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Abstract

The relationship between a child’s language abilities and other variables to the child’s neighbourhood was examined.  Exploratory regression was used to determine the most important variables to use in the geographically weighted regression (GWR) analysis.  With those determined variables, generalized linear regression (GLR) was performed to calculate the statistics correlated with the variables.  Then GWR was conducted to examine the spatial relationships with the variables.  Box-plots were then generated after using a spatially constrained multivariate clustering analysis tool.  It should be noted that the variables explored may not necessarily accurately predict a child’s learning skills.  Statistical analyses may not necessarily reflect real-life situations and individual behavior.

Geographically Weighted Regression (GWR)
Exploratory regression was used to analyze different combinations of explanatory variables to find the best variables for use in the GWR analysis.  The first group of variables analyzed were ESL (if English is the child’s second language), ESL_EA (percentage of the neighbourhood that does not speak English or French as a first language), Fam4 (percentage of neighbourhood families with four or more people), Gender (gender of the child), Income1000 (average income in the neighbourhood divided by 1000), LoneParent (percentage of the neighbourhood families that are lone parents) and RecImmig(percentage of the neighbourhood immigrants that are recent immigrants).  The most important variables were found to be Gender, ESL, LoneParent, RecImmig and Income1000.  After running the exploratory regression analysis tool again, and including Soc_sc (child’s social skills), the best variables to use in the GWR were found to be ESL, Soc_sc, LoneParent, RecImmig and Income1000.

GLR is used create predictions in regards to the relationship between different variables.  The model type used was continuous (Gaussian), which performs an ordinary least squares (OLS) regression, as the dependent variable (Lang_sc, language abilities) can take on a wide range of values.  The explanatory variables used were the five variables found to be the most important in the exploratory regression (ESL, Soc_sc, LoneParent, RecImmig and Income1000).

GWR is a tool used to examine spatial relationships among variables and for every feature in the dataset, it constructs a local regression equation.  In the analysis, a continuous Gaussian model type was used to conduct the regression as the dependent variable of Lang_sc can take on a wide range of values.  Soc_sc, ESL, LoneParent, RecImmig, and Income1000 were used as explanatory variables in the model.  The neighbourhood type was the number of neighbours, which was the 250 closest number of neighbours to consider for each feature.  The bisquare local weighting scheme used means that the weight of the surrounding features drops as the distance from the regression feature grows.  Features are not included past a certain distance, so those features won’t affect the results of the regression.

Spatially constrained multivariate clustering tool determines spatially adjacent clusters of features.  As the EAs (enumeration areas) should be grouped into neighbourhoods, EAplus was used in the analysis as the input feature.  EAplus has EAs with suppressed data removed as EAs with $0 income are excluded from the analysis.  The analysis fields used to distinguish clusters from each other were Childcare (percentage of families that spent thirty hours or more on childcare), Fam4, LoneParent, RecImmig and Income (average income in the neighbourhood).

GWR Results

Looking at the GWR map, there appear to be more dark blue points (< 2.5 standard deviation) to the right of Main Street compared to the left of Main Street.  In the results, the R-squared value measures the goodness of the fit.  This value is found to be 0.4815, where 1 is a better fit and 0 is a worse fit. The local R-squared values show if the local regression model fits the observed values well.  Points of strong correlation appear in the east side of Vancouver, north Downtown, just east of Kitsilano and south Dunbar.  This shows that the local model is performing well.  Points of medium correlation may be found in the Dunbar area, central Vancouver, southeast Vancouver and northeast Vancouver.  This represents the locations where the GWR model worked moderately well.  Points of low correlation can be seen in the downtown eastside, UBC, West Point Grey and south Vancouver (including the Kerrisdale-Oakridge area).  This is where the GWR model did not perform as well.

Looking at the GLR map, there appear to be more dark blue points (< 2.5 standard deviation) to the right of Main Street compared to the left of Main Street.  In the ESL status map, it shows low values in the west of Vancouver and high values around False Creek.  In the Income1000 map, it shows low values in the west of Vancouver and high values just south of the Downtown Eastside.  In the LoneParent map, it shows low values around the Downtown Eastside and high values around Dunbar Street and Knight Street and just to the east of the Downtown Eastside.  In the RecImmig map, it shows patches of low values in the west, south and east of Vancouver.  There are high values just south of the Downtown Eastside.  In the Soc_sc map, it shows low values in the west of Vancouver and around the Downtown Eastside.  There are high values in the southeast of Vancouver.

The spatial clustering analysis map shows five groups.  These areas include the west side of Vancouver, the east side of Vancouver, Granville Island, the Kitsilano area and the downtown area.  The west side of Vancouver is characterized by higher income immigrant families.  The east side of Vancouver generally has low income immigrants.  Granville Island is typically comprised of high income, non-immigrant lone parents.  The Kitsilano area is generally comprised of average income non-immigrants.  The downtown area is typically composed of lower income immigrants.

	OLS Parameter
	GWR Parameter Ranges

	ESL
	-2.18 to 10.99

	Income1000
	-0.37 to 2.14

	LoneParent
	-1.79 to 2.00

	RecImmig
	-0.21 to 0.37

	Soc_sc
	0.44 to 0.88
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Spatial Clustering
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GWR in Different Contexts
GWR may be used in examining data of various disciplines in order to model spatial relationships.  For example, one may find such analyses in the fields of urbanization, ecology, transportation, environmental science, healthcare, economics and more.

Gutiérrez-Posada, Rubiera-Morollon and Viñuela (2017) used GWR analysis to look at population growth in Spain from 1991 to 2001 and from 2001 to 2011.  Spain underwent great economic growth followed by great population growth during the study periods and the authors focused on the spatial unit of the local labour market, or LLM (Gutiérrez-Posada, Rubiera-Morollon & Viñuela 2017).  The authors’ growth model included socioeconomic, geo-structural and climatic parameters such as education level, employment rate, rainfall and temperature (Gutiérrez-Posada, Rubiera-Morollon & Viñuela 2017).  The authors found that Mediterranean Spain experienced population growth even in unfavourable initial conditions and did not depend as much on ecological and sociological parameters (Gutiérrez-Posada, Rubiera-Morollon & Viñuela 2017).  Studies like this will help contribute to management strategies like the EU Cohesion Policy (Gutiérrez-Posada, Rubiera-Morollon & Viñuela 2017).
Mohammadinia, Saeidian, Pradhan and Ghaemi (2019) used GWR to model and determine the spatial distribution of leptospirosis, a tropical and sub-tropical bacterial infection, in Gilan, a province in the north of Iran.  The authors looked at environmental variables like precipitation, temperature, humidity, elevation and vegetation and found that the optimal habitat of the leptospira bacteria is in the central rural areas of Gilan (Mohammadinia, Saeidian, Pradhan & Ghaemi 2019).  More research may be conducted in the area by looking at other variables, such as socioepidemiologic ones (Mohammadinia, Saeidian, Pradhan & Ghaemi 2019).

Tang, Gao, Liu, Zhang and Qi (2019) travel by taxis in New York City to understand urban transportation trends.  They looked at parameters like road density, subway accessibility, Uber vehicles, points of interest, commercial areas, taxi-related accidents and commuting time in order to conduct a GWR analysis (Tang, Gao, Liu, Zhang & Qi 2019).  The authors found that taxi travel tended to be used in certain areas or for certain purposes, such as in Manhattan and Queens or for weekend shopping and weekday business trips (Tang, Gao, Liu, Zhang & Qi 2019).  Studies of urban transportation like this one prove to be significant for transit policies and strategies (Tang, Gao, Liu, Zhang & Qi 2019).

Xiao, Lang and Christakos (2018) combined GWR analysis with Bayesian Maximum Entropy (BME) theory in order to predict PM2.5 concentrations in China over space and time.  The authors found that areas around China’s northern coast and inland showed a pattern of extreme PM2.5 levels (Xiao, Lang & Christakos 2018).  This revelation is important as air pollution is correlated with respiratory, heart and lung health issues (Xiao, Lang & Christakos 2018).
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