
STEP 4: Compute P and state your conclusion 
 
• Returning to out test statistic:  
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where  , the pooled standard deviation is calculated as: 
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 What values would you use for: 

 

1n =      

 =     
 

1x  =  
 

2x  =    
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This yields the result t =0.9675 
 
 

 What is our figure for degrees of freedom? 
 

= min [ ] 
= min [          -1,         -1] 

df = min  [        ,        ] 
df =                . [i.e. the lower of the two values] 
 

 
So, finally: 
 
 What do we do with t statistic and  the degrees of freedom figures we have calculated? 

 
 
 

 In this case, we do not have an exact probability as the t value we calculated lies between 
0.15 (t=0.851) and 0.20 (t=1.050). However, we can then say that P  lies between 0.15 
and 0.20. Do we accept or reject the null hypothesis? Why? 
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Example 2 -- Using SPSS Syntax 
 

 
 For Example 2 (on page 9), which Macro would you choose? Write it out and fill 

in the appropriate values 
 

                n1=(       ) n2 = (       ) x_bar1 = (      ) x_bar2 = (        ) s1 = (       )     s2 =(      ) . 
         
 

 This yields the output below. What does it mean? 
 
 
 
      df         x1b_x2b           SE              ti      SIGt_2TL     SIGt_LTL    SIGt_UTL 
2.000000    518.243500    535.667016        .967473  .338846         .830577       .169423 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.4 Reading 6 

6.4.1 Pryce I&S in SPSS  
• *Pryce, Chapter 6 

 
6.4.2 M&M 4th Ed. 

• M&M section 6.2 and exercises for 6.2 
• Chapters 7 & 8 
• Optional: sections 6.3 and 6.4 
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L7  Relationships between Categorical Variables 
7.1 Structure of Lecture 7  

1. Independent Events 
2. Contingent Events 
3. Chi-Square 
4. Further Study 

 

7.2 Labs 7a and 7b  
 

7.2.1 Example 2.3a The Two Sided Die (Pryce, p.2-7) 

7.2.2 Example 2.3.5 Contingent Probability of Going to University (Pryce, p.2-9) 

7.2.3 Example 2.3c Relationship Between Class and Higher Education (Pryce, p.2-10) 

7.2.4 Exercise 2.1 Understanding Randomness and Probability (Pryce, p. 2-11) 

7.2.5 Example 7.2.1 Relationship Between Social Class and Voting Preference (Pryce, p.7-2) 
Suppose you have collected data on voting preferences and social class.  Your data were collected 
using a simple telephone questionnaire which achieved 556 responses.  Your survey consisted of 
two simple questions:  (1) Do you consider yourself to be working class? and (2) Did you vote 
New Labour at the last general election? 
 
Everyone who responded answered either yes or no to both of these questions.  You entered your 
data into an SPSS file and saved it as votes.sav. How would you establish whether there was a 
relationship between whether someone described themselves as working class and whether they 
voted New Labour? 

7.2.6 Example 7.2.3a Relationship Between Class and HE (Pryce, p.7-5) 
Example 7.2.3a Relationship Between Class and Higher Education 
Suppose you are interested in whether there is a relationship between social class and access to 
higher education.  You have 300 observations in your data distributed across the categories of each 
variable as demonstrated in the following table.  Test whether there is a relationship between class-
background and higher education. 
 

 A B 
 Working 

Class 
Middle 
Class 

Go to university 18 84 
Do not go to university 162 36 

 

7.2.7 Example 7.2.3b Relationship Between First Time Buyer and Location (Pryce, p.7-8) 

7.3 Reading 7 

7.3.1 Pryce I&S in SPSS  
• *Pryce, Sections 2.1, 2.2, 2.3; 7.1, 7.2 

7.3.2 M&M 4th Ed. 

• Chapter 9. 
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L8  Regression 
 
 

8.1 Structure of Lecture 8  
 

1. Linear & Non-Linear Relationships 
2. Fitting a line using OLS 
3. Inference in Regression 
4. Ommitted Variables & R2 
5. Types of Regression Analysis 
6. Properties of OLS 
7. Assumptions of OLS 
8. Doing Regression in SPSS 

8.2 Labs 8a and 8b  

8.2.1 Example 1.4.1 How to Create a Scatter Plot in SPSS (Pryce, p. 1-25) 

8.2.2 Example 7.3.2 Building an Automatic Valuation Model (Pryce, p.7-12) 
Suppose you have been commissioned by Her Majesty’s Valuation Office to construct an 
automatic valuation model (AVM) of residential dwellings.  The model will be used to help with 
the forthcoming Council Tax revaluation when a reliable and up-to-date valuation will be needed 
of every residential property in England and Wales.  Sending out Chartered Surveyors to each and 
every property was deemed infeasible, and so a cheaper computer-based system is being sought.  
You have been given a sample of house price data – avmdata.sav – with which to build your 
model.   You start off by exploring the relationship between purchase price and the floor area of a 
house.  You reason that the larger the floor area, the more valuable the property, which suggests 
the following relationship (assumed to be linear) between house price and floor area: 
 
House price = α + β Floor area + ε 
 
If we run this regression in SPSS using the data provided,  
 

GET  FILE='Q:\QUANTS\avmdata.sav'. 
REGRESSION  /DEPENDENT purchase  /METHOD=ENTER floorare  . 

 
we would get the following Model Summary output: 

Model Summary

.721a .519 .519 26925.177
Model
1

Adjusted
R Square

Std. Error of
the EstimateR R Square

Predictors: (Constant), Floor Area (sq meters)a. 
 

The Model Summary table includes the R Square, which tells you the proportion of the dependent 
variable that your independent variables explain (in this case = 0.519 = 51.9%).  If you have more 
than one explanatory variable you should use the Adjusted R Square which controls for the fact 
that the R-square will rise each time you add an additional variable, even if there is no real gain in 
the explanatory power of the model.   
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The second table produced by the regression procedure is the Analysis of Variance (ANOVA) 
table: 
 

ANOVAb

4.3E+11 1 4.341E+11 598.724 .000a

4.0E+11 554 724965158.6
8.4E+11 555

Regression
Residual
Total

Sum of
SquaresModel df Mean Square F Sig.

1

Predictors: (Constant), Floor Area (sq meters)a. 

Dependent Variable: Purchase Priceb. 
 

 
The most useful information in the ANOVA table at this stage is the F-statistic.  This tests the null 
hypothesis H0 that all slope coefficients are jointly equal to zero.  It is another summary test of the 
whole model and is related to the R Square measure.  If “Sig” is small, you can confidently reject 
the null.  Also useful is the total degrees of freedom (df) which tells you at a glance how many 
observations were included in the model (in this case 555+1).  
 
The third and most important table in the output is the Coefficients table: 
 

Coefficientsa

-10029.0 3242.545 -3.093 .002
638.825 26.108 .721 24.469 .000

(Constant)
Floor Area (sq meters)

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Purchase Pricea. 
 

 
This table tells you the estimated value of the intercept – the point where the y axis is crossed 
(labelled Constant in SPSS output) – and of the slope coefficient – how much the value of y  
increases for each increase in the value of x. In this case we only have one independent variable 
and so only one slope coefficient is produced (for Floor Area).  The estimated values of the 
intercept and slope coefficient are listed under the column headed B in the table.  The t statistic 
tests the hypothesis that B = zero and is calculated by dividing B by the Standard Error of B, which 
is listed in column three.  If Sig. is small – less than 0.05 say – then you can confidently reject the 
null hypothesis that B = 0. 
 
While the Constant term is occasionally of interest, it is usually the slope coefficient(s) that we are 
most interested in.  In the above example, the coefficient on Floor Area equals 638.8, which tells 
us that as the floor area of a house rises by one square metre, the value of the house rises by 
£638.8.  So the slope coefficient is measured and interpreted in terms of the scale used for the 
dependent variable (which in this case is pounds sterling).  Because the t value is large for the 
slope coefficient (resulting in a small significance level = 0.000), we can reject the null hypothesis 
that the slope coefficient = 0 (i.e. that there is no relationship between house price and floor area).  
Similarly, the t value is large for the intercept term, and so we can reject the null hypothesis that 
the slope coefficient is zero.  
 

8.2.3 Exercise 7.3.2 Regression Analysis (Pryce, p. 7-13) 
Using data from avmdata.sav, do a scatter plot of the relationship between purchase price and 
floor area.  Comment on the plot and then insert a linear line of best-fit. How well do you think the 
regression line fits the data?  Use the REGRESSION /DEPENDENT purchase  
/METHOD=ENTER floorare. syntax to run a linear regression to obtain the numerical values of 
the relationship.  What does the statistical output tell you about the relationship? 
Run a 3-D Scatter plot with floor spikes using the following menu sequence:  Graphs, Scatter,  
Simple, and Define. Place purchase price on the Y axis, floorarea on the X axis and number of 
bathrooms on the Z axis, then click OK or Paste.  Alternatively you can use the following syntax: 
GRAPH  /SCATTERPLOT(XYZ)=floorare WITH purchase WITH bathroom.  
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To include the floor spikes, double click on the graph, then right-click on the data points in the 
body of the graph, select Properties Window, select Spikes, Floor, Apply and Close.   
 
Now try viewing the graph from different angles by using the 3-D rotation facility.  To rotate the 
graph in, right-click on the data points in the graph, and select Properties Window, and 3-D 
Rotation.  Try changing the horizontal view (move the slider and click Apply).  Comment on the 
graph and run a regression equation with the second explanatory variable included.  Has the 
inclusion of the extra variable added anything to the explanatory power of the model?   Try 
replacing it with number of bedrooms and comment on your results. 
Experiment with a number of 2-explanatory variable models, comparing the 3-D scatter plot with 
the regression output.  Then experiment with more than 2 explanatory variables. 

8.2.4 Example 7.3.3 Applying the Rule of Thumb for CIs (Pryce, p.7-15) 
Below is the output from a regression of floor area on number of bathrooms: 

Coefficientsa

40.928 4.700 8.708 .000
64.622 3.819 .584 16.920 .000

(Constant)
Number of Bathrooms

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardi
zed

Coefficien
ts

t Sig.

Dependent Variable: Floor Area (sq meters)a. 

 
 
We can calculate the confidence interval on the slope coefficient using our rule of thumb as 
follows: 

 
β  = 64.6 ± 2 × 3.8   

= 64.6  ± 7.6 
 
In other words, the 95% confidence interval for the population slope coefficient is (57, 72). 
 
 

8.2.5 Exercise 7.3.4 Comparing SPSS CIs with those derived from the Rule of Thumb 
1. Use the rule of thumb to calculate the 95% confidence interval for the slope and intercept 
terms in the regression of purchase price on floor area.  Confirm your results by comparing them 
with the SPSS estimates of the confidence intervals. 
2. Run a regression of purchase price on two explanatory variables: floor area and number of 
bathrooms.  Comment on the meaning of the intercept and slope estimates and calculate the 95% 
confidence intervals. 
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8.3 Tutorials 5 & 6:  Regression Parts I & 2 
 
 

Part 1: Multiple Regression – The Basics 
 
1. In your own words… 

• What is a linear relationship? 
 
 
 
 

 
• What do we mean by a statistical model? 
  
 
 
 
 
 
• What does the slope of the regression line tell us? 

 
 
 
 
 
 

• Why does it matter that the dependent variable is continuous in OLS? 
 
 
 
 
 
 
2. This is the regression equation for Ordinary Least Squares (OLS): 
 
                                         Y iii X +α β ε+=  
 

• What do each of these terms represent? 
 
  X =  
  Y  =  
  β =  
  α =  
  ε  =  
 
 

 
3. Residuals 
• What do we mean by the residuals in a regression analysis? Why do we care about 

them? 
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One way of examining the residuals is using plots generated by SPSS. 
 
Once we have entered the dependent and independent variables we want to analyze into the linear 
regression dialogue box (ANALYZE/ REGRESSION/ LINEAR), click on the PLOTS dialogue box:  
 

 
 
 
To plot the residual values against the predicted values from the model, enter ZRESID onto the Y axis 
and ZPRED onto the X axis and then check the boxes for the histogram and normal probability plots. 
When we analyze the residuals we are looking for a normal distribution, indicating linear relationship 
between the actual and predicted values.   
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• Comment on the following plots: 
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Part 2: Worked Examples & Understanding SPSS Output 
 
Example 
 
Suppose you have been commissioned by Her Majesty’s Valuation Office to construct an automatic valuation model (AVM) of 
residential dwellings. The model will be used to help with the forthcoming council tax revaluation when a reliable and up to date 
valuation will be needed of every residential property in England and Wales. Sending out chartered surveyors to each and every 
property was deemed unfeasible, and so a cheaper computer-based system is being sought. You have been given a sample of 
house price data – avmdata.sav – with which to build your model.  

 
1. Your theory: first decide on the rationale behind how you treat each variable in the regression. 
 

• The variables in the dataset are below. Which variable will you select as the dependent 
variable?  

• Which do you think might be useful as independent variables?  
• Why – what is your hypothesis about the relationship between the dependent variable 

and each independent variable you have selected? 
 
Number of Bathrooms 

Number of Bedrooms 

Central Heating 

Date Built 

Floor Area (sq metres) 

First Time Buyer  

Garage 

New Property 

Parliamentary Constituency Code 

Purchase Price   

Type of Property 

 
 
 
 
2. Preparing the dataset 
 

• Why are we concerned about missing variables in the dataset and how do we deal with 
them? 

  
 
 
 
 
 
 
 
 

• Remember the type of variable!  
 
Some of the variables you identified as potentially relevant will be categorical. With the 
continuous (or even ranked) variables, the regression will tell us that for every unit increase (or 
decrease) in an independent variable, the dependent variable will also increase (or decrease) by a 
specified amount.  
 
However, although SPSS will run the categorical variables in a regression, it treats them as though 
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their values made numeric sense: but it makes no sense to say afterwards that, for example, for 
every unit increase in the central heating variable, the dependent variable will increase (or 
decrease) by a particular amount.  
 
If we check the variable view of SPSS, we would see that the central heating variable is coded as: 
0 = none                                      5 = part gas 
1 = full gas                                   6 =  part electric 
2= full electric                              7 =  part oil 
3= full oil                                      8 =  part solid 
4 = full solid                                  
 
• One way of dealing with categorical variables is using syntax to turn them into new 

‘dummy’ (or ‘design’) variables. Explain the following syntax. What will happen when 
we run it? 

 
          COMPUTE fullgas = 0. 
          IF (central = 2)  fullgas = 1. 
          IF (central = -9) fullgas = -9. 
          EXECUTE. 
 
 
 

• The current central heating variable contains nine categories but we would only use 
eight dummy variables. Why? 

 
 
 
 

• Which other variables would need to be modified before we could run a valid 
regression? 

 
 

 
 
We can also use the TRANSFORM/ COMPUTE VARIABLE options in SPSS to manipulate 
numerical variables.  
 
3. Carrying Out the Preliminary Regression 
 
SPSS Commands: 
 
ANALYZE/ REGRESSION/ LINEAR 
 
After this, insert the dependent and independent variables into the appropriate boxes, select PLOTS 
and include the histogram and the normal probability plots for the residuals (see the section on 
Residuals above). As always, you can use the PASTE command in the linear regression dialogue box 
to copy the underlying syntax into a file and then run it from there. 
 
4. Understanding SPSS Output 
 
Your initial regression will generate four tables: 

a) Variables Entered (Removed) 
b) Model Summary 
c) ANOVA  
d) Coefficients 

 
NB: Remember whenever you present tables in your work you must always explain them: it is not 
sufficient to copy a table and assume it speaks for itself! 
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a) Variables Entered (Removed) 

This table lists all the variables which have been entered into the regression and the method of analysis. 
Check this to make sure that it contains everything you want but you are very unlikely to include this in 
your work because you will already have explained which variables you are using and why.  
 
b) Model Summary 
 
Model Summary 

 

Model 

 

R 

 

R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .835(a) .698 .686 21748.051 

a  Predictors: (Constant), Parking Space, Part Oil Central Heating, Part Electric Central Heating, New Build Property, Full 
Electric Central Heating, Semi-detached Bungalow, Full Oil Central Heating, No Central Heating, Full Solid Central Heating, 
Converted Flat, Part Gas Central Heating, Semi-detached Bungalow, Single Garage, Terraced House, Floor Area (sq metres) 

 
• What does the model summary tell us? 
 
 
• Would we report the R squared or the adjusted R squared figure? Why? 
 
 
 
So: 
• We can conclude from this model summary that           % of the variation in the 

dependent variable,                                is explained by the other variables,                             
. 

 
 
 
c) The ANOVA table 
 
This table gives us the F value along with its associated significance figure (Sig). These figures are the 
results of a hypothesis test, testing the hypothesis that all the slope coefficients related to all the 
independent variables in the model are jointly equal to zero (i.e. if the slope coefficients were equal to 
zero, this would suggest that there was NO relationship between the dependent and the independent 
variables - think about a graph of the x and y axis if you are having trouble with this). If the 
significance value of the F statistic is less than 0.05, we reject the null hypothesis that the slope 
coefficients related to all the independent variables in the model are jointly equal to zero (and therefore 
have no relationship with the dependent variable) and accept the alternative hypothesis, that all the 
slope coefficients are NOT jointly equal to zero (and therefore that there is a linear relationship 
between the dependent and independent variables). 
 

ANOVA(b) 

 

 

Model 

  

 

Sum of Squares 

 

 

df 

 

 

Mean Square 

 

 

F 

 

 

Sig. 

1                  Regression 

                    Residual 

                    Total 

583114800576.830 

252570093684.370 

835684894261.200 

21 

534 

555 

27767371456.040 

472977703.529 

58.708 .000(a) 

a  Predictors: (Constant), Parking Space, Part Oil Central Heating, Part Electric Central Heating, New Build Property, Full 
Electric Central Heating, Semi-detached Bungalow, Full Oil Central Heating, No Central Heating, Full Solid Central Heating, 
Converted Flat, Part Gas Central Heating, Semi-detached Bungalow, Single Garage, Terraced House, Floor Area (sq metres) 
b  Dependent Variable: Purchase Price 
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• What are the results of the hypothesis test shown in the ANOVA table? What does this 
tell us? 

 
 
 
 
 
 
 
d) Coefficients 
 

Coefficients(a) 
 

Model 

 

Unstandardized Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

 B Std. Error Beta   

1           (Constant) 

              Number of Bathrooms 

              Number of Bedrooms 

              Date Built 

              Floor Area (sq metres) 

              No Central Heating 

              Full Electric Central Heating 

              Full Oil Central Heating 

              Full Solid Central Heating 

              Part Gas Central Heating 

              Part Electric Central Heating 

              Part Oil Central Heating 

              New Build Property 

              Semi-detached 

              Terrace House 

              Detached Bungalow 

              Semi-detached Bungalow 

              Purpose Built Flat 

              Converted Flat 

              Single Garage 

              Double Garage 

              Parking Space 

91577.787 

10468.620 

-364.911 

-44.738 

442.130 

-8621.527 

3268.344 

-7417.077 

-14426.625 

-3224.774 

8269.021 

-9562.089 

13704.322 

-15282.313 

-23297.369 

8636.113 

-8420.246 

-6837.623 

-17510.682 

13088.673 

25639.372 

10052.499 

46749.151 

3260.457 

1795.190 

23.739 

41.721 

3451.720 

4912.007 

6474.508 

5853.797 

4384.097 

21878.031 

9307.432 

4509.021 

2934.357 

3234.803 

4523.452 

6370.512 

6194.811 

9070.671 

2776.911 

4170.525 

2936.540 

 

.107 

-.008 

-.061 

.499 

-.062 

.017 

-.028 

-.060 

-.018 

.009 

-.025 

.080 

-.183 

-.287 

.053 

-.035 

-.031 

-.050 

.168 

.208 

.100 

1.959 

3.211 

-.203 

-1.885 

10.597 

-2.498 

.665 

-1.146 

-2.464 

-.736 

.378 

-1.027 

3.039 

-5.208 

-7.202 

1.909 

-1.322 

-1.104 

-1.930 

4.713 

6.148 

3.427 

.051 

.001 

.839 

.060 

.000 

.013 

.506 

.252 

.014 

.462 

.706 

.305 

.002 

.000 

.000 

.057 

.187 

.270 

.054 

.000 

.000 

.001 

a  Dependent Variable: Purchase Price   
 
 
 

• How does this table relate to the regression equation? 
 

 

• At this stage we can begin the process of refining the model by removing variables from 
the regression ONE BY ONE before re-running the regression again and making a new 
selection. What are our criteria for removing a variable? Which would you remove first? 
Why not just take a group out at a time? 
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Here are the model summary and ANOVA tables from the final model:  
 

Model Summary 

 

Model 

 

R 

 

R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .832(a) .692 .685 21762.936 

a  Predictors: (Constant), Parking Space, No Central Heating, Semi-detached Bungalow, New Build Property, Full Solid Central 
Heating, Detached Bungalow, Floor Area (sq metres), Double Garage, Terraced House, Number of Bathrooms, Single Garage 
 
 

ANOVA(b) 

 

 

Model 

  

 

Sum of Squares 

 

 

df 

 

 

Mean Square 

 

 

F 

 

 

Sig. 

1                  Regression 

                    Residual 

                    Total 

578032695113.398 

257652199147.802 

835684894261.200 

11 

544 

555 

52548426828.491 

473635366.081 

110.949 .000(a) 

a  Predictors: (Constant), Parking Space, No Central Heating, Semi-detached Bungalow, New Build Property, Full Solid Central 
Heating, Detached Bungalow, Floor Area (sq metres), Double Garage, Terraced House, Number of Bathrooms, Single Garage 
b  Dependent Variable: Purchase Price 
 
 

• What do they tell us? 
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Here is the coefficients table from the final model:  
 

Coefficients(a) 
 

 
Model 

 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 

 B Std. Error Beta   
1           (Constant) 

              Number of Bathrooms 

              Floor Area (sq metres) 

              No Central Heating 

              Full Solid Central Heating 

              New Build Property 

              Semi-detached 

              Terrace House 

              Detached Bungalow 

              Single Garage 

              Double Garage 

              Parking Space 

-2943.375 

9761.531 

478.217 

-7264.780 

-15564.789 

12888.105 

-12047.682 

-18835.472 

11562.748 

12769.713 

35328.240 

9476.761 

4574.817 

3195.347 

28.139 

3397.691 

5804.013 

4378.742 

2518.946 

2718.418 

4228.130 

2672.174 

4059.577 

2908.527 

 

.099 

.540 

-.052 

-0.65 

.075 

-.144 

-.232 

.070 

.164 

.206 

.095 

-.643 

3.055 

16.995 

-2.138 

-2.682 

2.943 

-4.783 

-6.929 

2.735 

4.779 

6.239 

3.258 

.520 

.002 

.000 

.033 

.008 

.003 

.000 

.000 

.006 

.000 

.000 

.001 

a  Dependent Variable: Purchase Price   
 

 
• What does it tell us? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

8.4 Reading 8 

8.4.1 Pryce I&S in SPSS 
• *Pryce, Sections 1.4, 1.5; 7.3, 7.4 

8.4.2 Other reading 
• Field, A. chapters on regression. 
• M&M 4th Ed. Chapters 2, 10 and 11; see Chapter 15 for Logistic regression. 
• Kennedy, P. ‘A Guide to Econometrics’ 
• Bryman, Alan, and Cramer, Duncan (1999) “Quantitative Data Analysis with SPSS for 

Windows: A Guide for Social Scientists”, Chapters 9 and 10. 
• Achen, Christopher H. Interpreting and Using Regression (London: Sage, 1982). 
• Pryce, G. Advanced Regression in SPSS 


