),
wherei = 1,...,n,is defined by

=1 —0@i=Y) _| TR (-2 _ i=1(xi =)y —y)
(n = Dsysy STy n-1 VI G — D2 S (7 — 9)?

s Whenr > 0 the sample data pairs are positively correlated, and when r < 0 they are
negatively correlated.




Paired Data Sets

Let’s consider data sets that consist of pairs of values that have some relationship to
each other. For example, the daily midday temperature [°C] and the number of
defective parts produced during that day, a company recorded the data presented in
Table 2.8. For this data set,x; represents the temperature and y; the number of
defective parts produced on day i.

Table 2.8.|| A% B(Y)

T,C N of Defect
=i 24.2 25
B 227 31
3] 305 36
4] 28.6 33
5] 255 19
6] 32 24
2 28.6 27
8| 26.5 25
9] 25.3 16
10] 26 14
11] 24.4 22
12] 24.8 23
13] 20.6 20
14] 25.1 25
15] 21.4 25
16| 237 23
17 23.9 27
18] 25.2 30
19] 27.4 33
20 28.3 32
21] 28.8 35
22 26.6 24

EXAMPLE 2.6a. Find the sample correlation coefficient
for the data presented in Table 2.8.

Solution:

datal = {24.2, 22.7, 30.5, 28.6, 25.5, 32.0, 28.6, 26.5, 25.3, 26.0, 24.4,
24.8, 20.6, 25.1, 21.4, 23.7, 23.9, 25.2, 27.4, 28.3, 28.8, 26.6};
data2 = {25, 31, 36, 33, 19, 24, 27, 25, 16, 14, 22, 23, 20, 25, 25, 23, 27,

30, 33, 32, 35, 24};

al = Mean[datal] // N;
a2 = Mean[data2] // N;

suml = Sum[Take[ ( (datal - al1) x (data2 -a2)), {n}], {n, 1, 22, 1}];
sum2 = Sum[Take[(datal-al)z, {n}], {n, 1, 22, 1}];
sum3=Sum[Take[(dataZ-aZ)Z, {n}], {n, 1, 22, 1}]5

suml
———— no(x: —x A—Y
4/ sum2 x sum3 r = l_l( l_ )(yl y) — ~ 0.4
'9.418944 \/2?=1(xi —X)? ?:1(yi - J’)Z
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Paired Data Sets

Let’s consider data sets that consist of pairs of values that have some relationship to
each other. For example, the daily midday temperature [°C] and the number of
defective parts produced during that day, a company recorded the data presented in
Table 2.8. For this data set,x; represents the temperature and y; the number of
defective parts produced on day i.
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Table 2.8. EXAMPLE 2.6a. Find the sample correlation coefficient

for the data presented in Table 2.8.

Solution:

in[1]:= datal = {24.2, 22.7, 30.5, 28.6, 25.5, 32.9, 28.6, 26.5, 25.3, 26.0,
24.4, 24.8, 20.6, 25.1, 21.4, 23.7, 23.9, 25.2, 27.4, 28.3, 28.8, 26.6};

data2 = {25, 31, 36, 33, 19, 24, 27, 25, 16, 14, 22, 23, 20, 25, 25, 23,
27, 30, 33, 32, 35, 24};

In[3]:= Correlation[datal, data2] //N
out[3]= 0.418944

. ic1(xi —0)(yi—y) ~ 04
I (i — 02X (v — y)?
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Paired Data Sets

Let’s consider data sets that consist of pairs of values that have some relationship to
each other. For example, the daily midday temperature [°C] and the number of
defective parts produced during that day, a company recorded the data presented in
Table 2.8. For this data set, x; represents the temperature and y; the number of
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in[1]= datal = {24.2, 22.7, 3.5, 28.6, 25.5, 32.0, 28.6, 26.5, 25.3, 26.0, 24.4, 24.8, 20.6, 25.1, 21.4, 23.7, 23.9,
25.2, 27.4, 28.3, 28.8, 26.6};
data2 = {25, 31, 36, 33, 19, 24, 27, 25, 16, 14, 22, 23, 20, 25, 25, 23, 27, 30, 33, 32, 35, 24};

In[3]:= datapoints = Transpose[{datal, data2}];
In[4]:= 1mf = LinearModelFit [datapoints, x, x];

In[5]:= Show[ListPlot[datapoints], Plot[Imf[x], {x, 20.5, 32}, PlotStyle -» {Thickness[©.007], RGBColor[1l, @, ©]}1,
Frame -» True, GridlLines - Automatic, Framelabel - {“T, °c™, "N of defects"}, AspectRatio- 1,

PlotRange -» { {20, 33}, {13, 36}}, PlotStyle - PointSize [Medium]]
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