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o Statistics is a mathematical science pertaining to the collection,
analysis, interpretation, and presentation of data. (Wikipedia!l).

o Data description (17th century: first censuses in national states).
o Probability theory (18th century: games of chance).

o During the 19th century Statistics is applied to experimental sciences
(Biology, Physics, Chemistry).

o During the 20th century Statistics benefits from the development of
computers.

@ During the 21th century Statistics benefits from the development of
both big data analysis and artificial intelligence.
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o Statistical method:

| POPULATION

Statistical model — |} f+ «— Statistical inference

| DATA |

o Descriptive statistics studies how to analyze and present data.

o Probability theory explains how data are generated from a
population. This is achieved by means of a statistical (or probability)
model.

o Statistical inference allows us to say something about the
population from the available data. This is achieved by "inverting"
the statistical model.

o This chapter is about descriptive statistics.
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A population is a set of people or objects. The elements of a
population are called individuals.

o A sample is a subset of a population.

Population and sample are relative concepts.

A variable is a characteristic of a population which can take different
values (examples: weight, age, color of eyes, income, etc.)
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o Two types of variables:

Q Qualitative (or categorical) variables, which are the ones that
cannot be measured numerically.

Q Quantitative variables, which are the ones that can be measured
numerically, i.e., through numerical values.

o There are two types of quantitative variables:

@ Discrete or countable, which are the ones that can take values from a
countable set of numbers.

@ Continuous, which are the ones that can take values from an
uncountable set of numbers (for instance, the set of real numbers).

@ There are two types of discrete (or countable) variables:

@ Finite, which are the ones that take values from a finite set of numbers.
Q Infinite, which are the ones that take values from a countable infinite
set of numbers (for instance, the set of rational numbers).
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o A variable is represented by a capital letter: X, Y, Z, ...

o The different K values taken by a variable are represented by small
letters: xq1, X0, ..., XK.

o If N is the number of individuals or objects of the population for
which we study a characteristic, then K < N.
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o Let us assume that we only care about one single variable X of the
population.

o Let us assume that the number of different values taken by this
variable is small (K < 10).

o The absolute frequency n(x) of the value x is the number of times
that the value x appears in the data.

o Note that }_n(x) = N.

o The distribution of absolute frequencies is the function n(-) defined
for all the possible values of the variable X.
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o The relative frequency f(x) of the value x is the fraction (or
percentage) of times that the value x appears in the data,

o Note that
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o The cumulative absolute frequency N(x) is the number of times that
the variable X takes values smaller or equal than x,

N(x) =} n(y).

y<x

@ The cumulative relative frequency F(x) is the fraction of times that
the variable X takes values smaller or equal than x,

NG ygxn(y)

v only)
N TR S e SRAS2

y<x y<x

F(x) =

o Note that cumulative frequencies are only well-defined for
quantitative variables.
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The following table summarizes the distribution of absolute, relative,
cumulative absolute and cumulative relative frequencies of the variable
"age" for a population (or sample) of 20 students:

Age x n(x) N(x) f(x) F(x)
18 5 5 0.25 0.25
19 3 8 0.15 0.40
20 7 15 0.35 0.75
21 4 19 0.20 0.95
22 1 20 0.05 1

Y n(x)=N=20 Yfi(x)=1
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Bar diagram of absolute frequencies of age:
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Bar diagram of relative frequencies of age:
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o If the number of values taken by a variable is large (K > 10), then we
partition the set of values into classes, intervals, or bins. That is, we
work with grouped data.

o Usually, we construct from 5 to 10 classes.
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Example. Population (or sample) size: 50 students. Variable: weight.

Cumulat. ) Cumulat.
. Absolute Relative .
Midpoint absolute relative
Interval freq. freq.
X n(X) freq. f(X) freq.
N(x) F(x)
(50, 55] 52.5 7 7 0.14 0.14
(55, 60] 55.5 8 15 0.16 0.30
(60, 65] 62.5 10 25 0.20 0.50
(65, 70] 67.5 12 37 0.24 0.74
(70, 75] 72.5 7 44 0.14 0.88
(75, 80] 77.5 6 50 0.12 1
N = 50 Yf(x)=1

@ Note that the midpoint is the value that represents the interval.
Therefore, we are committing an approximation error since we treat
all the values of an interval as if they were equal to the value of the
midpoint.
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o When we work with grouped data we use histograms for the
corresponding graphical representation.

o Histogram of absolute frequencies:

nix)
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o Histogram of relative frequencies:
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o Mean (or average value or arithmetic mean) of the variable X :

ZX’ x - n(x
= = 2 Zx f(x
where x; is the value of the variable X for individual /.
o Note that in the sum }_ we sum over individuals so that this sum has
i
N terms.

o However, in the sum )~ we sum over the different values taken by the

X
variable X so that this sum has K terms.
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o Properties of the mean.

QL(x—X)=0 or ;(X—Y)n(x)zo or Y (x —X) f(x) =0.

X

Proof.

Y (xi-X)=Y.x-Y.X=NX~-NX=0. Q.E.D.
I i i
@ kX = kX, where k is a constant (or scalar).

Proof. Note that the values taken by the variable kX for the N
individuals are kxq, kxp, ..., kxpy. Therefore,

ZkX,' ZX,‘
X — ! k- | L— | =
kX = N k N kX. Q.E.D.
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o Median: We order all the values of the variable X taken by the N
individuals from the smallest to the largest. We re-index the values
accordingly so that

x1 <x <x3 << xy-1 < Xy
Then, the median of X is

if N is odd
Median(X) =

if N is even.
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o Examples: (a) N =7 and the ordered values are 1,1, 3,6, 8, 8, 12.
The median is x4 = 6.

o (b) N = 8 and the ordered values are 1,1, 3,6, 8,8,12,3472. The

median is
x4 +x5  6+8

7.
2 2

@ The mean uses all the values of all individuals but it is more sensitive
to outliers and errors.

@ The median does not use all the values but, in general, is less
sensitive to outliers and errors.
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o Mode: It is the value that appears a larger number of times, i.e., is
the value with a larger absolute (or relative) frequency.

o A variable may have more than one mode.

o If we work with grouped data, then we use the midpoint values on the
previous formulae. We are thus committing an approximation error.

o Finally, note that the mean and the median (and the next measures)
are defined only for quantitative variables.
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o Variance: It measures the average of the square of the deviations
from the mean,

Z(Xi—7)2 (x —
Var(X) = S} =5>="- m =)

= Z(X—Y)Z < f(x).

X

7)2 - n(x)
N

@ The subindex X can be omitted when we work with a single variable.
@ Obviously, the variance is always non-negative.

o Note that, if we suppress the square, the previous formula is
meaningless since, for every variable X, we have

L (= X)

J. Caballé (UAB - BSE) Probability and Statistics



o Properties of the variance
1.2 =X2-X" |

In words: the variance is equal to the mean of the square minus the
square of the mean.

Proof:
Z(Xi_7)2 1 - o2
Sk == —N;[?—zx,-x+x]
1 PR, 2 ;X’2 - ;X' =2
=4 ;x,-—2XIZX,-+NX = 22X | | X
=X2_2. XX+ X =X - X" Q.E.D
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o Thus,

L _ 2. _ _
$2=xX2-X'=1__X =ZX—A’;(X)—X2 — Y f(x) =X
X

2. S2, = k?S% or Var(kX) = k?Var(X), where k is a scalar.

Proof:

Y (kg —kX)? L (kg —kX)® KL (x—X)
Sy = = = — S}
N N N

Q.E.D.
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(7]

(]

Standard deviation:

Sx =S = (S%)"% = +/Var(X).

Skx = kSx if k> 0.

Note that

Average absolute deviation:

!X/ X|

Z’X‘ |- ) ¥ x =X £(x)

The average absolute deviation is not differentiable with respect to
the value x; when x; = X.
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o Coefficient of variation (or variation coefficient):

o Note that

Skx kSx kSx Sx :
CVkX:_: — = _:T:CVX Ifk>0,
[RX| kX kX)X

so that the coefficient of variation is immune to the units of
measurement.

o The range of the variable X is the difference between the largest and
the smallest value taken by the variable.
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o The p% percentile: We order all the values of the variable X taken
by the N individuals from the smallest to the largest. We re-index the
values accordingly so that

X1 Sx < x3 < S Xy-1 S X

We compute the integer j (between 1 and N) nearest to the value

p-N 1

100 "2 ()
Then, the p% percentile is

Xp% = Xj»

with p € [0,100]. That is, x,9 is the value of the variable for which a
p% of the individuals exhibits a lower value of the variable.

o If there are two integers j and j + 1 that are at the same distance
from (%), then the p% percentile is

_ XX
Xp% = 5 .
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o Note that the range equals to xqpg9, — Xgo-
o The interquartile range is equal to x750, — Xo59.

o The median is equal to x5q9.
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o Coefficient of Asymmetry:

;(Xi—Y)B ;(X—Y)s-n(x) ;(X—Y) .
CAx="e < NS5, - S3

for S3 # 0.
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o Examples: CAx = 0. The distribution of x is symmetric.

nfx)
25 T+

05 1

J. Caballé (UAB - BSE) Probability and Statistics IDEA 30 / 62



o CAx < 0. The left tail is the longest.
nix)

35 T
34

25 +
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o CAx > 0. The right tail is the longest
nfx)

35 1

3 4
25 4
P
15 4
1 4
05 +
0 } } }
0 1 2

J. Caballé (UAB - BSE) Probability and Statistics IDEA 32 /62




o The coefficient of Kurtosis measures the thickness of the tails of
the distribution and is given by

Sxi—X)" E(x=X)" n(x) L(x=X)"(x)

CK - ! = X =
x N -S4 N -S4 s4

for S;‘( > 0.
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o Examples: Distribution of X
nix)
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o Distribution of Y
nfy)

45 ©

441
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o Then, CKx < CKy since the distribution of Y has thicker tails than
the distribution of X. In other words, the distribution of X has
thinner tails than the distribution of Y.
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o The multivariate frequency distribution (or joint distribution) gives us
the distribution of several variables.

o For instance, the joint distribution of absolute frequencies of two
variables X and Y gives us the number of times that each pair of
values (x, y) corresponding to the pair of variables (X, Y') appears in
the data.

o Example: Consider a population consisting of 100 father/son pairs
and consider two qualitative variables: X = color of the parent’s
eyes, Y = color of the son’s eyes. This table summarizes the joint
distribution of absolute frequencies of these two variables:

Father's color

Light | Dark
Son's | Light | 25 8 33
color | Dark 12 55 67
37 63 N =100
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o Another example: Consider the quantitative variables X and Y. We
have N observations for the values of these two variables.

X 1 X1, X0, X3, ..., XN
Y iy y2, Y30 YN

o The pair (x;, y;) gives the values of the variables X and Y for
individual /.
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We can summarize these values in a scatter plot, which gives us an idea
of the type of association (or correlation) between two quantitative
variables:
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Perfect Positive Correlation High Positive Correlation
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Low Postive Correlation Perfect Negative Correlation
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High Negative Correlation Low Negative Correlation
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No Correlation
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o Another example: Consider the variables
X = average monthly temperature in °C of a machine.
Y = number of breakdowns of the same machine in a month.

@ We have 100 observations (months) for the values of these two
variables.
X X1, X2, X3, ..., X100

Y i y1. )2, Y3, - Y100

o For the variable X (which is continuous) we work with 3 intervals or
classes. The variable Y is discrete and, in the data, only takes on the
values 2, 3, 4, 5.
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o The following table summarizes the distribution of absolute
frequencies:

(110 —130] | (130—150] | (150 — 170]
YAX 120° 140° 160°
2 20 15 10 45
3 12 7 5 24
4 4 10 2 16
5 0 5 10 15
36 37 27 100

o The absolute frequency nx y(x,y) of the pair (x,y) is the number of
times that this pair appears in the data. Example: nx y(140,4) = 10.

o Recall that the joint distribution of absolute frequencies of the
variables X and Y is the function nx,y (-, -) defined for the Cartesian
product of the set of values taken by each of these variables.

o Note that Y nx y(x,y) = N.
Xy
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o The relative frequency fx, y(x,y) of the pair (x,y) is the fraction (or
percentage) of times that this pair appears in the data:

fx.

o Example: fx y(140,4) =

y(x,y) =

0.1.

nX,Y(Xv.V)
N

o The following table summarizes the distribution of relative frequencies:

(110—130] | (130—150] | (150 — 170]
YAX 120° 140° 160°
2 0.20 0.15 0.10 0.45
3 0.12 0.07 0.05 0.24
4 0.04 0.10 0.02 0.16
5 0 0.05 0.10 0.15
0.36 037 0.27 1

o Note that YY" fx.y (x, y)
Xy
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o The distribution of (absolute / relative) marginal frequencies of
the variable X is the frequency distribution of this variable with
independency of the values taken by the other variables.

o The absolute marginal frequency nx(x) of the value x taken by the

variable X is
nx(x) = an,y(x,y).
y

@ The relative marginal frequency fx (x) of the value x taken by the
variable X is

o Example: ny(3) = 24 and fy(3) = 0.24.
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o Note that

_ Z’Xi x.nX(X) X-%nx,y(x,y)
X="y=L—§ =L %

Yx-nxy(x,y) YLYIx-nxy(xy)
Xy

I _
_; N B N

X=Yxfix)=YxY fvxy) =YY x fxy(xy),

and similarly for the formulae for the variance and other measures.
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o The distribution of conditional frequencies of the variable X
given Y = y is the relative frequency distribution of the variable X
for all the observations where Y = y.

o The conditional frequency fx|y (x|y) of the value x taken by the
variable X given Y =y is

nxy(x,y) fX,Y(X.Y)_

f p— =
XY (X|Y) ny(y) fy(y)
o Note that
Conxy(xy)  fxy(xy) |, fxyv(xy)
frix (v Ix) = () () ) fxiy (x1y).
o Example:
- nx,y (160, 3) 5 fx y (160, 3) 005
whereas
160, 3 5 f; 160, 3 0.05
Fyix (3\160):M _ fer(160.3) —0.1852.

nx(160) 27 fx(160)  0.27
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o Consider the quantitative variables X and Y. We have N
observations for the values of these two variables,

X X1, X2, X3, ..., XN
Y iy, ¥2,y3, 0 YN

o The covariance between X and Y measures the strength of the
association between these two variables and is given by

Li=X)- (=)
’ N
ZZ(X—Y) (y=Y) nxy(xy)
N
—ZZ x=X)-(y=Y) fxy(xy).

Sxyy = Cov (X, Y) =
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o Note that the covariance can be positive, negative or equal to zero.

o Properties of the covariance
1. Sxx =5%.
2. Sxy=XY-X-Y.

o In words: the covariance is equal to the mean of the product minus
the product of the means.

J. Caballé (UAB - BSE) Probability and Statistics IDEA 50 / 62



ZXi'YI_VZXi_YZYi+N'7'V

L Yi Zx, (B
= X-Y
-~ |t
=X Y-V X-X-Y+X-Y=X-Y-X-Y. Q.E.D.
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o Thus,

Sxy=X-Y-X-Y=" -X-Y

:sz-y-n;(\/,y(x,y) —7-7222x-y-fxly(x,y)—7-7.

3. Suxpy =a-B-Sx,y , where & and B are scalars.
Proof:

Y (wxi —aX) (Byi = BY) L (ax —aX) (Byi = pY)

Sux,py = m = N

4, SX,y :Syyx .
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o The coefficient of correlation rx y between the variables X and Y
is given by

Sx,vy
x - Sy

Xy = S when Sx > 0 and Sy > 0.

Note that ryx gy = 1x,y if @« > 0 and B > 0 so that the coefficient of
correlation is immune to the units of measurement.

Another interesting property of the coefficient of correlation is that
Irx v| <1, thatis, —1 <rx y <1 (see the proof in the handout).

In the temperature-breakdowns example we can compute (please do
it!) the following:

X =138.2, Y =3.01,
Sx =15.77 >Sy = 1.1, and CVx = 0.11 < CVy = 0.37,
vay =562 >0, Ixy = 0.32 > 0.
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o Let us consider the variables X; and X5,
X1 1 X11,X12, - XIN

X2 1 X1, X022, ..., XoN

and consider the scalars a3 and ap. Then, the values taken by the

variable
Z =1 X1 +axXo

are
Z: wixin+ Qoxo1, X1X12 + X2X2, .., K1XIN T X2X0N

"~ N~ ~\~
Z1 Zy zN
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@ The mean of the variable Z is

Yz Ll(aixij+aox)  Larxy+ L aoxy
! 1

S T - N
Y xii a2 )Xo ALY X1 X2 L Xoi
e
Yox Y X2 B B
= IN +an - IN =1 X1+ X> .

o In words: the mean of a linear combination of variables is equal to the
linear combination of means.

o In particular, if Z = X + Y, then

Z=X+Y.
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The variance of the variable Z is

*(zi — 7)2 T [axai + aoxo; — (a1 X1 + a2X2) ] ?

Se=y = N
> [a (xai — X1) + as (xo —72)]2
=" N
2 [od (i = X1)" + o (o = X2)” o+ 2m102 (01 = Xa) (s = Xo) |
N
2(X1i—71)2- Z(Xzi—72)2
:[X%- ’T —i—Dé% ’T

T (1= X1) (= X2) |

+20 07 N

—1x1 SX1+DC2 S +2“1“2SX1X2-
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o In particular, if Z =X+, then

S2 =S% +S% +2Sx.y .
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o Consider the following (column) vector of M variables:
X1
X2
X =
Xm

o The mean vector (or vector of means) of the vector of variables X is

X =
Xu
where X is the mean of the variable X;.
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@ The variance covariance matrix (or covariance matrix) of the vector X
of variables is the following M x M matrix

S$2 Sip -+ Sim
s—| Sn %o S|
Smi Swm2 S,

where S;; = Sx; x, and SJZ = S§<j =Sx,x; =Sj.

o Since Sj; = Sgj, for all pairs (j, g), the matrix S is symmetric.
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o Define the vector of scalars

xpm
o Define the variable Z as a linear combination of the variables
appearing in X,
Z=)Y ajX;j=aTX,
J

where T denotes the transpose.
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o Then,

J
and
2 2Q2 2Q2
S7 =) aiS +2) Y wjngSjg =) aiSi+) ) wjagSjq
J q Jj J q J
j<q i#q
=YY ajagSjg = aTSu, where
i aq
M M-1
@ )Y means Y, Y ,
q; q=j+1 j=1
Jj<q

M M

o Y Y means Y Y,

q j q=1j=1
j#q 97

° Z): means }: ):

j=1lg=1
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o Note that S2Z = «TSa > 0 for all vector of scalars «. Therefore, the
covariance matrix is (symmetric) positive semi-definite. This implies
that the determinant of the matrix S is non-negative.
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The Correlation Coefficient rxy

The correlation coefficient rx y between two variables X and Y satisfies —1 <rxy <1
or, equivalently, |rxy| < 1.

Proof. Consider the symmetric 2 x 2 variance covariance matrix of the vector of
variables (X,Y),
% Sxy
S =
Sx,y S?

Yy
Since for every vector of scalars,

03]

Qg

it is true that Var (an X 4+ a2Y) = aTSa > 0, it follows that the matrix S is
symmetric positive semi-definite. This means that the determinants of all the
main minors of S are non-negative, that is, % > 0, S? > 0, and det (S) > 0. Note
that

2
det (S) = $%S% — (Sxy)’ = $%S? [1 _ (Ssjsy) ] =382 [1 - (rxy)’] > 0.
)

Since $%S2 > 0, we have that det (S) > 0 if and only if (rxy)® < 1. That is, it
must hold that |rxy| <1 or, equivalently —1 <rxy <1. Q.E.D.



Exercises. Probability and Statistics. IDEA.
Descriptive Statistics

. (a) Compute the mean, the median and the standard deviation of the following
data in cm: 28, 22, 35, 42, 44, 53, 58, 41, 40, 32, 31, 38, 37, 61, 25, 35.

(b) Classify the previous data into 5 classes (or intervals) with a length of 10
cm each ((20 — 30]; (30 — 40;]; etc.) and compute the previous characteristic
measures using the formulae for grouped data.

(c) Draw the histogram for these grouped data.
. Find the value of ¢ minimizing > (z; — a)?. Discuss.
i=1

. Prove that the arithmetic mean of the variable Z obtained by adding the data
of two variables, X and Y, equals the sum of the arithmetic means of these
variables.

. Prove that, if we construct a variable Z by mixing n; values of X and ns values
of Y, the mean of Z is

2= (o) 7+ ()7
ny + nNo ny + ng

where X and Y are the means of the two initial variables.

. If Z = X +Y, prove that the variance of Z could be greater or smaller than the
sum of the variances of the summands.

. In 1879 Michelson obtained the following values for the speed of the light in
the air (we provide the results subtracting 299.000 from the original data, in
km/sec, to make easier the computations): 850, 740, 900, 1070, 930, 850, 950,
980, 980, 880, 1000, 980, 930, 650, 760.

In 1882 Newcomb, using another procedure, obtained (subtracting again
299.000): 883, 816, 778, 796, 682, 711, 611, 599, 1051, 781, 578, 796, 774,
820, 772.

(a) Compute the mean and the standard deviations.

(b) What conclusions could you infer from (a)?
. The geometric mean of the variable X is defined as
G=(x1 Ty .. zp)/"

and the harmonic mean of X as

n

1 -1
H:( —> .
— Xy
=1

SRS



10.

11.

You are asked

(a) to find the relationship between the geometric mean and the mean of the
logarithm of the original variable X;

(b) the same between H and the mean of Y, where Y = X1,

. Prove that, if there exists a exact linear relationship between two variables,

Y = a+ bX, with b > 0, then their correlation coefficient is equal to one.
Compute the variance and the correlation coefficient of the following data:

X:2 121 4

Y: 8 9 8 5 10

Consider the following joint distribution of absolute frequencies n(x,y) of the
variables X = age and Y = weight of a group of 42 secondary school boys.
There are only two ages: 13 and 14 years. The weights (in kilograms) are
grouped into three intervals (or classes): (35,45], (45,55] and (55,65], which are
parametrized by their corresponding midpoints (40, 50 and 60).

Y = weight

40 50 60

X=age 13| 4 |7 |7
141 3 | 8|13

You are asked to

(a) compute the distributions of marginal relative frequencies of age, fx(x) for
x = 13,14, and weight, fy(y) for y = 40,50, 60;

(b) compute the means of age X and weight Y
(c) compute the variances of age S% and weight S%;

(d) compute the covariance between age and weight Sy and the corresponding
correlation coefficient ryy;

(e) compute the distribution of conditional (relative) frequencies of age given
that the weight is 60, fxy (60) for z = 13,14 .

Let the variable X be the number of theater attendances and Y the number
of cinema attendances. Consider the following table of monthly relative
frequencies of theater and cinema attendances for a group of retired people:

X
0 1 2
041]0.05| O

0.19 | 0.06 | 0.02
0.10 | 0.05 | 0.02
0.02 | 0.07 | 0.01

=W N =




12.

13.

You are asked to

(a) find the distribution of marginal relative frequencies of the number of cinema
attendances;

(b) find the distribution of conditional (relative) frequencies of the number of
cinema attendances for the retired people who have not gone to the theater;

(¢) compute the means and the standard deviations of the variables X and Y.
(d) compute the covariance between the variables X and Y.

The distribution of the number of accidents caused by 705 bus drivers in the
last 4 years has been the following;:

H Number of accidents H n H

0 114
1 157
2 158
3 115
4 78
5 44
6 21
7 7
8 6
9 1
10 3
11 1

(a) What type of variable are we dealing with? (discrete or continuous,
qualitative or quantitative).

(b) Complete the frequency table by adding the relative frequencies f, the
absolute cumulative frequencies N, and the relative cumulative frequencies F.

(¢) Draw the bar diagram (or chart) of absolute frequencies.

(d) Compute the mode, the mean and the median.

(e) Find the 50%, 75% and 40% percentiles; 509 759 and T40%.

An exporting firm sells its product to three countries (China, Japan and Korea).
The variable X represents the number of commercial representatives in each
country and the variable Y represents the revenues from each country (measured

in units of one hundred thousand euros). The following table summarizes the
information:

XY
China | 3 | 7
Japan |4 |9
Korea | 5 | 7

(a) Compute the variances of X and Y, Var(X) and Var(Y').



14.

15.

(b) Compute the covariance between X and Y, Cov(X,Y).

(c) Find the conditional (relative) frequencies of X given Y =7, fxyy (z7)
for z = 3,4,5, and the conditional (relative) frequencies of X given Y =9,
Ixy (x]9) for x =3,4,5.

The following observations correspond to the market value of two given shares
of stock during 10 days:

Shareof stock A: 1.25, 1.34, 1.02, 1.01, 0.98, 1.12, 1.40, 1.23,1.10, 1.02
Share of stock B: 1.40, 0.98, 1.32, 1.20, 0.97, 1.24, 1.10, 0.89, 1.36, 1.01

(a) What is the mean value of each share of stock during the observed period?

(b) What is the median of the values of each share of stock during the observed
period?

(c) From the point of view of a potential investor, and according to these
observations, which of the two shares of stock is less risky (that is, which one
has smaller variance)?

The variable X represents the number of years that a former student of
Economics and Business of the UAB remained unemployed after completing
her degree. The variable Y represents the number of questions of the final
exam of Statistics that the same former student answered correctly. Consider
the following table of relative frequencies of X and Y from the population of
former students:

X

0 1
0[0,010,28
10,07 0,17

Y 2[0,13]0,08
3(70,10 [ 0,01
4[0,15 [ 0,00

You are asked to:

(a) Find the distribution of marginal relative frequencies of the number of
correct answers in the exam.

(b) Find the distribution of conditional frequencies of the number of correct
answers for the former students who remained unemployed during one year.

(c¢) Compute the mean and the standard deviation of the variables X and Y.

(d) Compute the covariance and the correlation coefficient between X and Y.
What conclusion do you reach about the relationship between the number of
correct answers and the number of years unemployed?



Probability and Statistics. IDEA. Answers.

Descriptive Statistics

1. (a) The mean is
Y n 622

S
I
|

= 38.875

The median is:

1. the central value, if it is unique, after ordering the observations according
to their magnitude, or

2. if there are two central values, then it is the mean of these two values.

Since n = 16, the central values are xg = 37 and x9 = 38. Thus, the median

is:

ZL'S—f—fL'g

Median = x500, = 5 = 37.5.
"o — X)? [
Sy = \/2121@ ) = \/Zml Yi X2 — 107114,
n n
(b)

classes | midpoint observations n(x;
(20, 30 25 22,25,28 3
(30, 40] 35 31,32,35,35,37,38,40 | 7
(40, 50] 45 41,42,44 3
(50, 60] 55 53,58 2
(60, 70] 65 61 1

] 3 7 3 2 1
X, = — 252 4350 1452 4552 4 65— = 39.375.
>_zf(@) 16 %16 T 16 16 T 16

T



Median = 35.

S = \/Za:?f(x) — X, =/124.61 = 11.163,

Histogram




This means that, if we want to make the smallest sum of squared deviations
from a value, this value must be the mean of the observations. Note that the

formula for the variance uses this value.

3. Let X :xy,...,zpand Y tyy,...,yp,and Z = X +Y 21 4y1, ..., T + Yn.

Then
7 ZZZZ _ Zz($z+yz) _ ZZ% 4 Ziyi

4. Let Xt 2q,...,xp,and Y ty1, o Yng,and Z = XY 121000 20 Y1y e ey Yny =

21y Znytny- Lhen
ni+n n ni+nsg
7 — Zi:ll 2z _ Zi:11zi+2i:n1+1zi _ szz i Ziyi _ n X n2 v
n1 + Mo Ny + No n1 + Na ny+ng N1+MnNe  Np+No n1 + Na
5. Z=X+Y

Var(aX + BY) = o*Var(X) + #*Var(Y) + 2a3Cov(X, Y),

so that

Var(Z) = Var(X +Y) = Var(X) 4+ Var(Y) + 2Cov(X,Y).



Since Cov(X,Y) Z 0, then Var(Z) = Var(X) + Var(Y).

6. (a) Let the Michelson’s observations be the variable X, and those of
Newcomb be Y. Then X = 896.667 and Y = 763.2, while Sy = 108.115
and Sy = 115.418.

(b) The Michelson data’s mean is closer to the theoretical velocity of the
light. Moreover, it has smaller standard deviation. Summing up, Michelson

made a better job.

7. (a) Let X : x1,...,2, and let In X : Inzy,...,Inx,. Note that we must

have x; > 0. Then, the mean of In X:

1/n
m—%zmxi—%ln (H.IZ) =In (H%) =IndG.

(b) Now let Y = X1 : %,...,win. Then

8. Y =a+bX and b > 0, then Var(Y) = v*Var(X) and Cov(X,Y) = bVar(X).

Therefore,
. _ Cov(X,Y)  bS% —ﬁ—l
ETUUSkSy ISk Bl




if b > 0.

9. X =2,V =8 Var(X) = 5% = 1.2, Var(Y) = S2 = 2.8.

(x; — X P — Y LY SO
Cov(X,v) = 2@ = X)W = V) _ 2% o 179 1619
n n
Thus,
Cov(X,Y) 1.2

= 0.65465.

YT TSSy Viaves

10. () fx(18) = 5 = 3 x (1) = 5 = %
fr(40) = 35 = 5, fr(50) = 3§ = &1, f(60) = 5 = 3.
(b) X =3, ofx(xr) =13.5714, and Y = >, ufy(y) = 53.0952.
(c) S% =, 2% fx(z) — X? = 184.4286 — 184.1837 = 0.2449 and
Sy =2, v fr(y) — Y2 = 2873.8095 — 2819.1043 = 54.7052.
(d)

Sxy =Y ayf(z,y) — XY = 721.1905 — 720.5782 = 0.6122.
Ty

Sx,y

= = (0.1673.
I'xy S¢Sy

(e) fx|v(13]60) = 55 and fx)y(14]60) = 3.



(b) Note that fx(0) =0.72, fx(1) = 0.23, fx(2) = 0.05.

frix(yle) = H28 = fyx(y|0) = L84 Therefore, fyix(1]0) = $45 =
0.57, fY|X(2|0) = % = 0.26, fY|X(3|0) = % = 0.14, fY|X(4|0) =

(€) X =32 gafx(z:) =033,V =3, yfy(y:) = 1.91.

8% =32 2% fx() — X2 =0.43 — 0.1089 = 0.3211. Thus, Sx = 0.5667.

0.03.

0.02 __
0.72

S =30 1 v fy(y) — Y2 = 4.67 — 3.6481 = 1.0219. Thus, Sy = 1.0109.
(d) Sxy =30 o> 1 ayf(z,y) — XY = 0.88 — 0.6303 = 0.2497.

12. (a) Discrete and quantitative.

(b) f(z) =22 N(z) =37 yn(j), F(z) = 22, 2 =0,1,...,11.




Bar chart

180 4

160

140 —

120 —

100 H—{—

60 HI————

40 -H————1l

20 -H——{———
0 A‘IHIHI.-.II'II.-.I

0 1. 2 3 4 5 6 7 8 9 10 11

(d) Mode = 2, Mean = 2.3021, M edian = 2.

(e) 509 = 2, Trs%, = 3, Taon = 2.



13. Table of absolute frequencies, n(x,y):

Y\X 345
7 1lof1]2
9 0[1]0]1

11|13

(a) X = 3545 _ 4 and ¥ — 1047 _ 28

3 3 3
S(wi)? —
Var(X) = : _X = 9+lg+25 _ (4)2 _ %
> (i) 5 )
e
TiYq -
(b) Cov(X,Y) = - (X Y) 37+4 9+5-7 ( ?3) 21+36+35 93_2 —0.
(
n3, 7) - forz =3
2
fl@,7)  n(@,7)  n@7) n(4,7)
7 p— pry ey — ) — _
(C) fX‘Y ('T | ) fY(7) ny(?) 9 5 0 for z 4
n(5.7) == forxz =5
\ 2
.
n(3,9) =0 forz =3
1
f2,9)  n@9) 09 | n@,9
9 — —_= — — 9 - _
fxy (219) v (9) 1y (9) 1 1 1 forz=4
n(5,9) =0 for z = 5.
\ 1

14. (a) Mean = le L2 Mean of A= Mean of B = 1.1470.

(b) Median of A =%112 =111, Median of B = 219120 =115,

10 10

10 .2 . 2
(¢c) Variance = (Z2.a) (Zgl ) . Then,

Variance of A = 0.0201, Variance of B = 0.0297 = A is less risky



than B.

15. (a) fy(0) = 0.29, fy(1) = 0.24, fy(2) = 0.21, fy(3) = 0.11, fy(4) = 0.15.
(b)

fxy(Ly)  fxy(1,y)

, fory=0,1,2,3,4.

Then, fyx(0]1) = 0.5185, fyx(1]1) = 0.3148, fyx(2]1) = 0.1481,
frix (3]1) = 0.0185, fyx(4]1)=0.
(c) X =0 fx(0)+1- fx(1) = 0.54,
Y = fjoyfy(y) =0-029+1-024+4+2-02143-0.11+4-0.15 = 1.59.
=

Sx = \/ (0—0.54)*-0.46 + (1 — 0.54)* - 0.54 = 0.4984, or alternatively,

Sx = /(02-0.46 + 12 - 0.54) — (0.542) = 0.4984

(0—1.59)*-0.29 + (1 — 1.59)%- 0.24 + (2 — 1.59)* - 0.21
Sy = — 1.3935,

+(3—1.59)*-0.11 4 (4 — 1.59)* - 0.15
or alternatively,

Sy = /(02- 029+ 12-0.24 + 22 - 0.21 + 32- 0.11 + 42 - 0.15) — (1.592) = 1.3935.
(@ Sxy = 3 (5= X) (5= ¥) flop) - [zzwﬂ >} Xy

=0 y= =0y
[y 4 —_—

= ZIO-y-f(O,y) + Zol-y-f(l,y)} - XY = [Zol-y-f(l,y)} - XY

y= y= y=
=0+4+1-017+2-0.0843-0.01 +0) — (0.54-1.59) = —0.4986.

Sxy —0.4986
= = = —0.7179.

XY TS, T 0.4984 - 1.3935
Therefore, we see that the larger is the number of correct answers, the lower

is the average number of years that the former students remain unemployed.





