Didacticiel - Etudes de cas R.R.

1 Subject

Computing semi-partial correlation with Tanagra.

The semi-partial correlation measures the additional information of an independent variable (X),
compared with one or several control variables (Z1,..., Zp), that we can used for the explanation of
a dependent variable (Y).

We can compute the semi-partial correlation in various ways.

The square of the semi-partial correlation can be obtained with the difference between the square
of the multiple correlation coefficient of regression Y / X, Z1...,Zp (including X) and the same
quantity for the regression Y/ Z,...,Zp (without X).

We can also obtain the semi-partial correlation by computing the residuals of the regression
X/Z1,...,Zp; then, we compute the correlation between Y and these residuals. In other words, we
seek to quantify the relationship between X and Y, by removing the effect of Z on the latter. The
semi-partial correlation is an asymmetrical measure.

In this tutorial, we show the different ways of producing the semi-partial correlation. We compare
the results with the dedicated tool of TANAGRA (SEMI-PARTIAL CORRELATION).

2 Dataset

We want to explain the consumption of vehicles (Y: CONSUMPTION) from horsepower (X:
HORSEPOWER), by controlling the engine size (Z1: ENGINE.SIZE) and weight (Z2: WEIGHT) effect.
The aim is to determine the additional information of HORESPOWER compared to the control
variables.

3 Computing the semi-partial correlations

3.1 Dataset importation

The simplest way in order to create a diagram is to load the dataset in the EXCEL spreadsheet
(http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/cars_semi_partial_correlation.xls). We select the
data range and we click on the menu TANAGRA/EXECUTE TANAGRA!. After checking the range
selection, we click on OK. Tanagra is automatically launched and the dataset transferred.

! The EXCEL add-in TANAGRA.XLA is available since the version 1.4.11. See the tutorial on the web site for the
installation and the utilization of this add-in in your spreadsheet.
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Microsoft Excel - cars_ss
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We have 28 observations and 4 variables.
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3.2 Simple linear regression and correlation

3.2.1 Regression and R-square

In a first step, we try to evaluate the direct association between HORSEPOWER and CONSUMPTION
using a simple linear regression?.

2 http://en.wikipedia.org/wiki/Linear_regression
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We insert the DEFINE STATUS component into the diagram; we use the shortcut into the toolbar.
We set COSUMPTION as TARGET, HORSEPOWER as INPUT.
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E Filz Diagram Component Window Help

Attributes

Target strative

C engine size
C weight

€ horsepower
e
>

consumption
Analysiz
=] Dataset \QAnGIEE, txt)

#% Define status 1

8] 8| e
[ ox [ cance [ Hew |

Parameters

Attributes

Targst | Iﬂuuté———
i

C engine.size horsepower

|«

C consumption

Data visualization Statist] A
Feature construction Feature sg
PLS Cluste
Spv learning assessment Scor
@Cnrralatinn scatterplot Eﬁcatterpt 8 | B, ‘ E
Expurt dataset Iﬁ'ScatterpL
[ ok [ cancet [ Hem ]

We insert next the MULTIPLE LINEAR REGRESSION (REGRESSION tab). We click on the VIEW menu
in order to obtain the results.

i TANAGRA 1.4.25 - [Multiple linear regression 1]

I File Diagram Component ‘Window Help -8 x
EH %
Analysis Global ( A
= Dataset (tan6?B8.txt) obal results
= *:i Define status 1 Endogenous attribute consumption
i Exzamples i}
Parameters...
Rz 0.7858204
Executs Adjusted-R2 0.780058
Sigma errar 1047165
F-Test (1,26 96,7596 (0.000000)
Analysis of variance
Source x58 d.F. xM$ F p-value L
Regression 06,1021 1 106. 1021 96,7656 0.0000
Residual 28,5104 26 1.0986
Total 134.6125 7
Coefficients
Attribute Coef. std {26} p-ralue
Intercept 4.299067 0,524306 EREEC]
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Components
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We highlight two main results: (A) the R-square = 0.7882 i.e. 78.82% of the variance of
CONSUMPTION is explained by the regression, it is rather a good result; (B) the HORSEPOWER is
highly significant, the t statistic is 9.8366 with a p-value < 0.0001.

In despite of this encouraging result, we note that there are other variables in our dataset. Perhaps,
they are useful for the explanation of the CONSUMPTION. We analyze deeply this way later (section
3.2.2).

3.2.2 Correlation

Another way to analyze the association between CONSUMPTION and HORSEPOWER is to calculate
the Pearson's correlation coefficient. The square of the correlation coefficient can be also
interpreted as the proportion of variance explained. We insert the LINEAR CORRELATION
(STATISTICS tab) component into the diagram.

i TAMAGRA 1.4.25 - [Linear correlation 1] (=[]
ﬁ File Diagram Component Window Help - | B x
H =
bt ~ tnearcomelatont
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[Eig Lincar correlation 1
Parameters... Input st Target () and input (%)
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consumption horsepamer 0.8873 0.7882 Q8366 0.0000
Computation time : 0 ms,
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¢ s
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< | 2

The correlation is positive r = 0.8878, confirming the sign of regression coefficient. Its square is
equal to the coefficient of determination of the simple regression r2 = 0.7882. The correlation is
significant, we find again the t test value of the coefficient of the regression (t = 9.8366). Testing
the significance of the coefficient of the predictor in the simple linear regression and testing the
significance of the correlation coefficient are equivalent.

3.3 Comparison of regressions

This first analysis is not very satisfactory. Indeed, we know that power is heavily dependent on the
engine size, the association between horsepower and weight of cars is often high. We must
therefore ask ourselves the following question: What is the additional information provided by the
horsepower, compared to the engine size and weight, which would be useful to explain
consumption? The semi-partial correlation helps us to answer this question.
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3.3.1 RegressionY /Z1, Z2

We want to compute the regression Y/Z1,Z2. We insert the DEFINE STATUS component into the
diagram. We set CONSUMPTION as TARGET, ENGINE.SIZE (Z1) and WEIGHT (Z2) as INPUT.

EF“E Diagram Component  wWindow Help

/

= & Dataset [tane3BE.txt)
= ¥ Define status 1
E, Multiple linear regression 1
L# Linear correlation 1
#% Define status 2

Analyzis

AMAGRA 1.4.25 - [Linear, correlation 1]

-
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We add the MULTIPLE LINEAR REGR

ESSION component.

ANAGRA 1.4.25 - [Multiple linear regression 2]

E File Diagram Component  ‘Window  Help -
(=
Analysiz -~
= Datazet [tandPBE. txt) Global results
= %% Define status 1
]‘1_;(‘ Multiple linear regressian 1 Endogenous attribute consumption
#* Linear correlation 1 Examples 28
= %% Define status 2 RZ 0.892208 (A)
i Adjusted-R2 0.883685
Parametel Sigma errar 0.761843
Execute F-Test (Z,25) 103, 4643 (0.000000)
Analysis of variance
Source x5S d.F. xMS F p-value
Regression 120.1024 2 60,0612 103, 4643 0.0000
Rezidual 14,5101 25 0.5804
Total 134.6125 27
Coefficients
Attribute Coef. std t{25) p-value
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3] |21 = | 3
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The R-square is high: 89.22% of the variance is explained by the regression (A). All the Z1 and Z2
variables are significant (p-value < 0.01) (B). This regression seems more powerful than the
regression using HORSEPOWER only above (R-square = 0.7882; but the comparison is not really
relevant, we have not the same degrees of freedom).

3.3.2 RegressionY /X, Z1, Z2

We want to add now the X (HORESPOWER) in the preceding regression. We want to compare the R-
square, is it significantly improved in this new regression? We insert again the DEFINE STATUS
component into the diagram, we set CONSUMPTION as TARGET, the 3 other variables as INPUT.

Define attribute statuses
{1 TANAGRA 1.4.25 - [Multiple linear regressi
E File Diagram Component Window Help

Attributes
H @ Target llustrative

Parameters
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/ Analyziz [ C weight
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¥ . o . : -
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o+ ) o
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% Define’status 2 sd | | Parameters
F- T Attributes Target W& N
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<_ 'Z b 19 horsenowe horsepower
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f Backward Eimination Reg ;i Forward Entry Regress 8| 8 % [ Clear selection |
[ﬁ, DfBetas EMultiple linear regress
[ [4]8 “ Cancel “ Help I

We perform a new regression analysis.
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TANAGRA 1.4.25 - [Multiple linear regression 3] 99(=1(E3]
ﬁFile Diagram Component  Wwindow  Help - |6 X

EH =
Analysis ~

= [ Dataset (tan69B8 txt) Global results

= %% Define status 1
].:_i Miultiple linear regression 1 Bempls 28
1# Linear correlation 1
N . Rz 0.899113
= £ Define status 2
) o , adjusted-R2 0.886502
].:_{ Multiple linear regression 2

- ¥ Define status 3
| Mhultiple linear regression 3 F-Test (3,24) 71,2965 (0.000000)

Endogenous attribute consumption

Sigma error 0.752235

Analysis of variance

Source x55 d.f. xM5 F p-value
Regression 121.0318 3 40,3439 71,2965 0.0000
Residual 13,5307 2d 0.5659
Total 134.6125 27
Coefficients
Attribute Coef, std t24) p-value
Intercept 1. 702045 0.632052 Z.692591 0.012712
engine. size 0.0004%4 0.000750 0.633035 0.532695
weight D 0.004229 0.000936 4.513384 _
harsepower 0.018251 0.014240 1.281612 0212223 »
h »> & >
Components
Data wisualization Statistics MNonparametric statistics Instance selection
Feature constructior Feature selection | Regression Factoral analysis
PLS Clustering Spy learning Meta-spy learning
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[, Qutlier Detection
. Regression tree

'!{ Backward Elimination \Re:
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The new R-square is 0.899113 (A). The gap between the R-square of the two regressions is not very
important i.e. d2 = 0.899113 - 0.892208 = 0.006905. The square root of this gap is the semi-
partial correlation i.e. d = 0.0831.

The value does not seem relevant. But we cannot define a test of significance now. We see that
later (section 4).

Strangely, two predictors do not seem relevant in the regression (B). In fact, it is because they are
highly collinear.

3.4 Residuals of the regression X/Z1,...,Zp and correlation

We can calculate the semi-partial correlation in another way. In a first step, we calculate the
residuals of the regression of X/Z1, Z2; we remove from X the information given by the control
variables. Then we calculate the correlation between the residuals and the dependent variable Y.
The obtained coefficient is the semi-partial correlation.

3.4.1 Residuals of X/Z1,Z2

In order to obtain the residuals, we perform the regression X / Z1, Z2. We insert the DEFINE STATUS
component into the diagram. We set HORSEPOWER as TARGET, ENGINE.SIZE and WEIGHT as INPUT.
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finalysiz
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The regression gives the following results.

" TANAGRA 1.4.25 - [Multiple linear regression 4]

E File Diagram Compaonent ‘Window Help — | & *x
E
Analysis ~
Global results =
=] Dataset [tan69B8.txt)
= f:‘ Define status 1 Endogenous attribute horsepower
].:_ﬁ Multiple inear regression 1 Examples iz}
l# Linear carrelation 1 RZ 0.900674 (M
=K Define status 2 adijusted-rz 0.892725
].:_ﬁ Multiple inear regression 2 F— 10,6490
= £ Define status 3 F-Test (2,25) 113,3479 {0,000000)
].:_ﬁ Multiple linear regression 3
=y Define status 4 Analysis of variance
E Multiple linear regression 4
Source x5% d.f. =MS F p-value
Regression 25303,2705 2 126516353 113.347% 0.0000 —
Residual 2790.4438 25 11,6178
Taotal 28093.7143 7
Coefficients
Attribute Coef. std (25} p-value
Intercept -156,685378 §.311473 -1.875524 0.072446
engine size (B) 0.044344 0.006422 s.505154 | ElGG0GGE
weight 0.010929 0.012962 0.843149 0.407140
< 2 {13 | 3
Components
Data wisualization Statistics Monparametrc statistics Instance selection
Feature construction Feature selection ’W Factorial analysis
PLS Clustering Spv learning Meta-spy learning
Spw learning assessment Scoring Aszociation
{Backward Elimination Reg A Fonua staelRearession LtOutHer Detection
LL CfBetas r':‘" Regression tree
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R? = 90.07% of the variance of HORSEPOWER is explained by the regression (A); essentially by the
predictor ENGINE.SIZE if we consider the p-value of the test of significance (B). Definitely,
HORSEPOWER is highly redundant with the control variables.

3.4.2 Correlation between residuals and the dependent variable Y

The component MULTIPLE LINEAR REGRESSION automatically produces two new variables that can
be used in subsequent branches of the diagram: the prediction of the dependent variable and
residuals of regression. We use the latter now.

We insert the DEFINE STATUS component into the diagram, behind the regression. The two new
variables are visible. We place CONSUMPTION as TARGET, residuals ERR_PRED LMREG_4 as INPUT.

Define attribute statuses

i TANAGRA 1.4.25 - [Multiple linear reg kad
E File Diagram Component ‘Window Help Farameters — | |

E TS Target ﬁ lllustrative
Analysiz C enaine.size consumption

c
= B Ptaset (tan69Bs.txt) G Lt

horsepover
E/f% Define status 1 |Cm

C Pred_lmreg_4
C Er_Pred_lrmreg_4

Lrj fhultiple linear regression 1
# Linear correlation 1
=¥ Define status 2

];j Multiple linear regression 2
=¥ Define status 3

Define attribute statuses

| iultiple linear regressign 3 Parameters
=- ¥4 Define status 4 B
= ].e_{ Multiple linear regression 4 — Atributes : Target ‘ Input @
“% Define status § C engine.size Err_Pred_|mreg_4
C weight
C horsepower
Re=ir c consurmption
15 L2l C Pred Imreg 4
€ A NE— -
Data wisualization Statistiss
I
Feature construction Feature selection
PLS Clustering
Spw learning assessment Scoring
B E @ [ Clear selection ]
f_ Backward Elimination Reg ,:f Forward Entry Reg
L'ﬁDfBetas EMultiple linear regl [ oK ” Cancel ” Help ]

We calculate the correlation between these variables with the LINEAR CORRELATION component.
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¢ TANAGRA 1.4.25 - [Linear correlation 2] M[=1[E3
EFiIe Diagram Component  Window  Help - a8 x
H
Analysiz

=] Dataset (tang9BE. txt)
=-%§ Define status 1

R X X . Cross-tab parameters
£ Multiple inear regression 1

T s Sort results naon

[# Linear correlation 1
= 1_:‘ Define status 2 Input list  Target (v) and input (¥)

[ Multiple inear regression 2
=i Define status 3 S Resus

£ Multiple inear regression 3 Y X r rt t Pri=[t]}
= "‘:i Define status 4 consumption Err_Pred_Imreg_4 0.0831 0.0069 0,252 0.6742

21 Mulkiple insar regression 4 &
= K4 Define status & Computation time ; 0ms,

[f Linear correlation 2 Created at 14/06 /72008 10:13:29

|
b

Components
Data wvizualization Statistics Nonparametric statistics Instance selection
Feature construction Feature selection Regression Factorial analysis
PLS Clustering Sowe learning Meta-spy learning

Spw learning assessment Scoring tzzociation
@Bar‘tlett's test it Fisher's test [l Group exploration * Linear correlatio
"3 Brown - Forsythe's test [ Group characterization @Levene's test Liihare Univariate cont stat
< I >

The coefficient r = 0.0831 is the semi-partial correlation.

The t-test (t = 0.4252) is wrong here. Because, the degrees of freedom is not well computed. The
component does not know that one of the variables is a residual, obtained with a regression. It will
be corrected in the following component, dedicated to semi-partial correlation calculation.

4 Using the SEMI-PARTIAL CORRELATION component

In this part of this tutorial, we present the component dedicated to calculating the semi-partial
correlation. There are two advantages to use this component: (1) its implementation is facilitated;
(2) calculations are explicitly defined, evaluation of degrees of freedom is correct this time.

We insert the DEFINE STATUS component. We set CONSUMPTION as TARGET, HORSEPOWER as
INPUT, ENGINE.SIZE and WEIGTH as ILLUSTRATIVE.
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EFiIe Diagram Component  Window  Help
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#- ¥4 Define status 1
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[ #hultiple linear regression 3
= ¥4 Define status 4
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C weight
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Computation timie : 0 ms,

Define attribute statuses
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Attributes :

C horsepower
C consurption
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# Partial Correlatio
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X
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Help ]

We add now the SEMI-PARTIAL CORRELATION (STATISTICS tab) component into the diagram.
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. TANAGRA 1.4.25 - [Semi-partial Correlation 1]
E File Diagram Component ‘Window Help

=

Analysis

= [ Parasst fansoBii) S paametess
= %% Define status 1

].:_X‘ fiultiple linear regression 1

1# Linear correlation 1

Parameters

Correlation Pearson

= %% Define status 2 Sort results 1]
I #hultiple linear regression 2 Sig. Level 0.0800
=¥ Define status 3
I Mhuttiple inear regression 3 S Ress

= %74 Define status 4
= ].:_{ Multiple linear regression 4

1# Linear correlation 2 1 engine.size

= %4 Define status & 2 weight
[# Semi-partial Correlation 1

Control variables

Semi-partial correlation (part/correlation)

Conf.Interval
H° Att.Y At X r r t p-value Lower.Limit Upper.Limit
1 consumption horsepower 0,05309 0,00690 0, 40549 0,65654 -0,30660 0,44593

v
Components
Data wvisualization | Statistics Monparemetric statistics Instance selection Feature construction
Feature selection Regression Factorial analysi PLS Clustering
Spv learning Meta-spy learning Spw learning assessment Saaring hzzociation
@Bartlett's test ﬂ] Group characterization [fLinear correlation Illh One-way AE S |
5 Brown - Forsythe's test EE Group exploration A are Univariate cont stat ]'_Q,One-way S AR OV 4 Semi-partial Correlatior | >
= Fisher's test @Levene's test A Normality Test 23 Paired T-Test Ly, T-Test
ad] E]

The semi-partial correlation is r = 0.0831. We find again the results above.

But now, the test of significance is correct. The t-statistic is 0.40849, with a degree of freedom
equal to (28 - 2 - 2 = 24). The p-value of the test is 0.68654. Compared to ENGINE.SIZE and
WEIGHT, HORSEPOWER does not give useful information for the explanation of CONSUMPTION.

5 Conclusion

In this tutorial, we show the different ways of producing the semi-partial correlation with Tanagra.
However, only the dedicated component (SEMI-PARTIAL CORRELATION) directly determines the
adequate degrees of freedom for calculating the significance tests and confidence intervals.
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