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| This course will help to develop
|

Your appreciation of what statistics is really about

Your skills at analyzing data using statistical software

Your ability to choose and apply appropriate methods

Your ability to correctly interpret the analysis results

Your capability to learn more about statistics ...
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| This course will not ..
|

Teach you EVERYTHING about statistics !

Give you cookbook recipes for success

Show you how to perform miracles with data

Be the last thing you learn in statistics ..
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Prerequisites

= Some knowledge of mathematics

= Some experience of spreadsheet
software (e.g. excel)

= + lots of curiosity !
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Activities

= Lectures 9-11am weeks 7-10
= Practical classes 2-5pm weeks 7-10
= Self-study of notes/books/web
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| Further reading ..

Hand out notes - please spend a couple of hours each week going through
each chapter. Also web based material: www.met.rdg.ac.uk/courses/stats

M.R. Spiegel (1992) "Theory and problems of statistics”, Schaum ouline

series.

M.H. De6root and M.J. Schervish (2002) Probability and Statistics, (3™
edition), Addison-Wesley, 816 pp.

D. Wilks (1995) “Statistical Methods in the Atmospheric Sciences”,
Academic Press

H. von Storch and F. Zwiers (1999) “Statistical analysis in climate
research”, Cambridge University Press.

Assessment

100% on written up practical data
analysis assignment that covers all the
main parts of the course. To be
handed in by Friday 26 March 2004.

(c) 2004 D.B.Stephenson@reading.ac.uk 8




Course outline

1. Introduction

2. Descriptive sample statistics
3. Basic probability concepts

4. Probability distributions

5. Parameter estimation

6. Statistical hypothesis testing
7. Basic linear regression

8. More advanced regression

s. Introduction to time series
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1. Introduction

Brief history of statistics and probability

Why “statistics “is more than just “"data
analysis “

Descriptive versus inferential statistics

Statistical software
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| Definition of statistics
|

Statistics - first applied to the
political science concerned with the
facts of a state or a community
XVIII; all derived immediately from
German statistisch adj., statistik
sb.. whence statistician XIX.
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History of Statistics and Probability
T e

| 1500-1599 |3 W Petty

1600_ 1699 J. 6raunt

E. Halley

1700-1799

1800_ 1899 C.F. Gauss

F. Galton

1 900_ 1 999 K. Pearson

Student aka W. Gosset
R. Fisher + many others

(c) 2004 D.B.Stephenson@reading.ac.uk




| 4 generall Bill for chis prefent year,
i endingcthe 19 of December 156«. according to
l the Repore made ro the KINGS moft Excelicnt Majsity.

Ey the Company of Parifh Clevks of Losdars, Scc.

e -
ta S Clemene Eaftcheay.
130]5 Dronia Back-chuish
LR
5 426
I 5
! =74
i EE
i 11z
33
133 <,
[ = 1 37
183 FE&
| LE S et 127 2,
=52 lagz % Olaves
<52 |467] 3 S
3% 133 fis 28
43 (2o S fraw st
73 3T Fia
7 3= Y
57 |#x 152
4 V72 -
wetoom 1 % . |x ¥ o
3¢ Bovolph BilliogfgatslS3 5o |3 Magnes Parifli-— |12 H
Cheinis h————|G33 5575 Maigarees Lochbury-| 1 4 H
S Cheiftophere oo il - &

Deriaciln S o [ mriphees wordchin 3s wenas

15207 stumef e Piaka— 2B57

St Andcce Holboros [3258 FT 05
S* Bastholmcw Grea ki EX - u
% 5 n[" i3 Southwask To: 1
5 Bodger LE.Egzy Oa- Southwark 379327 By

Bumrbedlnsnn 88 Tmrifiees aAhous s iy maiBe i
SF Gilesimthe Feclda| 145 7" LR T ——— - [ r—
Meckney an 32 2 TErmbeh Paribh——— 723 (537 S My Dewingron- | ©
5 Jumes Clakemwrel 1 $G 3 TT 53 Ewcousid Sherdicch 2069 1049 S B g om—

Buriedin the sa ous Perifes, b et S carry 4 ey, of e

5" Clemsznt Dance— 219598 3 T A4S Macy Sa, —_— O =28 S T as o T —
LTS S e T T NN ST 30| [T Teres o el cbe Chrgfamingi—— " oo
S* BEortins ko the Ficlds g Sog 3 582| me the T el 3§ L The Towal of ail s5e Baurials s Ls yoor— 973

Eried i ite § Pl ieshe Ciry and Liseviicrof Weleunfle— 23973 ¥ hereofs of she Pie
Tike D feafes amd Cafisslsics ihis posr . .
Bortive sand Stilborme—— 61 Exocuted ———— - 22, Palfe - .
Aged ———— 1545 |Flox and Small P —_—— Sss5'Plaguceu__ ==
‘Ague and Feaver 53 57| Found dead in flrcces, ficlds,Scen o o Pl S859s

fppoplex and Suddenly ——— 11 8 French Pox —————————— 8¢6[Plurtiic — ——— &

ered F

Bedrid x o Frighved - 5 Poylos
Blaftcd 3| G and Sciatica 27, yirnli =
Blccding : 28| Grief & HRuckers - "—z;
Bl Flux.Scowring 8 Flux 185 Griping in the Guis — 1 258 Rifing of P ——

Bt and Scalded — -2 — &jHangd 5S¢ madc away themfelves 7 Rupesre. e Lz 397
Calentu R 3|Headmoualdilor 8¢ Moulkdfallvn 14} Scurvy - £
Cancer, Gapgrene and Fiftula s 5| Jaundics L 1o5

B —

rxopbhingics 2nd Swinc pox— - - &

e, Cangres 111 EmpOftume ———— 227 Sorcs, Llicers, broken Tuifod

Ly e T oy feverall accidents—— 46| _Limbs — 2 222k aad bruifed
2l spt

]

Ch:iil;ol::;cs and Infancs. 125 B Kungs Ewvill iSp —_— e xa
CTol CTough 8 Leprofi 2| Spoticd Feaver and Prar,

Collick and Winde—— 1343 Lethargy — . 4]|Scoppin:: ot the ﬂo.,.,.;'i‘:%‘i
Confumprion and Tiffick —4 898 Livergrown —-—-——_  390|Stonc and Scrangury. ia
Convalfion mad Mo 303 e! Mepromns and Hoadacl 1 2|Surfec =
Diftracked —————— -5 Ivicafles 7| Tewth acd WAL ———
Drropiic and Timpany———— 147 #Murthcied and Shor-—— 53 Vomiting orm= _’6“}
Drowned ——— e lopd Mo < 1 srnr = SE

What exactly is statistics ?

Exploration and description of sample data

Statistical inference and hypothesis testing

Stochastic modelling of uncertainty

Design of experiments and surveys
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| Basic concepts

= Descriptive statistics -

exploration and summary
of a sample of data

Inferential statistics -
use of sample data to
infer properties of the
whole population
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Statistical software

= Statistical language-based software
e.g. Splus, R, SAS

= Interactive Spreadsheet-like packages e.g.
Minitab, SPSS, Excel

= Data analysis software with stat routines e.g.
MATLAB, PV-Wave, IDL

= Home made subroutines

e.g. numerical recipes, friend's code, etc.
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| What exactly is a "model” ?

model n. [Fr. Modele, It. Modello, from L. modellus]

A miniature representation (small measure) of a thing,

with the several parts in due proportion.

Note 1: A model is only a “representation” of reality:
Example 1: Captain Cook's map of Tierra del Fuego.
Example 2: Pablo Picasso's paintings of women's noses

Note 2: Good modellers know the strong AND weak points of their models

Note 3: "Modelling” (English) and “Modeling” (American)
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2. Descriptive sample statistics

1. Data tabulation
2. Summary plots
3. Measures of location, scale, and shape
4. Rank statistics and empirical quantiles

5. Transformation of data values
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2.1 Data tabulation

Object Age (years) Height (cm) Weight (kgs)
1 30.9 180 76
2 26.9 164 64
3 33.2 176 87
4 28.5 172 75
5 32.3 176 75
6 37.0 180 86
7 38.3 171 65
8 315 172 76
9 32.8 161 75
10 37.7 175 85
11 29.1 190 83
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rdgmorph.txt
Meteorologist data

Rows=objects

Columns=variables
Sample size=n=11
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2.2a Dotplot (=1-d scatter plot)

Dotplot of heights
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Note the “tied” values that occur in this small sample




2.2¢C

Boxplot

Boxplot for heights
180 - < Max
s < Upper quartile
g € Medign
"0 < Lower quartile
< Min
160 —
(c) 2004 D.B.Stephenson@reading.ac.uk 21

Histogram
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Histogram of Height, with Normal Curve

Fraquency

Bin width=5cm
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2.2d Descriptive summary

Descriptive Statistics
Variable: Height

Anderson-Darling Mormality Test

A-Bguared: 0291
P-Value 0.541
Mean 174273
Sthev 7.088
Variance B2.2182
Skewness 0.198168
I I | I I I I Kurtasis 0838718
160 185 170 175 180 185 180 M
! ! ! ! ! ! ! Minimum 161.000
+ 15t Quartile 171.000
Median 175.000
3rd Guartile 180.000
95% Confidence Interval for Mu Maximum 190.000
_ 95% Confidence Interval far Mu
X X : 168.974 179.6872
170 175 180 45% Caonfidence Interval for Sigma
! ! ! 5511 13.843
I 85% Gonfidence Interval oredian
95% Confidence Interval for Median 170475 180000
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2.3 Summary measures
= Centre/Location
= Mean (m or x)
= Median (x )
= Scale/Spread
= Standard deviation (s)
= Interquartile range (IQR)
= Shape
=« Skewness (e.g. bl)
= Kurtosis (e.g. b2)
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| 2.3 The sample mean

f: =2

n
X +X, +...+ X, lzx.
n nig

Standard measure of the central location of the data.
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| 2.3 The standard deviation

s=4(x-%)F =43’ - (@)’

Std. Deviation=root mean squared deviation
Standard measure of the spread/scale of the data.
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2.3 Higher moments about mean

m, =\/(x—)?)r

Give information about the shape of the distribution
e.g. all odd moments are zero for a symmetric distribution
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2.3 Skewness and kurtosis

Skewness =b, =m, /s’

Kurtosis =b, =m, / 5"

For normal (Gaussian) distribution:
Skewness=0 (symmetric) Kurtosis=3

Kurtosis > 3 “leptokurtic” (fat tails and sharp peak)
Kurtosis < 3 “platykurtic” (thin tails and flatter peak)
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| 2.3 Shapes of distributions

Positively skewed

1>0
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| 2.4 Empirical distribution
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b) Values sorted into ascending order
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2.4 Ranks

Object Height (cm) Rank r rdg morphtxt

1 180 9= > UPPER QUARTILE Meteorologist data
2 164 2

3 176 7= Rows=objects

4 172 4= Columns=variables
5 176 7= Sample size=n=11
6 180 9=

7 171 3 > LOWER QUARTILE

8 172 4=

9 161 1 5> MIN

10 175 6 > MEDIAN

11 190 11 > MAX
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Resistant and Robust statistics

= Resistant statistic - not overly
sensitive to small or large outlier data

e.g. IQR compared to max-min range.

= Robust statistic - not dependent on
the details of the probability distribution
e.g. rank-statistics (median etc.)
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2.5 Transformation of data

= "Center” - remove sample mean
= "Standardize” - remove sample mean and scale

= "Normalize” - nonlinear transformation
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