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Section 1: Missing values:

A missing data analysis is performed. The result is attached below in table 1. We take out all the cases where the criterion variable is missing (120 cases), leaving 423 cases to analyze. 

	 
	N
	Mean
	Std. Deviation
	Missing
	No. of Extremes(a)

	 
	 
	 
	 
	Count
	Percent
	Low
	High

	Z_MARK
	543
	.038436
	.9803402
	120
	18.1
	0
	1

	RAVEN
	625
	7.148800
	2.3160399
	38
	5.7
	8
	0

	AGE
	660
	19.87
	3.262
	3
	.5
	18
	75

	TAI_W
	652
	14.85
	4.649
	11
	1.7
	0
	19

	TAI_E
	646
	18.17
	5.366
	17
	2.6
	0
	0

	SEX
	662
	 
	 
	1
	.2
	 
	 

	BILING
	657
	 
	 
	6
	.9
	 
	 

	NATV_SPK
	662
	 
	 
	1
	.2
	 
	 


Number of cases outside the range (Q1 - 1.5*IQR, Q3 + 1.5*IQR).


Section 2: Initial Correlation:

A bivariate correlation is run in SPSS. Significant correlations are found between Z-marks and RAVEN (0.221, p=0.000); Z-marks and TAI_W (-0.279, p=0.000); and Z-marks and TAI_E (-0.130, p=0.004). There are also significant correlations between predictors RAVEN and TAI_W (-0.165, p=0.000), RAVEN and TAI_E (-0.135, p=0.002) and TAI_W and TAI_E (0.735, p=0.000). Note that the SEX variables do not appear to have significant correlations with the criterion variable. However, we decide to keep this variable around since it is strongly correlated with RAVEN (-0.166, p=0.000), TAI_W (0.157, p=0.000) and TAI_E (0.194, p=0.000)

Section 3: Assumptions:

In this section, we will first present various assumption checks on our original variables. In case of violation of the principle assumptions, we will perform variable transformations, and re-check all assumptions based on the transformed variables. 

3.1. Initial test of assumptions

Ratio of Cases to IVs 

With 423 cases and 4 IVs, the cases-to-IV ratio is 105:1, well above the minimum requirement for conducting regression analysis. 

Normality: 

The Dependent variable Z-MARK does not violate normality assumption. Although the Shapiro-Wilk test yields a significant result (p=0.023), the histogram (Figure 1) and the normal P-P plots (Figure 2) indicate that the data set is normally distributed. Therefore, no transformation is needed. 
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The dependent variable RAVEN slightly violates the normality assumption. This is evident from the Shapiro-Wilk test (p=0.000), the skewness value (-0.341), the histogram (Figure 3), and the P-P plot (Figure 4) are shown below. 
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The dependent variable TAI_W violates the normality assumption. The Shapiro-Wilk test turns out to be significant (p=0.000). The skewness value (0.729) obtained from descriptive analysis also indicates such violation. Notice that the histogram and P-O plots (Figure 5 and 6 respectively) show explicitly such positive skewness. 
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The dependent variable TAI_W violates the normality assumption. This is evident from the Shapiro-Wilk test (p=0.000), the skewness value (0.524), and particularly the histogram (Figure 7) and the P-P plot (Figure 8) below.
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Finally, we cannot perform any assumption tests for the dichotomous variable SEX. However, the descriptive statistic tells us that there are 67.2% Female and 32.8% of Male in our data set, which does not seem too unbalanced.

   

Linearity, Homoscedasticity and Normality of Residuals: 

Figure 9 shows the residual scatter plot (predicted vs. residual) between the predictor RAVEN and the criterion. As we can see, the scatter plot is roughly even distributed above and below zero. We further consult the levene test of homogenous of variance, the result (F(12,507)=0.498, p=0.921) is not significant. However, recall from the normality tests above, this variable is negatively skewed. Hence a transformation of this variable should still be applied. 

Figure 10 shows the residual scatter plot between the predictor SEX and the criterion. As we can see, the scatter plot is roughly even distributed above and below zero. We further consult the levene test of homogenous of variance, the result (F (1,540) =0.259, p=0.611) is not significant. Therefore we conclude that the pair variables between Z-marks and SEX do not violate these assumptions. 
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Figure11 shows the residual scatter plot between the predictor TAI_W and the criterion. As we can see, the standard deviations of errors are not equal for all predicted DV scores. This is an indication of heteroscedasticity. We further consult the levene test of homogenous of variance, the result (F (23,511) =1.88, p=0.008) is significant. Therefore we conclude that the pair variables between Z-marks and TAI_W violate the above assumptions. 
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Figure 12 shows the residual scatter plot between the predictor TAI_E and the criterion. Its overall shape appears to violate homoscedasticity, even though the levene test of homogenous of variance turns out to be insignificant (F (24,507) =1.071, p=0.374). 
3.2 Variable transformations: 

After the initial assessment of above assumptions, we decide to transform the variables RAVEN, TAI_W and TAI_E. We will present the variables transformations individually, followed by a verification of all assumptions after the transformations.

RAVEN

Since the variable RAVEN has moderate negative skewness, we decide to transform this data with the function SQRT (K-X) where K is 13 - the maximum RAVEN value in the data set +1. The transformed histogram and P-P plot are also presented below. The new skewness value is -0.273. Figure 11 and 12 show the transformed histogram and normal Q-Q plot for the variable RAVEN. Figure 13 shows the residual scatter plot for the transformed raven. 
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TAI_W  

Since TAI_W has substantial positive skewness, we decide to transform this variable with the function LG10(X) where X represents the original value of TAI_W. The transformed histogram and P-P plot are also presented below. The new skewness value is (0.058). Figure 14 and 15 show the new histogram and normal Q-Q plot for the variable RAVEN. Figure 16 shows the new residual scatter plot. Notice that, although the scatter plot is still not perfectly rectangular, it has considerably improved compared to that of Figure 5. 
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TAI_E

Since TAI_E has substantial positive skewness, we decide to transform this variable with the function LG10(X) where X represents the original value of TAI_E. The transformed histogram (Figure 17) and P-P plot (Figure 18) are also presented below. The new skewness value is (-0.142). Figure 19 shows the new residual scatter plot. As we can see, the errors of predictions are now more equally distributed around each DV scores.  
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Section 4: Test of Outliers

4.1 Univariate outliers: 

We compute the standardized value for the following three (transformed) continuous independent variables: RAVEN, TAI_W and TAI_E. There are no extreme cases where the standard deviation values are higher than 3.29. Hence no univariate outliers are found. 

4.2 Multivariate outliers: 

We calculate the mahalanobis distance with RAVEN (transformed), SEX, TAI_W (transformed) and TAI_W (transformed) as independent variables. After consulting the κ2 table, we decide that the criterion for multivariate outliers at p< 0.005 is κ2 (4)=14.86. Therefore, we delete two cases that have mahalanobis distance higher than this value, leaving the 421 cases for analysis.

Section 5: Multicolinearity and singularity 
A correlation and initial regression analysis is performed with the transformed variables RAVEN, SEX, TAI_W and TAI_E. The correlation table (table 2) reveals a strong correlation between TAI_E and TAI_W with Pearson correlation value of 0.721. This is also evident from the regression analysis where the tolerance of these two variables is 0.475. The above analysis shows a strong indication of multicolinearity. 

Correlations (a)

	 
	 
	Z_MARK
	RAVEN
	SEX
	TAI_W
	TAI_E

	Z_MARK
	Pearson Correlation
	1
	-.214(**)
	-.051
	-.296(**)
	-.127(**)

	 
	Sig. (2-tailed)
	.
	.000
	.257
	.000
	.004

	RAVEN
	Pearson Correlation
	-.214(**)
	1
	.169(**)
	.151(**)
	.111(*)

	 
	Sig. (2-tailed)
	.000
	.
	.000
	.001
	.013

	SEX
	Pearson Correlation
	-.051
	.169(**)
	1
	.153(**)
	.186(**)

	 
	Sig. (2-tailed)
	.257
	.000
	.
	.001
	.000

	TAI_W
	Pearson Correlation
	-.296(**)
	.151(**)
	.153(**)
	1
	.721(**)

	 
	Sig. (2-tailed)
	.000
	.001
	.001
	.
	.000

	TAI_E
	Pearson Correlation
	-.127(**)
	.111(*)
	.186(**)
	.721(**)
	1

	 
	Sig. (2-tailed)
	.004
	.013
	.000
	.000
	.


** Correlation is significant at the 0.01 level (2-tailed).

Correlation is significant at the 0.05 level (2-tailed).
Table 2: Correlation table

Since we do not know which of these two variables makes more contribution to our regression model, we cannot determine which variable to include. Instead of making that choice now, we keep both variables, and try to address the multicolinearity issue in our major analysis.  

Section 6: Major Analysis

Several multiple linear regressions are run, with various possible combinations of the four predictors listed above. We select the model that resulted in the highest adjusted R2. This final model is presented in table 3, which consists of two predictors, square root of RAVEN and LG10 of TAI_W.


Variables
      Z-Marks  SQRT(13-RAVEN)
LG10(TAI_W)     B
      β
       sr2
(DV)                  (unique)


SQRT (13-RAVEN) -0.21

                        
      -0.362***  -0.179
  0.034

LG10 (TAI_W)
   -0.30

     0.15

      
      -1.960***  -0.269
  0.075

Intercept = 3.160

Means

    0.04
         2.36 


1.15

Std Deviation
    0.98

     0.48


0.14



    

 R2 = .119a
    







        


              Adjusted R2 = .116


















 R = .345***

*** p < .001

** p < .01

* p <.05

a Unique variability = .109; shared variability = .01

Table 3: Regression results 

The unstandardized B weights confidence limits are reported below. The standard errors for B coefficients are .379, .085, .306 for the constant term, RAVEN and TAI_W respectively. The standardized β weights are listed in table 3, under the β column. Semi-partial correlations are also calculated. The sum of squares for the two significant IVs RAVEN (0.1852) and TAI_W (0.2732) is 0.109. This is the amount of R2 attributable to unique sources – the unique variance. The difference of R2 and the unique variance (0.119-0.109=0.01) represents variance that RAVEN, SEX and TAI_W jointly contribute to R2. The final prediction equation is y=-0.362*SQRT (13-RAVEN) + -1.960*LG10 (TAI_W) + 3.160.

We tried to make interaction terms by taking the product of two predictors. We tested the following combinations since they make theoretical sense: RAVEN*SEX; RAVEN*NAT_SPK, TAI_W*RAVEN and TAI_W*NAT_SPK. None of these interaction terms are significant in the regression model. Hence, we decide not to add any interaction terms. 
	95% B weight confidence interval 

	　
	Lower Bound
	Upper Bound

	(Constant)
	2.416
	3.905

	LG10(TAI_W)
	-2.561
	-1.359

	SQRT(13-RAVEN)
	-0.530
	-0.195


Table 4: unstandardized B weights confidence limits

Section 7: Discussion:

We could have included TAI_E instead of TAI_W as one of our predictors. (Notice that they cannot be both included due to multicolinearity property that we have identified) However, this reduces the R2 to 0.065. Hence, it is more appropriate to keep the TAI_W and toss out TAI_E. 

Variable SEX has strong correlations with RAVEN and TAI_W, so we initially decided to take this variable into the prediction model. Indeed, when this variable is added, R2 increases slightly. However, we found that the SEX itself does not make independent significant contribution to the model (p=0.874). A stepwise regression also shows that SEX will be eventually removed from the regressions. Hence we did not include this variable in our final model. There are also other predictors from the data set that we have left out in our model. For example, it makes intuitive sense to include Natv_spk and Age in the model. However, their correlations with the criterion and any of the IVs in our final model are weak. Therefore, their contributions to the model are insignificant.  
We could have also missed some important variables that are not included in the data set. For instance, the numbers of hours that a student spends on studying for this course could also affect his/her score. Should we included these variables, the R2 might be higher, which may result in a more powerful prediction. 

Table 1: missing value analysis table
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