MGSC 1206	Introduction to Quantitative Methods II	Fall 2019
Assignment #4
Due: 1 pm, Friday, November 1st 

Open the file HousingBubble.xlxs.  It contains data with respect to house features, assessments and selling prices, before the 2008 housing bubble and afterwards.  In 2008, there was a collapse of the housing industry in the USA that triggered a financial crisis that spread around the world.  People could no longer pay their mortgages.  As a result, there was a surplus of housing that was for sale and prices became depressed.  I do not know the exact source of this dataset.  It was provided by a US publisher.  I believe that the data is authentic.
For each house we are given data with respect to the size of the home, the number of bedrooms, bathrooms and other rooms, and the size of the deck or garage, if there is one.  We are given the age of the home as well as an indicator of whether the house is in particularly good or poor condition.  Each property has an assessment of the value of the land and of the building.  An assessment is determined by the local town as the basis for assessing property taxes.  It reflects the estimate of what the property should sell for if offered for sale.  We are also given the selling price.  The selling price is what the property actually sold for, whereas the assessment is what the town thought it was worth.
It is interesting that we have assessments for both the property and the building, separately.  In Nova Scotia, they only assess the combined value since you cannot sell one without the other.  In the US, states collect most of their taxes from property taxes and not income taxes.  In Canada, provinces collect income taxes and only towns/cities can collect property taxes (and not income taxes).  Both countries have their issues with respect to how local governments can fund their services, but taxes drives what services can be offered and no one wants to be taxed.  Regardless, assessment of property values is beyond the scope of this assignment but it is one that is a perfect example of Value Estimation.
How does the town assess property?  This is a value estimation problem.  The town knows what properties have sold for.  It also knows the size of the land and the size of the building and the size of any garage.  They may also have records on how previous owners have used a home in terms of the number of rooms, bedrooms, and bathrooms.  However, the current owners may have made modifications.  Although homeowners often need a building permit from the town to make changes, this does not always happen and the information may not be given to the assessment office.
To make assessments of all properties in a town, every year would be impossible if you had individuals go and look at each property.  They would likely use a model.  If the model gives an assessment that the property owner thinks is too high, this person will complain – a high assessment will mean high taxes.  So, the model needs to be reasonably accurate.
When a property is offered for sale, the owner usually uses an agent who gives an estimate of the selling price.  The agent does a physical examination of the property, so would have more information than is used in an assessment.  The agent also has the town’s assessment.
The questions that follow look at how we might build models for determining assessments and for estimating selling prices.  We will also look at how the 2008 housing crisis affected the models.

Excel requires that variables selected for Correlation or X variables used in Regression must be adjacent (beside) one another.  For the questions below, in many cases you will be selecting a set of variables that are not clustered together.  I strongly recommend that for each question, you select the variables that you will need and then copy them to a new sheet.  Have a separate sheet for each question.  You can rename sheets 1, 2, 3a,… so that you can keep track of which sheet is for which question.
1. The only variable we have that describes the land the house is built on is the size of the lot (acres).  Using the pre-2008 data, make a scatterplot of the Land Value (vertical axis) versus the size of the lot (acres) (horizontal axis).   Comment on the scatter plot.  Do you think you could make accurate predictions of Land Values?  Would accuracy be similar for different sized lots?
2. As noted above, property assessments should reflect the value of a home (land and buildings).  The best measure of “value” is the selling price.  
a. Make a scatterplot of selling price versus total assessment.  To get Price on the vertical axis it is easiest if you move the price column to the right of total assessment.
b. Find the coefficient of correlation between total assessment and price.
c. Construct a simple linear regression model to predict price based upon the total assessment.  Write out the estimated regression equation.
d. Explain what the intercept represents in this equation.  
e. Explain what the slope represents in this equation.
f. Based upon your answers to d and e, do you think that, on average, the assessments over estimate value or under estimate value or do they sometimes are under and sometimes over?  
g. What should the intercept and slope be if on average the assessments are neither too high nor too low.  Note that due to randomness, there will be differences between prices for homes with the same assessment.  The line reflects the average.
h. The standard error reflects the standard deviation of the differences between actual and predicted price (the error in model predictions).  By the Empirical Rule, how large a difference should we expect to see 68% of the time?
3. The total assessment is likely based upon the acres, above space, basement, deck, car and age (those variables that the town may have accurate data on).
a. Find the correlations among these variables.  Excel requires that variables be in adjacent columns, so it is recommended that you copy these variables to a new sheet and then find the correlations.  
b. [bookmark: _GoBack]Make a scatterplot of assessment with the variable that has the highest correlation with assessment.  Would you have confidence in making predictions based only on this variable?
c. Individually, the correlations may not be very high, but taken together, they may be useful in predicting total assessment.  Build a regression model that uses all of these variables.  What is the equation of the model?
d. The coefficient for Age is negative.  What does its value tell you?
e. If a homeowner was considering adding a 300 square foot deck to their home, how much would you expect the assessment to increase?  This summer I built a cottage.  The view is amazing so I asked the contractor to add a 600 square foot deck, for which he charged me $11,000.  If this model was appropriate, was this a good financial investment?  The view was worth it so I don’t care.
f. How much might you expect your estimate of the assessment to be off from the actual 68% of the time?
4. Suppose you are a real estate agent and you wished to build a model to predict the selling price.  
a. Construct a regression model that used only acres, above space, basement, deck, car and age to predict price (that is, the same as was used for assessment).  What is the equation of the model?
b. Do these variables predict selling price as well as they predicted assessment?  Explain.
c. The agent will have access to information about how space is used (bathrooms, bedrooms, …).  Add these variables to your model but do not include the indicator variables (AC and condition) and recalculate the regression equation.  Is the model significantly better?  Comment on R-Square and standard error.
d. The data set includes data on several indicator variables (air conditioned Y/N, good condition Y/N and poor condition Y/N).  Although these are nominal variables, when coded 0/1 as they are in this data set, we can add them to the model.  Do this and recalculate.  What is the penalty of having a home in “bad condition”?  What is the benefit of being in “good condition”?  Note that some homes were classed as neith good nor bad condition.
e. As measured by standard error, what has been the improvement (reduction in error) in c and d compared with the initial model in a?
f. Your model still has not predicted price as well as was done just using the assessment in question 2.  But can we improve upon the assessment prediction by including all of the variables we used in d?  Recalculate the model using everything.  What is the standard error?
g. The model in f has many redundant variables.  Almost all of the features of the property are reflected in the assessment.  If you look at the P-values in the regression output, you will find that many are greater than 0.10 suggesting that these variables contribute no information.  Particular exceptions are the indicators of good and poor condition.  Recalculate the model with just the assessment, poor and good condition as predictors of price.  What is the equation of the model?  
h. How does this compare to your answer in f?  If the results are better, then there is more information in property features than is captured in the assessment, excluding the condition of the property.  Is there any new information?
5. We have data on homes after the 2008 housing crisis.  The crisis may not have affected assessments (yet) but it has affected prices.  Look at the model that you used in 4d that used property features, including condition, to predict selling price.
a. Find the equation of the regression line for the post-crisis properties.
b. Is your new model as good, better or worse than the one we had pre-crisis?
c. The intercept reflects the base price, regardless of the property qualities.  A decrease in the intercept means that all properties post-crisis have experienced an average  decrease in value of this amount.  What has been the average impact of the crisis?
d. One might expect that the crisis decreased values not by a fixed amount, but by a percentage.  In this case, we should have seen decreases in most or all of the coefficients of the variables.  Did this happen?
e. The coefficients are only estimates since they are based upon just a sample of homes.  1,000 or 2,000 homes may seem like a lot, but we are still dealing with estimates.  In the regression output table, beside the coefficients is a column labelled “standard error”.  These values give us an indication of how much the estimates might change if we took another sample.  Make a table of the coefficients before and after, and the standard errors before and after.  Recognizing that a change that is less than either standard error could just be due to accuracy of our estimates, do any variables stand out as being affected by the crisis?  Many statisticians would take exception to what I have asked you to consider, but this is the “quick and dirty” approach to seeing if there are important changes.  Anything you miss with this approach is likely very subtle and will not affect important decisions.  Managers must choose what issues warrant their attention and action.  There are many problems, but you do not have time to deal with all of them.
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