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Defining 
Liveability

Reference: 
https://pages.eiu.com/rs/753-RIQ-438/images/global-liveability-index-2021-free-report.pdf?mkt_tok=NzUzL
VJJUS00MzgAAAF9j-2A_8m7fB1aWnNABQKZ8QzBzVbqAs9mVmESiJFHj7htFqi7PKlJbMaV_7rpgGNfvBuK
EGs4Xn7DRxe5it5dGGJqofkPmLMUAOqwIYIoYp4hUg 

● Rating constructed based on “The 
Economist’s” Global Liveability Index 
2021 

● Neighbourhood liveability scores 
constructed with 5 weighted categories:
○ Stability (25%)
○ Healthcare (20%)
○ Education (10%)
○ Infrastructure (20%)
○ Culture and Environment (25%)

https://pages.eiu.com/rs/753-RIQ-438/images/global-liveability-index-2021-free-report.pdf?mkt_tok=NzUzLVJJUS00MzgAAAF9j-2A_8m7fB1aWnNABQKZ8QzBzVbqAs9mVmESiJFHj7htFqi7PKlJbMaV_7rpgGNfvBuKEGs4Xn7DRxe5it5dGGJqofkPmLMUAOqwIYIoYp4hUg
https://pages.eiu.com/rs/753-RIQ-438/images/global-liveability-index-2021-free-report.pdf?mkt_tok=NzUzLVJJUS00MzgAAAF9j-2A_8m7fB1aWnNABQKZ8QzBzVbqAs9mVmESiJFHj7htFqi7PKlJbMaV_7rpgGNfvBuKEGs4Xn7DRxe5it5dGGJqofkPmLMUAOqwIYIoYp4hUg
https://pages.eiu.com/rs/753-RIQ-438/images/global-liveability-index-2021-free-report.pdf?mkt_tok=NzUzLVJJUS00MzgAAAF9j-2A_8m7fB1aWnNABQKZ8QzBzVbqAs9mVmESiJFHj7htFqi7PKlJbMaV_7rpgGNfvBuKEGs4Xn7DRxe5it5dGGJqofkPmLMUAOqwIYIoYp4hUg


Methodology



Defining 
Liveability: 
Open Data

● Stability (25%)

○ Petty and violent crime 

rates

● Healthcare (20%)

○ COVID-19 Vaccination 

and testing Sites

○ Mental health facilities

○ Healthcare providers 

○ Premature mortality 

rates

● Education (10%)

○ Youth and adult 

education support 

centres

● Infrastructure (20%)

○ Water main breaks

○ Social housing

○ Walking score

● Culture & Environment 

(25%)

○ Youth recreation 

centres

○ Cultural spaces

○ Places of worship

○ Green space count





Clustering and 
Two Sample 
T-Test

● Clearly most neighbourhoods are darker, with some 
neighbourhoods having lighter colours

○ Cursory visual evidence of possible nesting structure
● Fit k-means model to differentiate 

○ k=2 
○ Examine scores in possible nesting structure

■ Cluster 1 - Higher liveability scores
■ Cluster 2 - Lower liveability scores

● Performed two sample t-test to gather evidence of 
approach appropriateness

○ p-value<2.2·10-16

○ T-statistic = 12.50101
○ df = 54.25
○ Sample estimates

■ Mean of Cluster 1 = 47.86
■ Mean of Cluster 2 = 40.03



Defining 
Liveability: 

2016 Statistics 
Canada Census

● Age
● Gender
● Income
● Education
● Ethnic Origin
● Language
● Employment



Evidence of Multicollinearity - VIF

● Used common rule of VIF>10 as evidence of strong multicollinearity 
● Most covariates had extremely high VIF values 

○ Total Visible Minority: 262693.7
○ Employed: 125686.4
○ Working Age (25 - 54 years): 49817

● Strong evidence of multicollinearity hurts analysis
○ A “full model” using all available covariates isn’t meaningful 

● Must choose covariates meaningfully
○ Arrived at analysing income levels + education levels
○ Meaningful for prospective immigrants 



How does income 
and education level 
relate to liveability 
scores across Toronto 
and within higher & 
lower liveability 
neighbourhoods? 



Linear Model and 
Linear Mixed Model 
Regression Analysis



Assumptions

● For every linear model constructed, the following assumptions are revised:
○ Linearity

○ Homoscedasticity

○ Independence

○ Normality

● For every linear mixed model constructed, the following assumptions are 
revised:
○ Continuous response variable

○ Independence

○ Normality

○ Homoscedasticity

○ Normality of random effect



Cluster 1: Income and Education



Cluster 2: Income and Education



City of Toronto: Income and Education*

*Random intercept on liveability cluster



Conclusion



Overall 
Findings

● $90k and over income bracket was 
significant in the positive direction in both 
clusters and at the city level.

● Contrarily, in the lower liveability scores 
cluster, the $50k-$89.9k bracket was 
significant in the negative direction and 
find $25k-$49.9k bracket has a positive 
association.

○ $50-89.9k bracket may be a “mobility ceiling” 
for immigrants 



Limitations 
and Next 
Steps

● Limitations
○ All datasets were the most recent and openly 

available from OpenDataToronto.
○ Confounders

● Next Steps
○ Examine individual neighbourhoods and 

condition education on other covariates.
○ Advise City of Toronto to look into possible 

gentrification of city and policy remedies.
■ Logistic modelling

○ Performing the same analysis on a country 
level.



Appendix



Linear Assumption plots
Cluster 1 (Higher Liveability): Income and Education



Linear Assumption plots
Cluster 2 (Lower Liveability): Income and Education



Linear Assumption plots
City of Toronto: Income and Education*


