Regression Analysis

EID data:

A medical researcher was interested in assessing potential links between Emotion Impulse Disorder (EID) and children’s behaviour. In 1995, teachers of all 2nd Grade children in a number of schools in Taipei, ROC, completed a questionnaire for each of their students dealing with behavoiur associated with EID. Additional data were collected after these children had completed the 9th Grade. The file EID.txt contains the data. The variables measured were:
EID
the average of 3 EID-like behaviour scores for each child (the    higher the score, the higher the EID-like behaviour)

IQ
the child’s IQ from a group administered test

GPA
the child’s grade point average in the 9th Grade

Gender
the gender of the child: 

Male or female
Repeat
whether the child had repeated a grade: 

Yes or No

Social
whether the child had social problems in the 9th Grade:


Yes or No

Eng.Level
level of English in the 9th Grade:


CollegePrep, General or Remedial

Eng.Grade
the child’s English grade in the 9th Grade:


A, B, C, D or F

· EID.fit < -lm (EID~IQ+ GPA+ Gender+ Repeat+ Social+ Eng.Level+ Eng.Grade)
> resid.plot (EID.fit)
[image: image1.emf]40 50 60 70

-15

-10

-5

0

5

10

15

20

Resids vs. Fitted ~ Test for Quadratic (p= 0.909 )

Fitted Values

Residuals


> summary(EID.fit)

Call:

lm(formula= EID~ IQ+ GPA+ Gender+ Repeat+ Social+ Eng.Level+ Eng.Grade)
Residuals:
	Min
	1Q
	Median
	3Q
	Max

	-14.8511
	-5.2769
	-0.9214
	4.5267
	20.9545


Coefficients:
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	96.06498
	9.46017
	10.155
	8.47e-16

	IQ
	-0.29974
	0.08121
	-3.691
	0.000418

	GPA
	-6.82011
	1.98790
	-3.431
	0.000976

	GenderMale
	-1.15832
	1.98709
	-0.583
	0.561672

	RepeatYes
	8.20726
	2.56183
	3.204
	0.001984

	SocialYes
	9.41373
	2.79676
	3.366
	0.001199

	Eng.LevelGeneral
	4.87720
	2.45283
	1.988
	0.050369

	Eng.LevelRemedial
	3.39054
	3.55020
	0.955
	0.342592

	Eng.GradeB
	-1.51809
	2.74350
	-0.553
	0.581655

	Eng.GradeC
	-3.67160
	3.71308
	-0.989
	0.325886

	Eng.GradeD
	-4.25310
	5.28854
	-0.804
	0.423783

	Eng.GradeF
	8.20113
	9.62447
	0.852
	0.396829


Signif. codes: 0`***' 0.001`**'0.01`*'0.05`.'0.1` '1
Residual standard error: 7.7 on 76 degrees of freedom

Multiple R-Squared: 0.6644

Adjusted R-squared: 0.6158 

F-statistic: 13.68 on 11 and 76 DF

p-value: 5.444e-14 

· Checking overall P-value for Eng.Grade
> anova (EID.fit)
Analysis of Variance Table
Response: EID

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	IQ
	1
	5356.1
	5356.1
	90.3349
	1.451e-14

	GPA
	1
	1615.0
	1615.0
	27.2391
	1.513e-06

	Gender
	1
	0.2
	0.2
	0.0027
	0.9585149

	Repeat
	1
	732.8
	732.8
	12.3600
	0.0007432

	Social
	1
	737.4
	737.4
	12.4373
	0.0007172

	Eng.Level
	2
	273.7
	136.8
	2.3078
	0.1064134

	Eng.Grade
	4
	203.8
	50.9
	0.8593
	0.4923904

	Residuals
	76
	4506.1
	59.3
	
	


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1
· Dropping out Gender
> EID.fit1< -lm(EID~ IQ+ GPA+ Repeat+ Social+ Eng.Level+ Eng.Grade)
> summary(EID.fit1)
      Call:

lm(formula = EID ~ IQ + GPA + Repeat + Social + Eng.Level + Eng.Grade)
Residuals:
	Min
	1Q
	Median
	3Q
	Max

	-15.0690
	-4.7223
	-0.7397
	4.6232
	20.4678


Coefficients:
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	96.18804
	9.41718
	10.214
	5.65e-16

	IQ
	-0.30751
	0.07977
	-3.855
	0.000238

	GPA
	-6.64424
	1.95643
	-3.396
	0.001084

	RepeatYes
	8.02074
	2.53085
	3.169
	0.002193

	SocialYes
	9.34597
	2.78234
	3.359
	0.001219

	Eng.LevelGeneral
	4.57167
	2.38588
	1.916
	0.059060

	Eng.LevelRemedial
	3.18093
	3.51677
	0.905
	0.368550

	Eng.GradeB
	-1.77829
	2.69531
	-0.660
	0.511369

	Eng.GradeC
	-4.04287
	3.64233
	-1.110
	0.270467

	Eng.GradeD
	-4.40372
	5.25953
	-0.837
	0.405024

	Eng.GradeF
	9.05816
	9.47065
	0.956
	0.341840


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '
Residual standard error: 7.667 on 77 degrees of freedom

Multiple R-Squared: 0.6628

Adjusted R-squared: 0.6191 

F-statistic: 15.14 on 10 and 77 DF

p-value: 1.584e-14
> anova(EID.fit1)

Analysis of Variance Table
Response: EID
	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	IQ
	1
	5356.1
	5356.1
	91.1162
	1.071e-14

	GPA
	1
	1615.0
	1615.0
	27.4746
	1.352e-06

	Repeat
	1
	718.3
	718.3
	12.2195
	0.0007881

	Social
	1
	721.9
	721.9
	12.2804
	0.0007662

	Eng.Level
	2
	224.1
	112.1
	1.9064
	0.1555692

	Eng.Grade
	4
	263.4
	65.9
	1.1204
	0.3531182

	Residuals
	77
	4526.3
	58.8
	
	


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1
· Dropping out Eng.Grade

> EID.fit2 < -lm ( EID~IQ+ GPA+ Repeat+ Social+ Eng.Level )

> summary (EID.fit2)

Call:

lm(formula = EID ~ IQ + GPA + Repeat + Social + Eng.Level)

Residuals:
	Min
	1Q
	Median
	3Q
	Max

	-14.397
	-4.927
	-0.713
	4.789
	20.706


Coefficients:
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	90.31254
	7.59357
	11.893
	< 2e-16

	IQ
	-0.29531
	0.07869
	-3.753
	0.000328

	GPA
	-5.62805
	1.18098
	-4.766
	8.16e-06

	RepeatYes
	7.51047
	2.50768
	2.995
	0.003640

	SocialYes
	9.44230
	2.76142
	3.419
	0.000985

	Eng.LevelGeneral
	4.52656
	2.38414
	1.899
	0.061176

	Eng.LevelRemedial
	2.92628
	3.49353
	0.838
	0.404704


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1 

Residual standard error: 7.69 on 81 degrees of freedom

Multiple R-Squared: 0.6432
Adjusted R-squared: 0.6168 

F-statistic: 24.34 on 6 and 81 DF

p-value: 2.79e-16

> anova(EID.fit2)

Analysis of Variance Table

Response: EID

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	IQ
	1
	5356.1
	5356.1
	90.5777
	7.560e-15

	GPA
	1
	1615.0
	1615.0
	27.3122
	1.319e-06

	Repeat
	1
	718.3
	718.3
	12.1472
	0.0007965

	Social
	1
	721.9
	721.9
	12.2079
	0.0007743

	Eng.Level
	2
	112.1
	112.1
	1.8951
	0.1569087

	Residuals
	81
	59.1
	59.1
	
	


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1
· Dropping out Eng.Level

> EID.fit3 < -lm( EID~ IQ+ GPA+ Repeat+ Social )

> summary (EID.fit3)

Call:

lm(formula = EID ~ IQ + GPA + Repeat + Social)
Residuals:
	Min
	1Q
	Median
	3Q
	Max

	-13.740
	-4.624
	-0.867
	4.944
	22.039


Coefficients:
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	93.75302
	7.20232
	13.017
	< 2e-16

	IQ
	-0.27990
	0.07891
	-3.547
	0.000644

	GPA
	-6.19744
	1.12338
	-5.517
	3.83e-07

	RepeatYes
	7.75322
	2.53117
	3.063
	0.002953

	SocialYes
	9.48260
	2.74310
	3.457
	0.000864


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1 

Residual standard error: 7.772 on 83 degrees of freedom

Multiple R-Squared: 0.6265

Adjusted R-squared: 0.6085 

F-statistic: 34.81 on 4 and 83 DF

p-value: < 2.2e-16

Everything in the model is now significant.

> resid.plot(EID.fit3)
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> cooks.20x(EID.fit3)
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> qqnorm(EID.fit3$residuals)

> abline(0,summary(EID.fit3)$sigma)
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> shapiro.test(EID.fit3$residuals)

      Shapiro-Wilk normality test

data:  EID.fit3$residuals 

W = 0.9747, p-value = 0.08244

> summary(EID.fit3)

Call:

lm(formula = EID ~ IQ + GPA + Repeat + Social)
Residuals:
	Min
	1Q
	Median
	3Q
	Max

	-13.740
	-4.624
	-0.867
	4.944
	22.039


Coefficients:
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	93.75302
	7.20232
	13.017
	< 2e-16

	IQ
	-0.27990
	0.07891
	-3.547
	0.000644

	GPA
	-6.19744
	1.12338
	-5.517
	3.83e-07

	RepeatYes
	7.75322
	2.53117
	3.063
	0.002953

	SocialYes
	9.48260
	2.74310
	3.457
	0.000864


Signif. codes: 0`***'0.001`**'0.01`*'0.05`.'0.1` '1 

Residual standard error: 7.772 on 83 degrees of freedom

Multiple R-Squared: 0.6265

Adjusted R-squared: 0.6085 

F-statistic: 34.81 on 4 and 83 DF

p-value: < 2.2e-16 

> ci.reg(EID.fit3)
	
	95 % C.I.lower
	95 % C.I.upper

	(Intercept)
	79.42791
	108.07814

	IQ
	-0.43686
	-0.12294

	GPA
	-8.43181
	-3.96308

	RepeatYes
	2.71882
	12.78762

	SocialYes
	4.02669
	14.93851


Technical Notes
· Checking Assumptions

The independence assumptions appear to be satisfied from the description of how the data were collected.

The residual plot from a linear model with all the variables included shows random scatter about 0 and no evidence of non-linearity (P-value for a quadratic term = 0.909).

The Anova Table shows that the overall P-value for English Grade is 0.49 The         P-value for Gender is larger (0.56) so Gender was dropped from the model.

After dropping Gender, the Anova Table P-value for English Grade was 0.35, so English Grade was dropped from the model.

After dropping English Grade, the Anova Table P-value for English Level was 0.16, so English Level was dropped from the model.

All the remaining variables were significant.

The residual plot from the final model shows random scatter about 0, and there is no evidence of non-linearity (P-value for a quadratic term = 0.997).

The plot of Cook’s distance shows none of the observations have an undue influence on the final model.

The Normal Q-Q plot shows the characteristic curve of right skewed residuals.

The Shapiro-Wilk test provides weak evidence against the hypothesis that the errors have a normal distribution (P-value = 0.08244), but with 88 observations we can rely on the Central Limit Theorem. However, we should not rely on any predictions made using this model.

· Statistical Inference

The F-test for regression provides extremely strong evidence against the hypothesis that none of the variables are related to EID score (P-value ( 0).

The Multiple R2 is 0.6265 indicating that 63% of the variation in EID scores is explained by the variation in IQ, GPA, Repeat, and Social, so it will not be useful for predicting a student’s EID score.

We have very strong evidence against the hypothesis that the slope coefficient associated with IQ is 0 (P-value = 0.000644).

We have very strong evidence against the hypothesis that the slope coefficient associated with GPA is 0 (P-value = 3.83 ( 10-7).

We have strong evidence against the hypothesis of no difference in EID score when a grade has been repeated (P-value = 0.002953).

We have very strong evidence against the hypothesis of no difference in EID score when the child had social problems in the 9th Grade (P-value = 0.000864).

Executive Summary

A medical researcher was interested in building a model to assess potential links between Emotion Impulse Disorder (EID) and children’s behaviour.

Our model explains 63% of the variation in EID scores and will not be useful for predicting children’s EID scores.

We have very strong evidence that an increase in a child’s IQ is associated with a decrease in the EID score. We have very strong evidence that an increase in a child’s GPA is associated with a decrease in the EID score. We have strong evidence that a child who has repeated a grade has a higher EID score, on average, than a child who has not repeated a grade. We have very strong evidence that a child who had social problems in the 9th Grade has a higher EID score, on average, than a child who did not have social problems in the 9th Grade. 

The child’s gender, their English grade in the 9th Grade and their English level in the 9th Grade were of no further use in explaining EID scores.

We estimate that, holding everything else constant:

· for each additional 10 IQ points, the mean EID score falls by between 1.2
and 4.4 points.

· for each additional unit increase in a child’s GPA, the mean EID score 
decreases by between 4.0 and 8.4

· children who have repeated a grade have a mean EID score that is
between 2.7 and 12.8 higher than children who have not repeated a
grade.

· children who had social problems in the 9th Grade have a mean EID score
  that is between 4.0 and 15.0 higher than children who did not have social 
problems in the 9th Grade.

Our final model, using the estimated coefficients, is:

EID Score = 93.75302 – 0.2799 ( IQ – 6.19744 ( GPA + 7.75322 ( Repeat (Yes) + 
9.4826 ( Social (Yes) 

Note: Gender, English Grade and English Level do not appear in the final model.

Fitted value for observation:

EID Score = 93.75302 – 0.2799 ( 102 – 6.19744 ( 0.67 + 7.75322 ( 0 + 9.4826 ( 0

EID score = 61.05094

Residual
= observed – fitted 

= 74 – 61.05094
= 12.94906
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