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From the 5th century BC to modern times, society has been obsessed with immortality and the unknown premonition of death. The pri-
mary objective of this project was to analyze the relationships between contextual influences (independent variables) and life expectancy
using the simple linear regression model. Secondary objectives include developing a RShiny application to predict a country’s average 
life expectancy through user-input values and visualize the independent variables changing over the past years through choropleth maps.
The selection of independent variables: happiness score, Per Capita GDP (PCGDP), and average years of education are supported by 
conclusions from Kabir (2008), which states developing countries should increase adult literacy and nourishment to improve lifespan.
Further, studies have shown that happier people have greater lifespans (Argyle, 1997; Deeg and van Zonneveld, 1989; Howell et al., 
2007).

METHODS AND MATERIALS
2.1 Data Sources
This study is on a national level, and the estimates should not be 
considered equivalent to ones done on an individual level. Primar-
ily, four datasets were used: two datasets (life xpectancy and hap-
piness) from an online community for data science (Kaggle, 2019) 
and two datasets (PCGDP and education) from The World Bank 
(World Bank, 2021). Although happiness is an abstract concept, in 
this study, it is determined by the World Happiness Report (World 
Happiness Report, 2019), which computes a measure of the happi-
ness score of each country from the Gallup World Polls. Average 
years of education refers to the average years of education of the 
adult being in that country; the data is from the Barro-Lee Educa-
tional Attainment Data. 
2.2 Data Cleaning
The datasets differed greatly from one another with additional rows 
or columns of data that did not occur throughout all four and thus 
were removed. Originally, the four datasets had a total of 8,427 
rows and 134 columns. After removal, the final dataset totalled 144
rows and 15 columns. Moreover, the datasets were individually re-
organized to remove excess headers.

Because life expectancy, happiness scores, average years of 
education, and PCGDP are not constant across different years but 
rather change, only data from 2017 was used to control the study. 
(2017 was the most recent year that had available data across all 
four variables.) In addition, the data for the “continent” columns 
used in Fig. 2 was manually input.
2.3 Pearson Correlation coefficient
The following Pearson correlation coefficient r is used to measure 
the correlation and linear relationship between two variables:

and xi and yi are the means of the values of the x-variables and 
y-variable, respectively. The Pearson correlation coefficient has a 
range of -1 to +1. A large absolute value of r (typically
greater than 0.7) indicates a strong correlation.
2.4 Modeling
The linear regression model in this study is Yi = β0+β1Xi+ϵi, where 
Yi is the dependent variable, Xi is the independent variable, β0 is 
the y-intercept, β1 (slope) is the change in variable Yi when the 
variable Xi changes by one unit, and ϵi is the random error follow-
ing a normal distribution (mean 0, variance σ2).
RESULTS
3.1 Analysis
The last row of Table 1 shows the Pearson correlation coefficient 
(see Section 2.3) between life expectancy and the three indepen-
dent variables. A logarithmic transformation of PCGDP was done 
because its correlation with life expectancy was stronger than us-
ing the original scale. Table 1 shows that the correlation between 
log PCGDP and life expectancy (visualized in Fig 1)is the stron-
gest (i.e., 0.84) of the three independent variables studied.

A linear regression was performed with the model defined in 
section 2.4 on data from happiness, log PCGDP, and education, 
respectively. As seen in Table 1, all three estimated slopes are 
positive, meaning that if the variable increases by one unit, the 
life expectancy increases by its slope. To visualize the relation-
ship between the independent variable and life expectancy, slope 
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and y-intercept can be used to write an equation for each variable 
in slope-intercept form: 

Life Expectancy = 43.6 + 5.4 × Happiness
Life Expectancy = 56.1 + 1.9 × Education

Life Expectancy = 19.2 + 13.0 × log (PCGDP)
Even in modern times, Fig 2 visualizes the drastic differenc-

es between continents. African countries that may be less devel-
oped, consistently appear in the bottom left corners which further 
agrees with Kabir (2008). In contrast, European countries appear 
frequently in the top right corners.

Furthermore, to find whether these results are statistically 
significant, statistical tests were conducted to test the null hy-
pothesis, which can be stated as there is no linear relationship 
(slope=0) between the two variables. In contrast, an alternate 
hypothesis can be stated as there is a linear relationship. If the 

p-value is less than 0.05, the results are statistically significant 
and give evidence as to why the null hypothesis is wrong as there 
is an unlikely probability (<0.05) of obtaining results when the 
null hypothesis is correct. Table 1 shows that the three tests are 
statistically significant with a p-value of <2.2e-16.
3.2 RShiny application
Using R (R Core Team, 2021), an RShiny application was de-
veloped to predict a country’s average life expectancy based on 
user-input values, as shown in Fig. 3. The app fits multiple linear 
regression using all of the 3 independent variables together to pre-
dict life expectancy. Further, the application includes 38 interac-
tive choropleth maps to visualize the global development of log 
PCGDP and average years of education over the past years (2002-
2017). However, because the happiness dataset only included data 
for 2015-2017, there are only 3 maps depicting happiness scores, 
as shown in Fig. 4.
DISCUSSION
It is important to remember that correlation does not mean 
causation. Although all the variables are correlated with life ex-
pectancy, it does not necessarily mean the variables actively cause 
life expectancy but are rather only shown to be moving together. 
Further, it is assumed in this study that average years of educa-
tion, happiness score, and PCGDP are independent variables. For 
future studies, interaction between these variables can be consid-
ered and tested through model selection methods.

Moreover, it is recommended to examine how life expec-
tancy has developed over the past years. In this study, lifespan is 
predicted by 2017 data; however, it is probable that the datahas 
changed and certain factors could be more or less correlated. The 
RShiny application could be less applicable as time passes.

In addition, it could be beneficial to examine life expectancy 
on an individual level. This could result in more customization 
and expansion of the application. Other individual influences on 
lifespan could also be added to the study, including but not lim-
ited to, culture and individual financial backgrounds. Further, it 
could be useful to examine life expectancy and other factors on a 
continental level, including the variance of the data per continent.

Table 1: The estimates for the linear regression model from the collected data including y-intercept, slope, 95% confidence inter-
val, p-value, and Pearson correlation coefficient.

Figure 1: The relationship between log PCGDP and life ex-
pectancy. The red dot is Canada.
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Figure 2: There is a clear difference between the continents when comparing happiness scores and years of education.

Figure 3: Demonstration of the RShiny application to predict 
a country’s average life expectancy based on values the user 
inputs.

Figure 4: Zoomed in image of Canada from the 2015 happi-
ness score interactive choropleth map.
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CONCLUSION
The analysis of life expectancy is essential to further advance the 
understanding of human development, maximize lifespan, and 
create a productive society. The RShiny application takes a novel 
approach to life expectancy prediction as it takes into account 
present variables whereas predictions solely based on increases 
over the past years can be less precise. Because life expectan-
cy plays an influential part in socioeconomic-demographic deci-
sions, countries
need to know their expected life expectancy to calculate health-
care costs and program funding. Further, this study provides a 
strong foundation for future research on life expectancy and lifes-
pan development.
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