
Big Data Machine Learning WoW Portfolio Piece: Boston House Prices Regression 

Group 16: Yiqun Hu, Junru He 

 

BLUF  

▪ Business Problem 

This paper investigates several potential factors that may contribute to the value of owner-occupied 

homes. Purchasing a home is still one of the most significant expenditures that people make. Our study is 

to predict house selling values in Boston using a variety of residential property factors. Individuals may 

be able to use the information gathered to assist them in making better selections when purchasing a 

home. This allows consumers to make the most of their money while staying within their financial 

constraints. The findings could be used by a real estate agent to increase the likelihood of a sale by 

correctly marketing key features. We'd focus on descriptive and predictive analytics, as well as 

suggestions for obtaining more data so that additional tests could be run to optimize the purchase.  

▪ Dataset 

The dataset for this project was provided by Kaggle was come up with 14 variables in 506 records. The 

attribute information input features are as follows: 1) CRIM: per capita crime rate by town; 2) ZN: 

proportion of residential land zoned for lots over 25,000 sq.ft.; 3) INDUS: proportion of non-retail 

business acres per town; 4) CHAS: Charles River dummy variable (1 if tract bounds river; 0 otherwise); 

5) NOX: nitric oxides concentration (parts per 10 million) [parts/10M]; 6) RM: average number of rooms 

per dwelling; 7) AGE: proportion of owner-occupied units built prior to 1940; 8) DIS: weighted distances 

to five Boston employment centers; 9) RAD: index of accessibility to radial highways; 10) TAX: full-

value property-tax rate per 10,000[/10k]; 11) PTRATIO: pupil-teacher ratio by town; 12) B: The result of 

the equation B=1000(Bk - 0.63)^2 where Bk is the proportion of blacks by town; 13) LSTAT: % lower 

status of the population.  

The output variable is MEDV: Median value of owner-occupied homes in 1000′s[k]. 

▪ Final Recommendation 

Using two regressors (the Random Forest Regressor and XGB Regressor), we find lower status of the 

population (LSTAT) is a significant driver of real estate value in Boston. Number of rooms and 

Crime Rate are also important, with price decreasing, respectively increasing with Nitric Oxides 

Concentration, respectively CHAS. The results of the two models are very similar, XGB regressor has 

a better performance. But there are some discrepancies in the explain ability analysis of them. 

 

Analysis 

▪ EDA 

Firstly, we run the EDA to check the shape and summary of the dataset. Then check the skewness and 

kurtosis. We find out that CRIM has both high skewness and kurtosis, further skewness correction 

needed in the data preprocessing stage. Correlation and covariance matrix can tell the relationship 

between each variable.   



 

 

 

 

 

 

 

 

 

 

 

There is no missing value and duplicates in this dataset, so imputation or drop data are not required.  

 

▪ Data Preprocess 

Based on the EDA results, all variables in this Boston house price dataset are numerical variables, 

thus, dummy encoding is also no need to implement. Then, we use the Skewness Auto Transform 

function to do the skewness correction for all the variables. Here is an example variable CRIM 

contrast before and after skewness correction (CRIM skewness: 5.22). Meanwhile, Tukey rule is used 

to deal with outliers. 

 

▪ Regression 

The next step is scaling & holdout out the sample splitting the dataset into a training set and testing 

set on an 80-20 proportion. The shape of X and y are (506, 13), (506, 1); the shape of training set and 

test set are (404, 14), (102, 14) respectively. After split the dataset, we do the standardization, Grid 

Search a Random Forest, and fit Random Forest Regressor on holdout sample. Find out that LSTAT 

is the most important variable. 

 

 

 

 
 

 

 

 

 

 

 



 

o Random Forest 

We plot the Partial Dependence, PDP & ICE plots with Random 

Forest Regressor Model. From the plots, there are no significant 

change in the partial dependence plot. 

Additionally, home values appear to generally decline in value 

with LSTAT and increase above a standardized latitude of 

roughly -1. Home values appear to generally increase in value 

with RM and increase above a standardized latitude of roughly 1. 

The latitude story is not compatible with the partial dependence 

plot for ZN, CHAS, RAD and PTTRATIO. The ICE plots do not 

show much separation between the different instances. 

 

 

 

 

 

The LIME indicates LSTAT, RM and TAX have negative relationship with house price, and rest of 

them are positive. 
 
o XGB 

 

In XGB Regressor, LSTAT and RM also are two of the most 

important features. 

We plot the Partial Dependence plots, there are significant 

change in RM between standardized values of roughly -0.5 

and 1. Additionally, home values appear to generally decline 

in value with INDUS, NOX, AGE, TAX and LSTAT.  

 

 

 

 

 



 

Then we plot the decision tree surrogate models for XGB Regressor. 

 

Conclusion 

 

 

Using two regressors (the Random Forest Regressor and XGB Regressor), we find lower status of the 

population (LSTAT) is a significant driver of real estate value in Boston. Number of rooms and Crime 

Rate are also important, with price decreasing, respectively increasing with Nitric Oxides Concentration, 

respectively CHAS. 

Overall, the results of the two models are very similar, XGB regressor has a better performance. But there 

are some discrepancies in the explain ability analysis of them. 

 

Table 2 Random Forest Output Table 1 XGB  Regressor Output 
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