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Abstract. The subjective nature of quality of life, makes it complex to measure the quality of life. 
Among them, finding a few key criteria that affect the quality of life in cities will be the main purpose. 
In this study, a linear regression model was used to predict the numerical relationship between 
population density, bachelor's degree rate and education Gini index, and further Akaike information 
criterion (AIC) and Bayesian information criterion (BIC) were selected to validate and adjust the 
model, and finally F-test was used to compare the initial model with the adjusted model. In addition, 
the random forest algorithm was used to classify the quality of life of each city by population density 
as well as education level to identify the common characteristics of cities with high physical quality 
of life index. Three classification decision trees created using different combinations of population 
density, bachelor's degree rate and education Gini index were used, followed by additional multiple 
decision trees generated by the random forest algorithm. The final results of the receiver operator 
characteristic curve (ROC) curves and confusion matrix of the two sets of decision trees were 
observed and evaluated to stratify the cities. The experimental results show that population density 
has a negative effect on quality of life, while bachelor's degree rate has a positive effect. Although 
the three indicators of population density, bachelor's degree rate and education Gini index cannot 
effectively distinguish the four levels, they can effectively distinguish which cities are not the first 
level. it shows that cities that achieve high education level and low population density are not 
necessarily the cities with the highest quality of life, but those that do not are definitely not. 
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1. Introduction 

Quality of life index is a measure of well-being of a society, which is defined as a person's or a 
community's standard of happiness, comfort, and health. Millions of people in the United States 
relocate to another part of the country every year in search of a better quality of life. However, life 
quality is a subjective notion that each individual defines differently. In the past decades, substantive 
progress has been made in learning how measures of various aspects of life quality interrelate [1]. 
Employment, income level, housing, GDP, inflation, and other characteristics that can be evaluated 
in numbers are utilized in the study area to assess a person's or a society's life quality. Cities have a 
wide range of living qualities, and few key criteria may have a big impact on the measurement of 
quality index.  

In the early field of life quality measurement, there were number of factors used as an evaluation 
of quality-of-life index. They included purchasing power, homicide rate, fulfillment of basic physical 
needs, education rate [2], population density [3] and so on. As for the education rate, the previous 
studies provided evidence that education have a positive effect on human’s well-being. Previous 
research showed that high education input was in hopes of having greater wealth and higher 
consumption power. Yet it has a negative relationship with life satisfaction [4].  

On the other variable was choose, population has more mixed type of research outcomes. Cramer 
et al. [5] and Başkan et al. [6] were the results about how does population density effect people’s life. 
Cramer et al. [5] demonstrated that having a high population density will lead to a high chance have 
mental illness, which can reduce the quality of life. Whereas Başkan et al. [6] indicated that people 
who live in an area with high population density were highly scored in four aspects: physiological, 
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psychosocial, society and environment. There was a confliction of results between the two researches. 
One of them applied the data from developed country -- Australia, and the other applied the data from 
developing country -- Turkey. Therefore, this paper hopes to further study how population density 
affects life quality in several aspects based on the data from America. However, the study was only 
centered on the education effect on income and mental health, but ignored some other impact on 
physical level, such as environment, income level, etc. The reason for this is that people think that 
the most important factor in a high quality of life is happiness, but they forget that the basis for a high 
quality of life is the material aspect. 

In this regard, further research is needed in finding the common characteristics of cities with a high 
quality of life index and providing some advice to government to improve living quality of cities. A 
linear regression model that contains several characteristics was built to find the significant level of 
these factors on the quality-of-life index. Moreover, this study is going to explore more on the side 
effects that the significant factors like education level and population density may have on the aspects 
such as income, environment, mental health, and lead to a result of high life quality. 

2. Datasets and Methods 

2.1 Data sources and selection 

To quantify the life standard for each city, a quality-of-life index form NUMBEO website was 
introduced into this paper [7], which comprehensively includes physical influential factors, such as 
purchasing power index 𝑋ଵ, property price to income ratio 𝑋ଶ, cost of living index 𝑋ଷ, safety index 𝑋ସ, 
health care index 𝑋ହ, traffic commute time index 𝑋଺, pollution index 𝑋଻, and climate index 𝑋଼. The 
formular can be found in equation (1), which indicates purchasing power, safety, health care and 
environment are positive related with quality-of-life index and property price to income ratio, cost of 
living, traffic commute time and pollution are the reverse.  

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑙𝑖𝑓𝑒 𝐼𝑛𝑑𝑒𝑥 ൌ 100 ൅ ௫భ

ଶ.ହ
െ 𝑥ଶ െ ௫య

ଵ଴
൅ ௫ర

ଶ.଴
൅ ௫ఱ

ଶ.ହ
െ ௫ల

ଶ.଴
െ ଶ.଴∗௫ళ

ଷ.଴
൅ ௫ఴ

ଷ.଴
     (1) 

Purchasing power index and cost of living index are ratio referring to New York city as base, 
which considering the money purchasing power and life expenses containing groceries, transportation, 
and utilities. Property price to income ratio presents the level of average income, house price and 
mortgage. Other five money unrelated index, safety, health care, traffic commute time, pollution, and 
environment, are constructed based on surveys result from NUMBEO website visitors. 

 Population density is an objective statistic and collected from World Population Review website 
with unit people counted per mile square [8]. Unlike population density, education level doesn’t have 
official index to measure. Thus, this article used bachelor’s degree rate for over 25 years old people 
and education Gini index from City-Data website to instead [9]. The bachelor’s degree rate can state 
general adult citizens’ education reception, the major class related with quantify the life studying 
object, and education Gini index quantifies the inequality in education. 

2.2 Set cities quality-of-life categories 

In city screening process, a restriction of minimum population (over 100,000 resident) is 
established because the analysis target are cities. Small towns or villages with less population more 
inclined to be outliers due to tiny sample size more susceptible to extreme observation. Missing index 
values form NUMBEO website cannot replace with simple default values since it will affect the 
outcome of the models. The data set omitted all cities with blank terms and remained 117 observations 
divided into four categories, level one to level four, according to the four quantiles of the quality-of-
life index, with level one representing the highest class and level four in converse. 

2.3 Methods 

In this study, the association between education, population density and physical quality of life 
was analyzed via two main methods: linear regression model and random forest algorithm. The linear 
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regression model primarily focuses on the numerical relationship between response variable and 
predicting variable population density, bachelor’s degree rate and education Gini index. To validate 
models, the four assumptions of linear regression model, linearity, homoscedasticity, independence, 
and normality are diagnosed, and Akaike information criterion (AIC) and Bayesian information 
criterion (BIC) was implemented in stepwise selection for choosing variable process. AIC is an 
estimator of prediction error and reflect relative quality of statistical models for a given set of data. 
Bayesian information criterion BIC is a criterion for model selection which is related to AIC. And R-
squared is used to measure the representation of proportion of the variance for a dependent variable 
that’s explained by predictors in the model. And the model with smaller AIC, BIC and larger R 
squared is better. Finally, F-test was applied to compare the initial model and the adjusted model.  

In addition to the linear relationships between responded variable and predicting variables was 
examined, this study also attempted to classify cities based on life quality through education level 
and population density. Firstly, three classification decision trees were created based on the different 
combination of population density, bachelor’s degree rate and education Gini index. Then, using 
random forest algorithm [10] to generate multiple decision trees, and evaluating three decision trees 
and random forest based on their results of receiver operating characteristic (ROC) curves and 
confusion matrixes. 

3. Results and discussions 

3.1 The linear regression model 

In the research, an initial linear regression model is built to predict the quality-of-life index and test 
to obtain final model. The initial linear regression model consists of all features. There are assumptions 
that our variables are random, independent and identically distributed, and linearity relationship 
existed. Firstly, model 1 contains three parameters: population density, bachelor’s degree rate and 
education Gini index. 

Table.1. Comparison of P-value of predictors (Model 1). 
The name of predictor P-value 

Intercept < 2 *10-16 
Population Density 1.88 * 10-5 

Bachelor Degree Rate  4.16 8 10-10 
Education Gini Index 0.282 

As the Table 1 shown, the p-value of population density and bachelor degree rate are less than 0.05, 
which indicates that there is strong evidence that population density and bachelor degree rate are 
significant in predicting living quality index. The p-value of education Gini index is 0.282, which 
represent that it does not significantly affect living quality index. So, model 2 is built containing only 
population density and bachelor degree rate. 

To further determine which model is the more suitable, AIC and BIC are applied in model 
comparison. The Table 2 below shows the AIC and BIC of both model 1 and model 2. It is obvious to 
see that both AIC and BIC of the final model is smaller keeping the adjusted R squared same. Therefore, 
the model is better without the education Gini index parameter. 

Table.2. Linear model with all features. 
Model AIC BIC R.squared 

Model 1 766.09 778.80 0.48 
Model 2 765.30 775.48 0.48 

Last but not least, assumptions are checked in Figure 1.  
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Figure 1. Regression model assumptions. 

The Residual vs Fitted Figure observes equally spread residuals around the horizontal line without 
distinct pattern. There is no evidence show our assumption violation for linearity. As for the normal 
Q-Q graphic, the residuals follow a horizontal line. There is no evidence show violation of assumption 
for normality. Then, it finds that there is a straight line with randomly spread points in Scale-location 
graphic. So there is no evidence show assumption violation for homoscedasticity. Any of assumption 
violation does not occur. Model 2 is used as the final model for estimate quality of life index. 

Table.3. The Estimate Coefficient and P-value of predictors 
The name of predictor Estimate Coefficient  P-value 

Intercept 149.4 < 2 * 10-16 
Population density -2.089 * 10-3 5.76 * 10-8 

Bachelor degree rate 1.079 8.84 * 10-13 
The final model shows when the population density and bachelor degree rate is zero, the quality of 

life index is 149.4. However, it does not have real meaning since the population density of cities cannot 
be zero. Moreover, the population density has a negative impact on the living quality while the 
bachelor degree rate has a positive impact. 

3.2 Random forest for city classification 

To further determine the common characteristics of cities with high physical life quality index, this 
study applied a random forest algorithm to classify the cities via population density, bachelor’s degree 
rate, and education Gini index. However, since the primary purpose was to discuss the difference 
between high physical life quality cities and others in the above three proposed indicators, the 
overfitting problem of random forests is not essential in this study. In fact, the high accuracy of the 
model indicates there are standard features for high physical life quality cities on these three indicators. 

The initial model simulated 500 trees with 1 variable tried at each split classified, and the result did 
not meet speculative expectations, that the error rate for each level all greater than 0.58 showed in 
confusion matrix (Table 4). Thus, population density, bachelor’s degree rate, and education Gini index 
cannot effectively distinguish cities alone. However, after combining other three levels cities into one 
category and remaining only level 1, the accuracy of model is improved due to dramatically decline in 
false positive rate, percentage of cities in others category perceived as level 1 cities. The confusion 
matrix of after combined model (Table 5) stated that, although the three indicators are invalid to 
distinguish the specific level for each city, they can sufficiently identify which city is not with high 
physically quality of life according to the specificity in Table 5, ability to correctly classify cities in 
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others category. Hence, it can be inferred that the failure of any of three indicators meeting the standard 
imply this city’s physically quality of life index doesn’t reach level 1. 

Table.4. Confusion matrix for Initial model.  
 Level 1 Level 2 Level 3 Level 4 Class.error 

Level 1 11 12 6 1 0.6333333 
Level 2 5 11 5 11 0.6562500 
Level 3 3 6 9 6 0.6250000 
Level 4 0 10 7 14 0.5483871 

Table.5. Confusion matrix for after combined model. 
 Level 1 others Class.error 

Level 1 11 19 0.6333333 
Others  8 79 0.0919540 

Noteworthily, unlike in regression model with no significant linear relationship, education Gini 
index is important in decision tree models based on the result in Mean decrease Accuracy and Mean 
Decrease Gini (Figure 2). This result suggested that differences in educational resources are not 
linearly related to urban quality of life but a city with huge gap in education equality probably is not 
with a high physical quality of life.  

 
Figure 2. Mean Decrease Accuracy and Mean Decrease Gini 

4. Conclusions 

In this study, investigating the impact of two elements on high material quality of life: population 
density and educational attainment (bachelor's degree rate and educational Gini index) was proposed. 
This paper applied a linear regression model and a random forest algorithm to determine the common 
characteristics of cities with high material quality of life index. Through model comparison and 
random forest classification, the experimental results show that population density has a negative 
impact on quality of life, while the bachelor's degree rate has a positive impact. And the results show 
that the actual quality of life in a city with a large gap in educational equality may not be high. The 
limitations of this study are that this study chose two objective coefficients to represent education 
levels and the variables studied are not comprehensive enough to fully represent the absolute impact 
on quality of life. In the future, further study plans to obtain more data from outside the United States 
to comprehensively study the factors affecting quality of life worldwide. 
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