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Abstract 
Gross domestic product (GDP) per capita and internet users per 100 people were plotted and a 

linear regression was performed on data from all countries as well as data separated by income 
level. The purpose was to examine similarities and differences in internet growth patterns 

among different income groups. The correlation between GDP and internet usage was not 
pronounced in either the upper or lower middle incomes.  While more correlated in high and 
low incomes, the most correlation occurred when the GPD and internet usage activities of all 
countries was considered. Many of the differences and lack of correlation to GDP in internet 

growth patterns could be attributed to the decreased cost and increased efficiency and 
pervasiveness of devices that can access the internet. 

 
Introduction   

 

This paper is an analysis of the relationship of gross domestic product (GDP) per capita to 
internet users in 2000, 2005, and 2010 using data available from World Bank Open Data.  GDP is 

a one way of measuring average income per person in a country.  The data was separated by 
low, middle, and high income countries as defined by the World Bank and analyzed using linear 
regression to calculate a trend line and analysis of variance to determine if the change over 
time was statistically significant.  The purpose was to determine if there were any similarities or 
differences in patterns of growth in internet usage over time between the income groups. 
 
Methods and Materials 
 
Using data obtained from the World Development Indicators, the GDP per capita and number 
of internet users per 100 people were plotted in a scatter plot in Excel.  A linear regression and 

analysis of variance (ANOVA) were performed on all countries as well as data from countries 
separated by low, lower middle, upper middle, and high incomes.  The analysis was performed 

at 5 year intervals for 10 years, resulting in 3 time points for the ANOVA. The trendline equation 
and R2 value are reported with each graph. The trendline is the line that best describes the 

data. The R2 value indicates how closely the actual data matches the predicted trendline. The 
possible values vary from 0 to 1, with 1 indicating the closest association to the trendline. The 
p-value reported with all analyses determines whether differences between the groups of data 
are statistically significant, with a value less than 0.05 indicating significance. The p-value is 
determined by the F ratio shown in the ANOVA analysis, while F crit indicates the minimum F 

ratio needed for the data to be statistically significant. 
 

Results  
 

Linear Regression 



The linear regression analysis of all countries for the years 2000, 2005, and 2010 all had a 

correlation coefficient greater than 0.5, as shown in Figure 1. The bottom left corner of Figure 1 
is magnified in Figure 2 to present greater detail of lower income countries. 

 

 
Figure 1. Linear regression between GDP per capita and number of internet users in all 

countries. The data are separated by year, and the trendline equations and R2 values are 
included. The area in green is expanded in Figure 2. 
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Figure 2. Expansion of Figure 1 from 0-50 internet users per 100 people and 0-40,000 
USD GDP per capita. 

The linear regression analysis of countries in the low income sector (Figure 3) showed weaker 
correlation with the trendline, but more variation in the slope. Unsurprisingly, there was not 
much internet access among any poor countries in 2000, resulting in an almost horizontal 
trendline. The slope increased 10 times, however, between 2000 and 2010, indicating that 

people were getting internet access at a much faster rater, albeit from a very low baseline. 
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Figure 3. Linear regression between GDP per capita and number of internet users in 
low income countries. The data are separated by year, and the trendline equation and 
R2 values are included.  

 
The linear regression analysis of countries in the lower and upper middle income sectors 

showed much weaker correlation with the trendline, and no detectable significant patterns in 
the trendlines across time. 
 
The linear regression analysis of the high income countries (Figure 4) showed slightly weaker 
correlation for the trendline than the low income countries.  However, unlike in all the other 
graphs, the slopes for the trendlines decreased as time went on, rather than increasing as in all 
the other income levels. 
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Figure 4. Linear regression between GDP per capita and number of internet users in 

high income countries. The data are separated by year, and the trendline and R2 values 
are included. 

 
ANOVA 

In the ANOVA analysis of all countries with available data, the variation between both GPD per 
capita and the number of internet users was statistically significant, as is shown in Table 1. 
Additionally, the F value is significantly higher than the F crit value in both analyses. 

 

ANOVA TOTAL  GDP    

Source of Variation SS df MS F P-value F crit 

Between Groups 1.71369E+11 213 804550222.1 19.96623933 1.26E-127 1.217325438 

Within Groups 15151119775 376 40295531.32    

Total 1.8652E+11 589         

              

ANOVA TOTAL  INTERNET    

Source of Variation SS df MS F P-value F crit 

Between Groups 247792.6562 213 1163.345804 4.125550108 1.549E-33 1.216936154 

Within Groups 106872.5499 379 281.9856197    

Total 354665.2061 592         

Table 1. ANOVA analysis using data from all countries. Analysis of variance to 

determine if the variation in GDP per capita and internet usage over 15 years is 
statistically significant (p<0.05). This analysis was performed using data from all 

available countries. 
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In the ANOVA analyses of countries separated into income groups, the variation in GDP per 
capita is statistically significant for all incomes. However, the variation in Internet usage is not 

statistically significant in any income bracket. The ANOVA analysis for the low income bracket is 
shown in Table 2 as an example of significant (GDP) and not significant (internet usage) 

variations. The critical value (minimum P-value for significance) is 0.05. 
 

ANOVA LOW  GDP    

Source of Variation SS df MS F P-value F crit 

Between Groups 3068883.0 29 105823.55 4.27295417 2.0599E-06 1.67739730 

Within Groups 1337358.5 54 24765.899    

Total 4406241.6 83         

              

ANOVA LOW  INTERNET    

Source of Variation SS df MS F P-value F crit 

Between Groups 303.54956 29 10.467226 1.13694749 0.33551020 1.68136639 

Within Groups 487.94074 53 9.2064290    

Total 791.49030 82         

Table 2. ANOVA analysis using data from low income countries only. Analysis of 

variance to determine if the change in GDP per capita and internet usage over 15 years 
is statistically significant (p<0.05). This analysis was performed using data from low 

income countries only. 
 

Discussion 

 
Linear Regression 
The y-intercepts of the trendline equations represent the baseline percentage of internet users. 
It is interesting to notice that by 2010, even a country at the bottom of the income distribution 

would have on average 20% of people with internet access. As technology has advanced, it has 
become easier to provide people in poorer countries with ways to connect to the internet. The 

slopes between all three time points remain similar, which shows that there were not any 
major developments in technology that caused a sudden increase in internet access. 

 
The differences between the high and low income groups are immediately obvious upon 

examination of the graphs. The baseline for internet access in richer countries is much higher, 
starting at 10% in 2000 and ending at 56% in 2010.  While the slopes in the low income group 

increase over time, the slopes in the high income group, unlike the rest, decrease over time. 
This contrast could indicate a slowing down of people initially accessing the internet, as a larger 

majority of the population already have access to the internet.  
 
Another aspect of the graphs to notice is that the correlation coefficient is generally larger 

(indicating more correlation) in 2000 than in 2005 and 2010. This could be due to the fact that 



internet access became less tied to money as technology improved. Smartphones are much 

cheaper to buy and easier to use in poorer countries than a desktop or even a laptop computer. 
A smartphone also does not require WiFi or wired connection to the internet. 

 
ANOVA 

The variations in GDP and internet usage for all countries over the 3 time points were 
significant. However, when data was separated by income, the variations in GDP were 

significant, while the variations in internet usage over the 3 time points were not significant.   
Additionally, the F values were not as high compared to the F crit value as in the analysis of GDP 
for all countries. 
 
 
Conclusion 
 
The purpose of the paper was to examine the differences in linear regression and ANOVA 

analysis of GDP per capita and internet usage between different time points. The data for all 

countries best fit the trend line calculated, while the correlation coefficient decreased 
significantly when the countries were separated by income. The pattern of increasing slope in 

the low income sector over the 10 years of data collection was reversed in the high income 
sector, as the slopes of the trendlines decreased. Additionally, it appears that internet usage 
became less linked to GDP per capita between 2000 and 2010.  Given the fast pace of 
technological development and the decreasing costs and inconveniences of internet-accessing 
devices, this is not surprising. It would be interesting to include more recent data that 
encompasses some of the newest changes in internet accessibility. 
 
Additional Material 
 



 
Linear regression between GDP per capita and number of internet users in lower 

middle income countries. 

 
Linear regression between GDP per capita and number of internet users in upper 

middle income countries. 
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ANOVA HIGH  GDP    

Source of Variation SS df MS F P-value F crit 

Between Groups 77591806131 75 1034557415 8.1372417 4.52938E-23 1.405674766 

Within Groups 14493798818 114 127138586.1    

Total 92085604949 189     

              

ANOVA HIGH  INTERNET    

Source of Variation SS df MS F P-value F crit 

Between Groups 55749.1978 75 743.32263 1.2825180 0.107734488 1.391999665 

Within Groups 74765.90393 129 579.58065    

Total 130515.1017 204         

ANOVA analysis using data from high income countries only. 

 
 

ANOVA U MIDDLE  GDP    

Source of Variation SS df MS F P-value F crit 

Between Groups 629515754.4 54 11657699.16 2.069999988 0.000725867 1.458362656 

Within Groups 596964308 106 5631738.755    

Total 1226480062 160         

              

ANOVA U MIDDLE  INTERNET    

Source of Variation SS df MS F P-value F crit 

Between Groups 10560.72562 54 195.5689929 0.853331833 0.735982788 1.468032658 

Within Groups 22459.91602 98 229.1828165    

Total 33020.64163 152         

ANOVA analysis using data from upper middle income countries only. 
 
 
  

ANOVA L MIDDLE  GDP    

Source of 

Variation SS df MS F P-value F crit 

Between Groups 71830807.03 50 1436616.141 3.582352038 3.41684E-08 1.479758367 

Within Groups 39300543.41 98 401025.9532    

Total 111131350.4 148         

              

ANOVA L MIDDLE  INTERNET    

Source of 
Variation SS df MS F P-value F crit 

Between Groups 3737.48077 50 74.74961541 0.87995931 0.686703298 1.483744698 



Within Groups 8069.933892 95 84.94667255    

Total 11807.41466 145         

ANOVA analysis using data from lower middle income countries only. 


