
Multiple Regression

Jenny Symonds,  Jenny Symonds,  ZsoltZsolt LaviczaLavicza and Jennifer and Jennifer SaariSaari



Session Two: Overview

Session One

• Introduction to regression

• Boat building – theoretical models

• Clearing the decks – meeting assumptions

Session Two

• Steering the ship – model fit & comparing models

• Arrival – reporting your model
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What is Regression?

Regression

• Predicting an outcome in a dependent variable 

(DV) from one or more predictor  

(independent) variables (IV). (independent) variables (IV). 

Linear Regression

• Fitting a line on the spread of the DV and an IV 

and estimating how much change will incur in 

the DV, when the IV changes. 
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A Regression Line
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The Logic Behind Regression

yDV If X increases by p amount, then 

Y will increase by q amount

b0

∆y

∆x

X

Slope of the regression line
X/Y 

Intercept

IV
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How to fit a line on the data?

y

Which line fits best?
Negative distance

Positive distance

Y
X

•Sum the distances!

•Take the squares!

•Find the least distance!

Least squares fit!!!

Residuals
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Clearing the Decks

• The sample is large enough

• Data is interval,  ratio, 

Meeting Assumptions about Data

• Data is interval,  ratio, 

ordinal (5+) or binary

• Data has normal distribution

• Data has some variance

• Variables relate to each other

• Variables are independent of 
each other
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Normal Distribution

The bell shaped curve of data distribution

Can be plotted with a histogram
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Variance 

The extent to which the collected data varies
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Variance Explained

DV

39.5%IV1

Calculating Variance 

Explained

Correlation Coefficient 

squared x 100

e.g. (0.628 x 0.628) x 

100 = 39.5
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Shared Variance

DV

IV1 39.5%

IV2
19.1%
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Correct Specification of the Model

If relevant variables are omitted from the model, the 

common variance they share with included variables 

may be wrongly attributed to those variables.

Consider all possible variables that might influence 

your model (data collection)

Check for correlations with other variables
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Reading the Correlation Matrix

Mean score 

on science 

scale

% of schools 

where 

achievement 

data was 

used to 

evaluate 

teachers

% of schools 

where 

achievement 

data was 

posted 

publically

Mean score on Pearson 
1 -.536(**) -.089

Relationship with DV

Mean score on 

science scale

Pearson 

Correlation
1 -.536(**) -.089

Sig. (2-tailed) .000 .520

% of schools where 

achievement data 

was used to evaluate 

teachers

Pearson 

Correlation
-.536(**) 1 .392(**)

Sig. (2-tailed)
.000 .003

% of schools where 

achievement data 

was posted publically

Pearson 

Correlation
-.089 .392(**) 1

Sig. (2-tailed)
.520 .003

Relationship 

Between IVs
Multicollinearity = .9 or above
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Checking Each DV-IV Relationship

• Is there linearity? 

(curvature and flatness are undesirable)
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Checking Each DV-IV Relationship
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• Is there homoscedasticity?
The variance around the regression line is the same for all values of the 

predictor variable
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Creating a Scatter Plot & Regression Line

1. [Graphs]-[Scatter/Dot]

2. [Simple Scatter]-[Define]

3. [Y Axis] Dependent Variable

4. [X Axis] Independent Variable4. [X Axis] Independent Variable

5. OK

In Output Viewer

6. Double click on the scatter plot (= chart editor)

7. [Elements]-[Fit line at total]-[Linear]

8. OK
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Identifying Outliers

1. Double click on the scatter plot (= chart 

editor)

2. [          ] (Data Labels)

3. Hover and click on outlier3. Hover and click on outlier

4. Check the number of the outlier (case 

number)

5. Return to data view in SPSS. Check the case 

and code data as missing if necessary 
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Setting up the Regression

Open SPSS 

1. [Analyze]-[Regression]-[Linear]

2. [Statistics]

• [Model Fit]

• [R Squared Change]• [R Squared Change]

• [Durbin Watson]

3. [Plots]

• [ZPRED]        [X], [ZRESID]        [Y]

• Check [Histogram] + [Normal Probability Plot]

4. [Method] – [Enter]
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Sequence of Regression Entry

• Hierarchical methods

– Based on previous work 

– Enter predictors in an order of assumed importance

• Forced entry methods

– All variables are entered into the analysis– All variables are entered into the analysis

– Still require theoretical predictor selection

• Stepwise methods

– Forward method – enter the variable which has the 
highest correlation with dependent variable

– Backward method – enter all variables and remove them 
according to t-test results
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Computing a Regression

5. Dependent variable         [Dependent]

6. Independent variable      [Independent/s]

7. OK
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Indicators of Model fit

T

M2

SS
SS R =

R2 indicates how much 

variance the model 

explains. Size of the 

relationship.relationship.

R R 2 =
R – Pearson correlation 

coefficient. Good 

estimate on the overall fit 

of the model.
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Output: The Variance Explained

Model Summary

.578a .335 .331 65.99144

Model

1

R R Square

Adjusted

R Square

Std. Error of

the Estimate

Predictors: (Constant), Advertsing Budget (thousandsa. Predictors: (Constant), Advertsing Budget (thousands

of pounds)

a. 

Correlation between 

predictor and 

dependent. Bigger 

value indicates 

stronger relationship

33.5% of the variance 

the model accounts 

for 

Adjusts R2 to reflect 

the model fit. Close 

value  to original R2 is 

good. More in 

Multiple regression.
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Output: The Model’s Significance

ANOVAb

433687.8 1 433687.833 99.587 .000a

862264.2 198 4354.870

1295952 199

Regression

Residual

Total

Model

1

Sum of

Squares df Mean Square F Sig.

The variance 

accounted for.

Look for other factors 

explaining the 

variance.

Predictors: (Constant), Advertsing Budget (thousands of pounds)a. 

Dependent Variable: Record Sales (thousands)b. 

The variance not 

accounted for. How much the model has 

improved in predicting 

outcome compared to the 

level of inaccuracy in the 

model. If F is large then 

the model has improved.

Significance is less 

than .05. So the 

model provides a 

significantly better 

prediction than the 

mean value. 
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Output: Predictive Value

Coefficientsa

134.140 7.537 17.799 .000

.096 .010 .578 9.979 .000

(Constant)

Advertsing Budget

(thousands of pounds)

Model

1

B Std. Error

Unstandardized

Coefficients

Beta

Standardized

Coefficients

t Sig.

T Test 

Relative importance 

of the variable in the 

model. 

(thousands of pounds)

Dependent Variable: Record Sales (thousands)a. 

B is the y 

intercept. 

The value of DV 

when IV is zero

Significance needs to be 

less than .05

Shows if t-test revealed 

the b value to be 

different from 0. It is.

b1 Slope of the regression 

line.

The amount that the DV 

increases when the IV 

increases by one unit. 

Beta Weight
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Beta Weights

• These are standardized regression coefficients.

• Beta weights/coefficients show the relative 

predictive power of the independent variables (IV).

• In multiple regression, beta weights are used to • In multiple regression, beta weights are used to 

compare the contribution of IVs to the DV.

• With the introduction of each IV in a new model, 

the beta weights change to incorporate the shared 

variance of the IVs in the model above them.  

εββββ +++++= nn22110 X.....XXY
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Checking the Residuals

Errors/Residuals 
Distances between predicted and observed values

Have normal distribution

•Look at histogram of residuals•Look at histogram of residuals

Should be uncorrelated between predictor variables 

•Durbin-Watson test 

Values varies between 0 and 4 – close to 2 is uncorrelated

D-W less than 1 and greater than 3 is problematic
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Multiple Regression

1. Dependent variable         [Dependent]

2. Independent variable      [Independent/s]

3. [Next]

4. Independent variable      [Independent/s]4. Independent variable      [Independent/s]

5. [Next]

And so on...
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Assessing the Model fit

Model Summaryc

.578a .335 .331 65.99144 .335 99.587 1 198 .000

.815b .665 .660 47.08734 .330 96.447 2 196 .000 1.950

Model

1

2

R R Square

Adjusted

R Square

Std. Error of

the Estimate

R Square

Change F Change df1 df2 Sig. F Change

Change Statistics

Durbin-

Watson

Predictors: (Constant), Advertsing Budget (thousands of pounds)a. 

Predictors: (Constant), Advertsing Budget (thousands of pounds), Attractiveness of Band, No. of plays on Radio 1 per weekb. Predictors: (Constant), Advertsing Budget (thousands of pounds), Attractiveness of Band, No. of plays on Radio 1 per weekb. 

Dependent Variable: Record Sales (thousands)c. 

Total variance accounted for 

by each model – assigned 

hierarchically

The variance uniquely 

accounted for by each new 

model

F is significant

F is fairly large.

D-W close to 2 – independent 

residuals 
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Assessing the Model fit

ANOVAc

433687.8 1 433687.833 99.587 .000a

862264.2 198 4354.870

1295952 199

861377.4 3 287125.806 129.498 .000b

434574.6 196 2217.217

Regression

Residual

Total

Regression

Residual

Model

1

2

Sum of

Squares df Mean Square F Sig.

434574.6 196 2217.217

1295952 199

Residual

Total

Predictors: (Constant), Advertsing Budget (thousands of pounds)a. 

Predictors: (Constant), Advertsing Budget (thousands of pounds), Attractiveness of

Band, No. of plays on Radio 1 per week

b. 

Dependent Variable: Record Sales (thousands)c. 

Ratio of improvement and 

significance
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Assessing the Model fit

Coefficientsa

134.140 7.537 17.799 .000 119.278 149.002

.096 .010 .578 9.979 .000 .077 .115 .578 .578 .578 1.000 1.000

-26.613 17.350 -1.534 .127 -60.830 7.604

.085 .007 .511 12.261 .000 .071 .099 .578 .659 .507 .986 1.015

3.367 .278 .512 12.123 .000 2.820 3.915 .599 .655 .501 .959 1.043

(Constant)

Advertsing Budget

(thousands of pounds)

(Constant)

Advertsing Budget

(thousands of pounds)

No. of plays on Radio 1

per week

Model

1

2

B Std. Error

Unstandardized

Coefficients

Beta

Standardized

Coefficients

t Sig. Lower Bound Upper Bound

95% Confidence Interval for B

Zero-order Partial Part

Correlations

Tolerance VIF

Collinearity Statistics

11.086 2.438 .192 4.548 .000 6.279 15.894 .326 .309 .188 .963 1.038

per week

Attractiveness of Band

Dependent Variable: Record Sales (thousands)a. 

Coefficients for the 

data

Beta Weights

Compare these to 

see the relative 

prediction power of 

each IV in the model. 

Significance of the 

contribution of the IV. 

If not significant, then 

do not use the IV in 

the model
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Model fit

Excluded Variablesb

.546
a

12.513 .000 .665 .990 1.010 .990

.281a 5.136 .000 .344 .993 1.007 .993

No. of plays on Radio

1 per week

Attractiveness of Band

Model

1

Beta In t Sig.

Partial

Correlation Tolerance VIF

Minimum

Tolerance

Collinearity Statistics

.281 5.136 .000 .344 .993 1.007 .993Attractiveness of Band

Predictors in the Model: (Constant), Advertsing Budget (thousands of pounds)a. 

Dependent Variable: Record Sales (thousands)b. 

Summary of 

variables not 

included in the 

model at one stage.

Standardized beta if 

variable would be 

included in the 

model.

T-statistic whether 

to reject the null 

hypothesis.
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Have a Go!

Challenge: Construct a model with three IVs that 
best explains change in the DV.

Which three factors most contribute to science achievement?

1. Enter the most significant variable first and so 1. Enter the most significant variable first and so 
on, in each step

2. Judge the significance of each IV by the beta-
weights

3. Re-order the IVs in the model to explain the 
most variance

4. Take out any IVs which are no longer significant
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Reporting Multiple Regression

Model A Model B Model C

Socioeconomic status .670*** .549*** .550***

(45%) (45%) (45%)

Teacher accountability -.272* -.283**

(6%) (6%)

Regression Results for Achievement in Science at Age 15 (PISA)

(6%) (6%)

Hours of Learning -.232*

(5%)

Sample size 57 57 57

R-squared .449 .508 .561

Adjusted R-squared .438 .489 .535

F-Test 42.324*** 26.311*** 21.330***

The percentages of variance explained are rounded to whole numbers and reported in parentheses.

***, **, * indicates significance (p) at <.000, <.010 and <.050, respectively.
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Reporting Multiple Regression

Model A Model B Model C

Constant 351 401 375

Socioeconomic status 69.22*** 57.71*** 57.79***

(10.64) (11.34) (10.81)

Teacher accountability -00.49* -00.51**

Regression Results for Achievement in Science at Age 15 (PISA)

Teacher accountability -00.49* -00.51**

(00.19) (00.19)

Hours of Learning 00.99*

(00.40)

Sample size 57 57 57

R-squared .449 .508 .561

Adjusted R-squared .438 .489 .535

F-Test 42.324*** 26.311*** 21.330***
Standard errors are reported in parentheses.

***, **, * indicates significance (p) at <.000, <.010 and <.050, respectively. Jenny E. Symonds & Zsolt Lavicza



Reporting Multiple Regression

e.g. Model A Model B Model C

Or... Time One Time Two Time Three

Or... Controlling for SES Ability Time

Different uses of columns in the regression table

Or... Controlling for SES Ability Time

Socioeconomic status .670*** .549*** .550***

(45%) (45%) (45%)
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Reporting Multiple Regression

Regression in the Text

For a single regression
Socioeconomic status significantly predicted achievement in
science, β = .670, t = 6.506, p < .000. It also explained a significant
proportion of variance in achievement, R2 = .45, F = 42.32, p < .000.proportion of variance in achievement, R2 = .45, F = 42.32, p < .000.

For a multiple regression
The data were analysed by multiple regression, using socioeconomic
status, evaluation of teachers’ performance and the hours spent
learning science per week as predictive variables. The regression
was a moderate fit (R2 = 56%), and the overall relationship was
significant (F = 21.33, p < 000).
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Thank You for Attending
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