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Introduction 

 
 

REITs (Real Estate Investment Trusts) own approximately $3.5 trillion in gross real estate 

assets, with more than $2 trillion of that total from public listed and non-listed REITs and 

the remainder from privately held REITs. The economic and investment impact of those 

assets is felt by millions of Americans all across the country. REITs focus on income-

producing and highly appreciating commercial and residential real estate in order to provide 

high returns to their investors.  

 

REITs assess several factors for determining the true value and the future growth potential 

of the investment properties. Investment decisions are made based on the outcomes of the 

research and analysis of the factors influencing the returns on the investment. 

 

In the journey to model housing prices, two approaches have been widely used. The first 

approach is the monocentric model which assumes that the housing price is a function of its 

proximity to a single employment center or workplace. The relative housing prices then 

reflect the relative savings in commuting costs associated with different locations.  

However, unlike other consumer goods, the housing market is unique because it manifests 

the characteristics of durability, heterogeneity, and spatial fixity. Thus, to model this 

differentiation effectively, the second approach of the hedonic price model has been 

introduced. The hedonic price model posits that goods are typically sold as a package of 

inherent attributes (Rosen 1974). Therefore, the price of one house relative to another will 

differ with the additional unit of the different attributes inherent in one house relative to 

another house. The relative price of a house is then the summation of all its marginal or 

implicit prices estimated through the regression analysis. The hedonic price model, derived 
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from Lancaster’s (1966) consumer theory and Rosen’s theoretical (1974) model, has been 

used extensively in the scientific investigation of various aspects of housing markets.  

 

Most of the previous researches used regression analysis and were mainly focused on the 

structural, locational and neighborhood factors and their impact on housing prices. Studies 

have revealed that the number of rooms and bedrooms (Fletcher, et al. 2000; Li & Brown 

1980), the number of bathrooms (Garrod & Willis 1992; Linneman 1980), and the floor area 

(Carroll, Clauretie, & Jensen 1996; Rodriguez & Sirmans 1994) are positively related to the 

sale price of houses. This is because buyers are willing to pay more for more functional 

space. Researchers also proved that building age is negatively related to property prices 

(Clark & Herrin 2000; Kain & Quigley 1970). Ketkar (1992) observed that whites in New 

Jersey tended to be sensitive about the proportion of non-whites in their neighborhood. 

Proximity to shopping centers and the size of shopping centers have both been found to 

exert an influence on the value of the surrounding residential properties (Des Rosiers, et al. 

1996). 

 

While all the factors determined in the previous researches have a significant influence on 

the housing prices and the expected future return on the investments, the research of the 

state graduation attainment level factor and its impact on housing prices has not been 

studied earlier.  

 

This research will utilize ANOVA to analyze the impact of the state graduation attainment 

levels on the housing prices. The contribution of this research to the field of Data Analytics 

is to explore whether the graduation attainment levels of the states lead to a significant 

statistical difference in housing prices which will help the Real Estate Investment Trusts to 

make informed property investment decisions by considering the state graduation 
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attainment level as one of the factors for identifying and investing in properties in the states 

that offer a possibility of higher real estate price appreciation. 

 

The state graduation attainment level is selected for analysis as it may be an indicator of 

the availability of high paying job opportunities and lower unemployment rates in the state 

leading to higher housing prices due to higher affordability.  

 

Research Question 

 
This analysis aims to answer this research question – “Is there a statistical difference in 

mean housing prices based on the graduation attainment levels of the states?” 

 
The following are the Hypothesis for this analysis:  

(Null) H0: There is no statistical difference in mean housing prices based on the graduation 

attainment levels of the states  

(Alternate) H1: There is a significant statistical difference in mean housing prices based on 

the graduation attainment levels of the states  

 

Data Collection 

The graduation attainment levels of all the US states and the mean housing prices across all 

major cities in US for the year 2019 are required for this analysis. Data for this analysis 

comes from two sources. The data for graduation attainment level is available in 

data.ers.usda.gov and the mean housing prices across major cities are available in the 

online real estate marketplace company www.zillow.com. The data is available for public 

use. 
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The data from https://data.ers.usda.gov/reports.aspx?ID=17829 includes the following 

variables for state name and the graduation rate for all US states: 

  

Field Type Dependency Type 

State Categorical Independent 

Graduation Rate Continuous Independent 

 
 
The data from www.zillow.com contains 27000 records with the following variables of State, 

County, City and the target variable of mean housing price for 27000 cities across all US 

states for multiple years and months including September 2019. 

 

Field Type Dependency Type 

State Name Categorical Independent 

County Categorical Independent 

City Categorical Independent 

Mean House Price Continuous Dependent 

 
Across the country, home sales are recorded by county governments and reported to 

Internet Data Exchange (IDX) through third-party data providers. Real estate agents also 

update the home sale price data into the Multiple listing service (MLS) database which in 

turn updates the data in IDX (mlslistings.com, 2021). This is publicly available data and 

Zillow receives the data feed from Internet Data Exchange (IDX) (Zillow, 2021). Zillow 

provides an easier interface to obtain the data in a single platform. Zillow receives price 

history information from a data feed provided by the MLS or the county government 

through third-party data providers. While Zillow can edit and/or remove erroneous sales 

data, it is not able to manually add sales data that has not been reported publicly. The 

accuracy of the data depends on the data reported by the county and the third-party data 

providers. 
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Data Extraction and Preparation 

 

The data from the two data sources will be merged into one final dataset for analysis. 

Python programming language is used for the analysis as it contains an array of packages to 

perform statistical analysis and machine learning with very few lines of code with a 

relatively simpler and readable syntax. 

 

The data for the mean housing prices across 27000 major cities will be programmatically 

downloaded using the API made available by the online real estate marketplace company 

www.zillow.com. Any entries that have missing inputs for the variable of mean housing 

prices will be removed as the number of cases with missing data are negligible and will not 

impact the analysis (Kang, 2013). 

 

The state graduation rate data is manually extracted from the 

https://data.ers.usda.gov/reports.aspx?ID=17829 website and saved to a local directory in 

the computer. The conversion of the continuous variable to categorical variable is required 

to perform the ANOVA analysis (DeCostera, et al.  2011). The graduation rate for each of 

the states will be converted to a categorical variable called graduation attainment levels 

based on the below ranges: 

 

State 
Graduation Rate 

Graduation 
Attainment Level 

0% to 20% LOW 

21% to 40% MEDIUM 

41% to 100% HIGH 
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Before converting the graduation rate to the above-mentioned categories, some cleanup 

would be required to remove unwanted characters and the data type of the column needs to 

be converted from string to float.  

As the first step, all the libraries required for the data collection, preparation and analysis 

will be imported into the jupyter notebook environment. 

 

Once the required libraries are imported, then pandas read_csv method will be used to read 

the state graduation rate data and the basic information about the dataset and all the fields 

will be printed for a quick review of the available fields and to ensure that there are no 

missing values in the dataset. 

As shown in the below screenshot, the data for 52 states are present in the dataset and 

there are no missing values in the field ‘State_Graduation_Rate’: 
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As can be seen in the above screenshot, the ‘State_Graduation_Rate’ is a string type object. 

This field will be converted to float to use the pandas numeric functions to perform the 

transformation. 

The data presented in this dataset is printed for quick review. 
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The graduation data will now be cleaned and converted to the type float: 

 

The basic statistics for the dataset are printed to review the range, high and low values and 

the mean of the graduation rates. 
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Now the continuous variable ‘State_Graduation_Rate’ will be converted into a categorical 

variable and stored in a new field ‘Grad_Attainment_Level’ based on the previously 

discussed ranges using the pandas cut method: 

 

A sample of the converted data is printed below for a quick review: 

 

The graduation data is now ready to join with the housing price data from Zillow.  
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The second dataset required for the analysis is the housing price data across all major cities 

across the United States. The data is manually downloaded from the www.zillow.com API 

and stored in a local drive for data transformation and analysis. 

Pandas read_csv method will be used to read the Zillow home price data. The basic 

information about the dataset and the fields are printed for a quick review of the available 

fields. 
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The dataset is pretty extensive and contains several fields for multiple years and quarters of 

home prices. As mentioned previously, the data for September 2019 is required for this 

analysis. A new dataset is created with the fields required for the analysis and the basic 

information for the new dataset is printed for review: 
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The ‘Home_Price’ column is checked for the presence of any missing or null values. As can 

be seen in the below screenshot, all the values are present: 
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MERGE the two datasets: 

 The two datasets will be joined using state code as the common key to create a new 

dataframe with all the fields required for the analysis: 
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The new dataframe ‘df’ contains the data from both datasets. The data in ‘df’ belongs to one 

of the 3 categories (LOW, MEDIUM, HIGH) - 

 

 

A boxplot is generated to review the data distribution of data by Graduation Attainment 

Level.  Boxplot helps to easily detect the differences in means between different Graduation 

Attainment Levels: 
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As we can see in the above boxplots, the mean home prices are slightly higher for the 

states with HIGH graduation attainment level.  
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Analysis 

ANOVA analysis will be performed to answer the below mentioned research question. ANOVA or 

Analysis of Variance is a statistical test that assumes that the mean across 2 or more groups is equal. If 

the results don’t support the assumption, then the null hypothesis is rejected and the alternate 

hypothesis is accepted. The test will only determine whether the mean home prices are the same or not 

across the different groups of ‘Graduation Attainment Level’; it cannot determine which groups are 

different or by how much. 

The purpose of a one-way analysis of variance (one-way ANOVA) is to compare the means of two or 

more groups (the independent variable) on one dependent variable to see if the group means are 

significantly different from each other (Urdan, 2010). 

Research Question: “Is there a statistical difference in mean housing prices based on the 

graduation attainment levels of the states?” 

Hypothesis Testing 

(Null) H0: There is no statistical difference in mean housing prices based on the 

graduation attainment levels of the states 

(Alternate) H1: There is a significant statistical difference in mean housing prices 

based on the graduation attainment levels of the states 

The stats method from the SciPy library is used to perform the ANOVA analysis. Since there 

is only one categorical predictor variable and one continuous outcome variable, one-way 

ANOVA will be performed. 
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Interpretation of the results 

 

Results from the above analysis clearly show that the p-value obtained from ANOVA is 

significant (p < 0.05), and therefore, we conclude that there are significant differences in 

home prices based on the graduation attainment levels.  

 
The same results can be achieved using the statsmodel library (shown below). 
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Data Summary and Implications 

 
One-way ANOVA analysis was performed to assess whether there is a statistical difference 

in mean housing prices based on the graduation attainment level of the states. The outcome 

of the analysis proved that the graduation attainment levels of the states significantly 

influence the home prices. Real Estate Investment Trusts can make investment decisions 

based on the findings of this study.  

The limitation of this research is that it proves that the home prices vary based on the 

states’ graduation attainment levels, but it doesn’t determine which groups are different and by 

how much.  

One recommendation for a future course of action is to expand this study to perform a posthoc analysis 

to determine which groups are different and also join additional housing market variables to perform a 

regression analysis to quantify the variations in home prices across the states. The study can be further 
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expanded to a more granular level by performing the analysis at the county or city level to get more 

actionable insights for making investment decisions. 
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