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Correlation

Quantitative variables, linear relationship.

Correlation does not imply causation.

Correlation value vary from -1 to +1
-1 indicates perfect negative correlation, and +1 indicates
perfect positive correlation. 0 means no correlation.

Correlation Significance
depends on the correlation value and number of observations
(test using t-test against 0).
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Excel - Correlation

LOG - X & Jr  =CORREL(A2:A22,02:022)| 50
A B C D E F
1 |Dose JRep Tested _Killed ! Correlation 50 *
2[ 0 1 51 0 | 0.8?3391 . . .
3 0 2 49 2 .
4 0 3 49 2 0 . .
5 0.0024 1 52 2
6 0.0024 2 50 1
7 0.0024 3 50 2 -
8 0.004 1 51 8 if 30
9 0.004 2 51 7
10 0.004 3 52 7
11 0.008 1 s0| 14 20
12 0.008 2 50 45
13 0.008 3 49 40 .
14 0.017 1 50 a8 10
15 0.017 2 52 a8 $
16 0.017 3 53 48
17 0.021 1 50 48 0o 8
18 0.021 2 49 a2 0 0005 001 0015 002 0025 003 0035
19 0.021 3 50 46 Dose
20 0.03 1 51 50
2 oo 2 s s Treatment: Phosphine, PH3 (mg/I)
22 0.03 3 52| 50/

Subject: Storage Pests (R. dominica)
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Excel — Analysis ToolPak
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Excel — Analysis ToolPak (continue)

g—
DATA | REVIEW  VIEW  DEVELOPER El-Shamaa, Khaled (ICARDA) -
Al Y Clear E’E EZ7 Flash Fill B0 Consolidate ©E Group ~ &5 Data Analysis
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z art ilter ext to
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Excel (Analysis ToolPak) - Correlation

A E C D E F G H I ] K L

1 Dose  Rep  Tested Killed | Correlation
2 1 51 ui 0.87889
3 2 a9 2:
4 3 49 2] Dose Rep Tested  Killed
5 1 52 2 Dose 1
|
6 2 50 1: Rep 0 1
7 3 20 2: Tested 0.151153 0 1
8 1 51 8: Killed 0.87889 0.068289 0.087565 1
9 2 51 7
1 - i i
10 3 22 ?I 1 Correlation m
11 1 20 14
: 1| Input
12 2 a0 a5
! 1| Input Range: S451:5D522| P m
I i .
14 1 50 Lk Grouped By: @ Columns
1 1 =
15 2 s2 asl B
16 3 53 4E= ] Labels in first row
| |
17 1 50 43 || output options
| —_—
18 2 43 42: ] @ Output Range: SF34 .5
19 3 30 45: ] () Mew Worksheet Ply:
1 -
20 1 51 30| 1| © NewWorkbook
21 2 43!
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GenStat - Correlation

Stats | Tools Window Help

Summary Statistics [ Summary Statistics...
Statistical Tests [ Summary of Circular Data... a
Distributions » Diversity...
i i ,
Regression Analysis Tally..
i [
Design Frequency Tables...
i . ,
Analysis of Variance P
Mixed Models (REML) k
Multivariate Analysis [ Lrieslie
Six Sigma [
. [T Spreadsheet [Book:1]* ===
Survey Analysis »
. _ Row| Dose Rep | Tested | Killed +
Time Series [
_ _ 1 o] 1 51 0 -
Spatial Analysis [ b
_ _ 2 o 2 49 2
Survival Analysis [
2 0 3 49 2
Repeated Measurements [
. 4| 0.0024 1 52 2
Meta Analysis [
. 5| 0.0024 2 50 1
Microarrays [
. G| 0.0024 3 50 2
Genetic Models »
_ o 7| 0.o04 1 51 8
QTLs (Linkage/Association) k
o 8| o0.o04 2 51 7
Data Mining [
9 0.0D4 3 52 7
sample Size g 10| o0.o08 1 50 14
Bootstrap... 11| o0.o08 2 50 45
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GenStat — Correlation (continue)

-

Output

(=@ =]

25 FCORRELATICH [PRINT=correlations,test;

Dose,Killed, Bep, Tested

Correlations

Dose 1 -
Killed 2 0.8789
Rep 3 0.0000
Tested 4 0.1512
1

Mumber of observations: 21

Two-sided test of correlations different from zero <

Dose 1 -
Killed 2 =0.001
Rep 3 1.0000
Tested 4 0.5131
1

METHCOD=twosided]

4. Correlations EI [=]
Avvailable D ata: Data:
] |:| SE Doze ~
Killed Kiled
Rep Fep
Tested Tested
00683 -
0.0876 0.0000 -
2 3 4 T
Wheights: |
Digplay
Correlations [] Partial Corelations
Test comelations against 0 Graphics
() One-sided [y < 0) [T Comelation plat
(2 One-gided [y > 0] [7] Partial comelation plat
- @ Two-zided
07687 -
0.7059 1.0000 | Fun N’ | Defauls |
2 3

| Cancel | | Save. |
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Correlation Abuse!

1 08 D ° - y -1
1 . ' j -1 -1
//’ // e T P \\ \\
0
£ 5

Correlation does not provide any information about the slope of the linear dependency

#ICARDA

nce for Better Livelihoods in Dry Areas

K



Regression Analysis

* The goal of regression analysis is to use the data on
some objects to predict values for another object.

e If X predicts Y it does not mean that X causes Y.

* Accurate prediction depends heavily on measuring
the right variables.
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R — Squared (R?)

* R-squared is a statistical measure of how close the
data are to the fitted regression line.

* Itis the percentage of the response variable variation
that is explained by a linear model.

A A
* Yes! Itis squared of .
Correlation R value.

<
%
\-...h

2 SSresiduals ‘
R =1 — ) )
SStotal > >
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Linear Regression Analysis

ObservedValue & @ljonttual &
of Y for X, _V_V
ei_Ii_Ii SlOp€:b1
Random Error for
this X, value )
Predicted Value x
SN Bt X, Y:estimated

Intercept= by
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Importance of Graphics!

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
X3 X4

All four sets are identical when examined using simple summary statistics (i.e. mean,
variance, correlation, and regression), but vary considerably when graphed
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Linear Regression

* When the regression model contains one dependent
variable and one independent variable, we call the
approach simple linear regression.

Nonlinear Data Transformed Nonlinear Data
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Nonlinear Regression

 When there’s one predictor variable but powers of
the variable are included (e.g. X?, X3, etc.), we call it
polynomial regression (e.g. quadratic or cubic
regression).

Nonlinear Data with Exponential Trend Nenlinear Data
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Multiple Regression (Linear & Nonlinear)

 When there’s more than one predictor variable (e.g.
X1, X5, X5, etc.), we call it multiple linear regression.

E Science for Better Livelihoods in Dry Areas



Models Uncertainty

Essentially, all models are
wrong, but some are useful

HuffPost Model

George E. P. Box
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Our model of the polls suggests Clinton was very likely leading. (In >99% of simulations, Clinton led Trump.)
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Excel — Scatter Plot & Add Trendline

H = IPM Examples.xlsx - Excel

HOME  INSERT PAGE LAYOUT FORMULAS DATA REVIEW  VIEW DEVELOPER l

= A - 70

PivotTable Recommended Table  Pictures Online Recommended

PivotTables Pictures &+ 7 Charts

Tables Illustrations

. 60 |
Chart 1 - I
A B C D E F N ’

1 |Dose _Rep Tested |Killed Qv l?' - - -
3 0 1 51 0 50 | Series "Killed" -
s 5 5 15 . E 3 Fill  Outline
4 0 3 49 2 E 3__.
5 0.0024 1 52 2 e
6 | o0.0024 2 50 1 40 3 Delete
7 | 0.0024 3 50 2 - e - B
8 0.004 1 51 g &0 o :2| Reset to Match Style
9 0.004 2 51 7 w = - Seriee Chart T
10 0.004 3 59 7 a0 [} | ange Seres Chart Type...
11} 0003 1 50 = 40 Select Data...
12 0.008 2 50 45 -
13 0.008 3 a9 40 30 .
14 0.017 1 50 43
15 0.017 2 52 a8 20 ey Add Data Labels 3
16 0.017 3 53 a3 .
I . 0 N 10 % Add Trendline..,
8 o021 2 49 42 08 o 0¥ Format Data Series...
19 0.021 3 50 a5 0 10
20 0.03 1 51 50
21 0.03 2 50 43
22 0.03) 3 52 50
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Excel — Linear Regression

70 4 TREMDLINE OPTIONS

y=1818x +5.1711

o
R=0.7724 #77 @ Linear
Logarithmic
50 *
L] [ ] _,.'- L ] | Pol il 3
. . Polynomia
o
40 -
E ] Mowving 2
= [ series "Killed" Trendline 1 } Average
30 Trendline Name
* Automatic Linear (Killed)
20 Custom
' Forecast
¢ Forward 0.0 periods
10
) ) Backward 0.0 periods
o Set Intercept 0.0
[ ]
0e s +| Display Equation on chart
o 0.005 0.01 0.015 0.0z 0.025 0.03 0.035

| Display R-squared value on chart
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Excel -

Linear Regression, No Intercept

70

4 TRENDLINE OPTIONS

® Linear

led" Trendllnel l L -
ogarnthmic

Polynomial

Eeries 4
50

Killed

30

A Moving

2
Average

endline Mame
20

Linear (Killed)

Forecast
10

Eorward 0.0 periods

Bacloward 00
..
(I :
o

periods

| SetIntercept
0.005

0.0
+| Display Equation on chart
0,015 0.0z 0.025 0.03 0.035

001

+| Display R-squared value on chart
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Excel - Nonlinear Regression, Polynomial

&0 4 TRENDLINE OPTIONS
y =-89179%* + 4396.9x - 3.3275
R?=0.8925
50 . .
e e "9 Linear
. .
. thrmic
40 - = |
[ J. ® Polynomial Order |2 2 ]
L\\:[ Series "Killed” Trendline 1 ] =

30
- Moving 3
u Poverage
=

20 Trendline Mame

* Automatic Paly. (Killed)
* Custom
10 Forecast
3 Forward 0.0 periods
. | Backward 0.0 periods
0w
S' 0.005 0.01 0.015 0.02 0.025 0.03 0.035 set Intercept 0.0
+| Display Equation on chart
-10 +| Display R-squared value on chart
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Excel (Analysis ToolPak) - Regression

DATA REVIEW VIEW DEVELOPER [
@‘E A B C D E F G H I J K
iy 1 |Dose Re Tested  Killed
o Ted:tl:l :l p |
3 2 2 Regression
4 3 2 Input
5 1 2 Input ¥ Range: SD51:30522 ERz m
G ; ; 5 Input X Range: SA51:54522 Pz
Hel
8 1 8 [] constant is Zero
g 2 7 [] Confidence Level: 95 %
10 3 7 )
11 1 14 QOutput options
12 2 a5 @ Output Range: 3F31 3
13 3 a0 (71 Mew Worksheet Ply:
14 1 a8 () New Workbook
15 2 48 Residuals
T— 3 a8 [] Residuals [] Residual Plots
[7] standardized Residuals [ Line Fit Plots
17 1 a5
15 2 a2 Mormal Probability
19 3 6 [] Normal Probability Plots
20 1 50
21 2 a5
22 3 50
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Excel (Analysis ToolPak) — Regression (continue)

22

F G H I J K L
SUMMARY OUTPUT |
Regression Statistics
Multiple R 0.87889039
R Square 0.77244831
Adjusted R Square  0.76047191
Standard Error 10.7075596
Observations 21
ANOVA
df Ss MS F Significance F

Regression 1 7394.75805 7394.75805 64.4975133 1.58222E-07
Residual 19 2178.384807 114.651832
Total 20 9573.142857

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 5.17107232  3.544048002 1.45908642 0.16087667 -2.24670539 12.58885
Dose 1817.99143 226.370769 8.03103438 1.5822E-07 1344.191964 2291.79089
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GenStat — Simple Linear Regression

4. Genstat

File Edit View Run Data Spread Graphics[Stats]Tools Window Help

ASHI| 4@ oA

Summary Statistics
Statistical Tests

Y

& || @

| = | | | |
7 - Distributions
ﬁ Spreadsheet [Book1]® |i”£”£| Regression Analysis Linear Models... . Linear Regression
Row| Dose |Rep|Testea|Killed + Design Generalized Lineat Models... Available Data: Regression:
1 ﬂ 1 51 a = Analysis of Variance Logistic Regression... Simple Linear Regression
2 0 2| 43 2 Mixed Models (REML) Log-linear Models... Terted Fiesponse Variste ()
3 o 3 49 2 Multivariate Analysis Probit Analysis... E xplanatary Variate [<]:
4/ 0.0024| 1 52 2 Six Sigma Multinomial Regression...
5| 0.0024| 2 50 1 Survey Analysis Ordinal Regression...
6| 0.0024| 3 50 2 Tirmne Series All-subsets Regression
7| 0.004] 1 51 8 Spatial Analysis Screening Tests
8| 0D.004| 2 51 7 Survival Analysis Split-line Regression...
9| 0.004| 3 52 T Repeated Measurements Parallel Regression... [ Rur l ’ Options... ]
10 0.008 1 50 14 Meta Analysis
= S oosl 2 e . Micmarra:s Stancliard Curves.., [ Cancel ] [ Defaults ]
MNonlinear Models...
12 0.008 3 49 40 Genetic Models
13| o0.017| 1| 50| 48 QTLs (Linkage/Association) S Bl R
14] o.017 2 52 48 Data Mining Regression Trees...
15 0.017 3 53 48
i o021l 1 sol 28 Sample Size Quantile Regression...
= 0.021] 2 29| a2 Bootstrap... MNonlinear Quantile Regression...
18| 0.021| 3 50| 46 Linear Functional Relationship...
19 0.03 1 51 50
20 0.03 2 50 48
21 0.03 3 52 50 :
_?lE P I
L JCARDA
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GenStat — Simple Linear Regression (continue)

25 "Simple Linear Regression™ ’ 70
26 MODEL Killed

27 TEEMS Dose

28 FIT [PRINT=model, summary,estimates; CONSTANI=estimate; &0

Regression analysis

Response variate:  Killed
Fitted terms: Constant, Dose

Summary of analysis

Source df. 5.5. m.s.
Regression 1 7395, 73948
Residual 19 2178. 1147

Total 20 9573. 478.7

Percentage variance accounted for 76.0
Standard error of observations is estimated to be 10.7.

Message: the following units have large standardized resgy
Unit Response Residual
" 450 243

0.03

Message: the residuals do not appear to be random; for example, fitted values in
larger than observed values and fitted values in the range 19.7 to 43.3 are

ge 5.2 to 19.7 are consistently
ently smaller than observed values.

Message: the following units have high leverage.

Unit Response Leverage
19 50.0 0.196
20 48.0 0.196
21 50.0 0.196

Estimates of parameters

Parameter estimate 5.8 t(19) tpr.
Constant 517 354 146 0161
Dose 1818. 226. 8.03 <001
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GenStat — Regression, Standard Curves

IStaIs Tools Window Help

Summary Statistics r e | ﬂ |

Statistical Tests 3 ’ug 1-08 | E! H E E * | ﬁ ﬁ @

Distributions r

Regression Analysis » Linear Models...

Design » Generalized Linear Models... ‘ Type of Curve:

Analysis of Variance ' Logistic Regression... lLogistic [z-ghaped or inverse s-shaped curvee]
Mixed Models (REML) ¥ Log-linear Models...

: - Response Variate: Killed
4 Probit Analysis...

Multivariate Analysis

Six Sigma 3 Multinemial Regression... Erplanatory Variate:

Survey Analysis » Ordinal Regression... Group: | | | Separate lines
Time Series b All-subsets Regression 4 Erample of Curve:
Spatial Analysis 3 Screening Tests 3

Survival Analysis b Split-line Regression... /_
Repeated Measurements b Parallel Regression... l Run I [ Options... ] | Save.. |

M#Analysm ’ Standard Curves... [ Cancel ] [ Detaults ] | Further Output... |

Microarrays ’ Monlinear Models...

Genetic Models b

QTLs (Linkage/Association) v L 2 '

Data Mining 4 Regression Trees...

Sample Size 4 Quantile Regression...

Bootstrap... Monlinear Quantile Regression...

Linear Functional Relationship...

#ICARDA
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GenStat — Logistic Regression (S-Shaped Curve)

40 "Logistic (s—-shaped or inverse s-—shaped curve)™

41 MCDEL Eilled

42 TEEMS Dose

43 FITCURVE [PRINT=model, summary,estimates; CURVE=logistic; CONSTLNT=estimate; FPROB=yes]\
44 Do=e

Nonlinear regression analysis

Fitted and observed relationship

Response variate:  Killed
Explanatory: Dose
Fitted Curve: A + C/[1 + EXP(-B™(X - M)))

50

404

Summary of analysis

Source df. 5.5. m.s. VI F pr. 40
Regression 3 8963.5 2967 .85 8332 =00 -
Residual 17 G096 3586 .
Total 20 95731 473 .66 =

204

. ) |
l Percentaﬂe variance accounted for 92.5 ju—
andard error of observations 15 estimated to be 5.99.

Message: the following units have large standardized residuals.

Unit Response Residual
10 14.00 -3.90
ik 4500 244 0
0.600 D.IZ;GS 0‘{;10 0.!;15 0,(;20 0,0'25 0,(;30
Dose

Estimates of parameters

Parameter estimate 5.e.
B 660. 235,
M 0006758 0.000668
C 47.36 444
A 0.20 3.80
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Thank You

Questions?

Japanese attitude for work:
If one can do it, | can do it. If no one can do it, | must do it.

Middle Eastern attitude for work:

Wallahi... if one can do it, let him do it.
If no one can do it, ya-habibi how can | do it?
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Statistical Details (Skip if you’d like)

28

X1, X9, ey Xy, ~N(u,o?)
XX
x p—
n
N2
X; — X
Var(x) = 2( ln )

SD(x) =0 = /Var(x)

xi—f

Zi — SD(X) ~ N(O, 1)
_ _E-m .
" 5D/ -1
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Statistical Details (Skip if you’d like)

1
Cov(x,y) = — 12(%’ — X)W —y)
Cor(x,y) = Cogv(: )

X =y

SD
b, = Cor(x,y) SDgg




