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1. Introduction 
 

The purpose of this paper is to investigate the influence that certain factors have on the gross 

national product (GDP) and to categorize in what way they contribute, by either having a 

positive or a negative influence, and how significant each of them are. Educational, 

environmental, economic and health factors are all investigated in this study. Using data 

provided by the World Bank, covariates are chosen from previous named areas and multiple 

linear regression analysis is used to produce a primary model. This model is then refined in to 

the final model. The covariates used in the final model are discussed to what extent and in 

what manner they contribute. The theory used in this paper will be explained briefly. 

2. Theory 
Section 2.1 is fully quoted from:  

H. Anton & C. Rorres, Elementary linear algebra with supplemental applications, Wiley, New 

York, 2011, p. 376-377 

Section 2.2 and all its sub-section are fully quoted from: 

H. Lang, Topics on Applied Mathematical Statistics, version 0.93, July 2012, p. 

18,19,20,23,29,30. 

 

2.1 Linear Algebra: 
 

A common problem in experimental work is to obtain a mathematical relationship y = f(x) 

between two variables x and y by “fitting” a curve to points in the plane corresponding to 

various experimentally determined values of x and y, say 

                          

On the basis of theoretical considerations or simply by observing the pattern of the points, the 

experimenter decides on the general form of the curve y = f(x) to be fitted. Some possibilities 

are (Figure 1) 

(a) A straight line: y = a + bx 

(b) A quadratic polynomial: y = a + bx+ c   

(c) A cubic polynomial: y = a + bx + c   + d   

Because the points are obtained experimentally, there is often some measurement “error” in 

the data, making it impossible to find a curve of the desired form that passes through all the 

points. Thus, the idea is to choose the curve (by determining its coefficients) that “best” fits 

the data. We begin with the simplest and most common case: fitting a straight line to data 

points. 
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Figure 1: fitting data to a first, second and third degree polynomial function. 

Suppose we want to fit a straight line y = a + bx to the experimentally determined points  

                          

If the data points were collinear, the line would pass through all n points, and the unknown 

coefficients a and b would satisfy the equations  

         

         

  

         

We can write this system in matrix form as  

 

   

   

  
   

  
 
 
    

  
  

 
  

  

Or more compactly as 

(1).                                                                      

Where 

(2)        

  
  

 
  

       

   

   

  
   

               
 
 
  

If the data points are not collinear, then it is impossible to find coefficients   and   that satisfy 

system (1) exactly; that is, the system is inconsistent. In this case we will look for a least 

squares solutions 
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We call a line            whose coefficients come from a least squares solution a 

regression line or a least squares straight line fit to the data. To explain this terminology, 

recall that a least squares solution of (1) minimizes 

(3)             

If we express the square of (3) in terms of components, we obtain  

(4)                             
             

               
  

If now we let 

                                                

Then (4) can be written as 

(5)               
     

       
  

As illustrated in (Figure), the number    can be interpreted as the vertical distance between 

the line        and the data point        . This distance is a measure of the “error” at the 

point         resulting from the inexact fit of        to the data points, the assumption 

being that the    are known exactly and that all the error is in the measurement of the   . 

Since (3) and (5) are minimized by the same vector    , the least squares straight line fit 

minimizes the sum of squares of the estimated errors   , hence the name least squares 

straight line fit.
1
 

 

Figure 2:    measures the vertical error in the least squares straight line.  

 

                                                             
1 H. Anton & C. Rorres, Elementary linear algebra with supplemental, applications, Wiley New York, 
2011, p. 376-377 
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2.2 The Linear Regression Model (when everything is almost perfect.) 

 

The basic model for econometric work is the linear regression model. (It is in fact also the 

basic model for experimental design.) The specification  

               
 

   
          

Here    is regarded as an observation of the dependent random variable   whose expected 

value depends on the covariates (or explanatory variables)    . The error terms (or 

disturbance terms)    are assumed to be independent between observations and such that  

                      
             

Where   is unknown. Usually the covariate     is the constant 1, and    is the intercept.  

If we introduce  

                                         
  

Then the model may be written as  

            

Sometimes we suppress the observation index I and just write  

       

The covariates may be deterministic value, or outcomes of random variables. This is the 

homoscedastic version of the linear model, meaning that the variances of the      are all the 

same, which is sometimes a rather unjustified assumption. In many cases we will also make 

the even more heroic assumption that the   :s are normally distributed.  

It is convenient to employ matrix notation: 

                                       

Where now Y is and n x 1-matrix of random variables, X is and n x (k+1) of random 

variables. 

The parameters    are unknown, as is typically the variance   , these parameters are to be 

estimated from data, and the use of the model can either be for prediction, or may be given a 

structural interpretation which allows for hypotheses testing.  

Here is an example of a structural interpretation. Assume we want to assess if females, veteris 

paribus, get lower salaries than males, as if often claimed. We can then estimate the linear 

model  
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Where y is log(wage),    is an indicator variables (typically called a dummy) for female (i.e., 

    for females and      for males,) and the other covariates are age, 

years_of_education, years_of_working_experience, etc.; i.e., characteristics that we believe 

influence the wage. Females’ wages are then on average exp(  ) times that for males, and we 

interpret a negative value of    as a confirmation of the claim that females get lower wages 

than males, ceteris paribus.  

(A structural interpretation means that we consider the covariates to influence the dependent 

variable, but not the other way round. This need not be the case for a prediction. For example, 

assume that we want to predict a student’s performance (grading) on a statistics course, and 

use his precious grades on mathematics courses he has taken as covariates. Then, of course, 

these grades have no influence on the performance on the statistics course, but they have some 

predictive power for obvious reasons: first, they measure some kind of ability (a “hidden” 

characteristic) that is also useful in a statistics course and, secondly, it measures his 

mathematical knowledge, which is also useful in a statistics course. )
1
 

2.2.1   and adjusted    

 

The  sample variance of y, Var(y) can be decomposed into two terms: 

                        

And a statistics that is reported by programmes is the   statistic 

    
        

      
    

       

      
 

It is a measure of goodness of fit. It is also equal to the square of the (sample) correlation 

coefficient between y and    . There is also and adjusted    (often denoted    ) where there is 

adjustment for degrees of freedom, such that the adjusted    is somewhat lower than   . 
2
 

 

2.2.2 Estimation 

 

The OLS estimate (Ordinary Least Squares) of  ,   , is the values    of   that minimizes the 

sum of the squares             of the residuals          . This is achieved by solving the 

normal equations        for   . Indeed, let    be any other estimate of  , and define 

        . Let              Now  

                                                             
1
 H. Lang, Topics on Applied Mathematical Statistics, version 0.93, July 2012, p.18-20 

 
2 H. Lang, Topics on Applied Mathematical Statistics, version 0.93, July 2012, p.23 
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But     and    are orthogonal (the normal equations), hence, by “Pythagoras’ theorem”,  

                             

Q.E.D
1
 

 

2.2.3 When Everything is Not so Perfect 

2.2.3.1 Multicollinearity 

Assume that we run a regression of a variable y, say log of wage, on dummies (man) and 

(woman) and an intercept: 

                                     

(so “(man)” is equal to one if the person is a man and zero if it is a woman, etc.) It is easy to 

see that the OLS estimate does not have a unique solution. Indeed, we can add any number    

to    and    and subtract   from    and get the same error terms. The problem is that the 

intercept (the covariate 1) and the two dummies are linearly dependent. The problem is 

labeled multicollinearity.  

More often the problem is “almost” multicollinearity. Say, for instance, that you run a 

regression of log wage on age, education (in years) and working experience (in years). The 

problem is that age – education – experience probably is about the same for most persons, 

hence is nearly proportional to the intercept.  

Multicollinearity is spotted by the fact that the estimated standard deviations for some of the 

regression coefficients are very high.  

In the first example given here, the remedy is to remove one for the gender dummies. The 

coefficient for the remaining dummy estimates the extra wage persons of this gender enjoys.
2
 

 
 

 

 

 

 

 

                                                             
1 H. Lang, Topics on Applied Mathematical Statistics, version 0.93, July 2012, p. 20 
 
2
 H. Lang, Topics on Applied Mathematical Statistics, version 0.93, July 2012, p. 29-30 
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2.3 Model evaluation  
 

When deciding what covariates that makes the "best" model there are 2 main difficulties: 

 

1. What does "best" mean? 

2. What assumptions are made? 

 

In the field of statistics there is no clear consensus in what the correct answers are, however 

there are several theories and each gives a test to get the best model accordingly to the 

specific theory. These test include F-test, t-test, adjusted R-square, Akakie information 

criterion (AIC), Bayesian Information criterion (BIC), Mallows's Cp and false discovery rate.  

 

2.3.1 Bayesian Information criterion and Akakie information criterion 

 

Bayesian Information criterion (BIC) and Akakie information criterion (AIC) are closely 

related to each other, both in theory and in practice. In theory a lower AIC value means that 

the model is closer to the true model while a lower BIC means that the model is more likely to 

be the true model
1
   

 

In practice the only difference between AIC and BIC is that BIC punishes complexity more 

severely than AIC and therefore gives a model with the same amount or less covariates than 

AIC. The definition for BIC and AIC are: (p = the number of covariates including the 

intercept, n= the number of observations, L = the maximum likelihood, SS = sum of square 

error, C = a constant. )  
  

                      

               

In this paper an approximation, log (L) = (-n/2)*log (SS/n)+C , is done 
2
. 

With this the approximation the BIC and AIC values are calculated by: 

                   
  

 
  

             
  

 
  

                                                             
1Unknown, Pennsylvania state university, spring 2007, 10th May 2013, 
http://methodology.psu.edu/eresources/ask/sp07 
 
2
 Bret Larget, Cp, AIC, and BIC, University of Wisconsin-Madison, Written spring 2003, website 

updated April 2013,  viewed on May the 5th 2013, page 1 ,http://www.stat.wisc.edu/courses/st333-
larget/aic.pdf 

http://methodology.psu.edu/eresources/ask/sp07
http://www.stat.wisc.edu/courses/st333-larget/aic.pdf
http://www.stat.wisc.edu/courses/st333-larget/aic.pdf


10 
 

 

3. Method 
 

3.1 Data and variables 

The data used to construct the model is World Development Indicators compiled by the 

World Bank. The World Bank have a very generous policy regarding using their extensive 

database, which is why their data was chosen to conduct this study. The World Bank database 

"World Development Indicators"
1
 has 1265 variables ranging from "GDP per capita (current 

US$)" and "Life expectancy at birth, total (years)" to "Bird species, threatened" and "Time 

required to build a warehouse (days)". 

 

The task was to narrow down the 1265 variables down to around 15 covariates that can be 

used to make a model. A first cut was made and over 30 covariates were chosen, out of these 

the covariates with least amount of missing data were chosen to be included in the model. 

 

3.1.1 Missing data 

 

One of the biggest problems in any statistical analysis is missing data which simply means 

that there are missing values. Since a linear regression cannot be conducted with missing data, 

either all of covariates and/or countries with missing data are removed or new data is imputed 

were the data is missing. To reduce the amount of the missing values in our data three 

different methods were:  

 

 

1. Instead of looking at data from a single year a mean value from 2001 to 2011 was used.  

With this method it mean that as long as there is a value from a single year between 

2001 and 2011 a value is given. Another benefit is the decreased effects of yearly 

fluctuations. 

2. “Case deletion”, also called "listwise deletion" , is implemented which is one of the 

most common ways to deal with missing data.
 2
 With case deletion, countries that have 

a lot of missing data are excluded.  Starting with the official 193 members of the 

United Nations the number of countries included was reduced down to 169.  

3. The third method works in the same way as case deletion but instead covariates are 

excluded, starting with 32 the number of covariates was reduced to 15.   

 

After conducting these methods a model with 169 countries and 15 covariates was formed, 

and the number of missing values was reduced from 1111 points down to 30. 

                                                             
1 World Bank, World Development Indicators, unknown, last updated 16th April 2013,  

http://databank.worldbank.org/data/views/variableSelection/selectvariables.aspx?source=world-

development-indicators 

2 David C. Howell, University of Vermont, last revised 12/9/2012, mars 25th,  

http://www.uvm.edu/~dhowell/StatPages/More_Stuff/Missing_Data/Missing.html 

 

http://databank.worldbank.org/data/views/variableSelection/selectvariables.aspx?source=world-development-indicators
http://databank.worldbank.org/data/views/variableSelection/selectvariables.aspx?source=world-development-indicators
http://www.uvm.edu/~dhowell/StatPages/More_Stuff/Missing_Data/Missing.html
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3.1.2 Imputation 

 

The 30 missing data points can be found in two of the 15 covariates. The two covariates were 

included since they were the last covariates representing the educational factor. Considering 

that a regression cannot be conducted with missing data, imputation is used to fill in the gaps. 

There are several ways to impute values, all with their own problems and difficulties.  

 

3.1.2.1 Different ways of Imputation 

 

One method of imputation is to simply set the missing value to zero. However, this method 

has several negative effects, where the most severe is a shift in the expected value for the 

variable. Another method is to impute the mean value of the variable.  This does not shift the 

expected value, but it ignores any and all multicollinearity. A third way is to do a linear 

regression on the variable with missing data as the dependent variable and the other variables 

as covariates and then use the regression model to predict the missing value. This model does 

not ignore any multicollinearity, instead it gives complete multicollinearity. A fourth model, 

and the one used, is called stochastic regression.  

 

3.1.2.2 Stochastic regression 

 

Stochastic regression is a linear regression to which a normally distributed error term is added 

for each imputed value to keep the collinearity the same level in the main regression after the 

imputation. To calculate the error term another regression is run using none of the countries 

with gaps and keeping ln(GDP(PPP)/capita) as the dependent variable. The standard errors for 

the coefficient corresponding to the covariate with gaps are then used as the standard 

deviations for the error term. The error term, which has an expected value of 0, is added to the 

value gained by linear regression to get the value that is imputed. This is done for each 

variable that has missing values and after it is done all 30 of the missing values have been 

filled and the main regression can be made.  

 

3.2 Model 

 

Now that we have our complete data set the main linear regression can be made . It was 

decided that gross national product purchasing power parity,  GDP(PPP) was superior to just 

GDP as GDP(PPP) takes the real exchange rate in to consideration. The choice of using 

GDP(PPP) per capita instead of just GDP(PPP) is because it's more reasonable to assume that 

two person’s contribution to GDP are more comparable then the GDP of nations because of 

the great disparity of population.  

 

The GDP(PPP) per capita is a better dependent variable, but still it has a great disparity of 

several power of ten and the great disparity will most likely lead to heteroscedasticity. In 

order to achieve, or at least come closer to, homoscedasticity the dependent variable 

ln(GDP(PPP)/capita), that has a value-range of 7 to 12, was used.  
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3.2.1 Forward selection/backward elimination: 

 

Once the first model was ready, it was evaluated to see whether or not all covariates were to 

be included in the final model. More variables always give a better statistical representation of 

reality, although some of the covariates could be collinear to each other. The multicollinearity 

causes large standard errors to the collinear covariates, thereby decreasing the accuracy of the 

coefficients in the model.  

When the covariates in the final model were chosen, forward selection/backward elimination 

was used with BIC, see fig 3. This method considers both the benefits (increased fitness of 

model) and the disadvantages (increased multicollinearity) of each covariate and the 

regression as a whole. Forward selection/backward elimination was also done with AIC 

instead of BIC, this gave another model. The AIC and BIC models where both evaluated, and 

it was decided that the model done with BIC was superior. The AIC model had too low p-

value on several covariates.  
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Figure 3: Flowchart of forward selection/backward elimination 

 

    
Do a linear regression for each variable with it as the only covariant. Calculate 

the BIC value, choose the linear regression with the lowest BIC value. This 

linear regression is called "lin. reg. A". 

Do a linear regression with the covariates used in "lin. reg. A" and another variable. 

Do this for each of the variables. Calculate the BIC value for each regression. Does 

one of these linear regressions give a lower BIC value than "lin. reg. A"? 

Call the linear regression with 

lowest BIC value "lin. reg. A". 

Do a linear regression with the covariates used in "lin. reg. A" and remove a covariate. 

Do this for each covariate. Calculate the BIC value for each regression. Does one of 

these linear regressions give a lower BIC value than "lin. reg. A"? 

 

Do a linear regression with the covariates used in "lin. reg. A" and remove a covariate. 

Do this for each covariate. Calculate the BIC value for each regression. Does one of 

these linear regressions give a lower BIC value than "lin. reg. A"? 

 

This is the final model that is used. 

Call the linear regression with 

lowest BIC value "lin. reg. A". 

 

Yes 

 

Yes 

 

Yes 

 

No 

 

No 

 

No 
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Regression Statistics Regression Statistics

Multiple R 0,9497

R Square 0,9020

Adjusted R Square 0,8931

Standard Error 0,4239

Observations 169

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 8,44E+00 9,26E-01 9,11  < 0,0001 6,6103 10,2697

CO2 emissions (metric tons per capita) 3,58E-02 7,01E-03 5,11  < 0,0001 0,0219 0,0496

Arable land (% of land area) -7,62E-03 2,65E-03 -2,88 0,005 -0,0128 -0,0024

Total natural resources rents (% of GDP) -1,84E-03 2,75E-03 -0,67 0,505 -0,0073 0,0036

Exports of goods and services (% of GDP) 2,88E-02 2,93E-03 9,83  < 0,0001 0,0230 0,0346

Imports of goods and services (% of GDP) -2,74E-02 3,15E-03 -8,68  < 0,0001 -0,0336 -0,0211

Health expenditure, total (% of GDP) 8,50E-02 1,91E-02 4,46  < 0,0001 0,0473 0,1227

Life expectancy at birth, total (years) 1,29E-02 1,06E-02 1,21 0,227 -0,0081 0,0339

Mortality rate, under-5 (per 1,000 live births) -1,34E-03 2,52E-03 -0,53 0,595 -0,0063 0,0036

Birth rate, crude (per 1,000 people) -3,88E-02 7,92E-03 -4,90  < 0,0001 -0,0544 -0,0231

GDP per capita growth (annual %) -3,40E-02 1,69E-02 -2,01 0,046 -0,0674 -0,0006

Inflation, GDP deflator (annual %) -2,20E-02 8,56E-03 -2,57 0,011 -0,0389 -0,0051

Maternal mortality ratio (modeled estimate, per 100,000 live births) -7,50E-04 3,56E-04 -2,11 0,037 -0,0015 0,0000

Public spending on education, total (% of GDP) 1,26E-02 2,64E-02 0,48 0,635 -0,0396 0,0647

Gross intake rate in grade 1, total (% of relevant age group) 1,86E-03 1,85E-03 1,01 0,316 -0,0018 0,0055

4. Analysis 
 

In this section, statistics from different regression models will be presented and then in the 

next section the regression statistics for the final model will be the main focus for the 

discussion regarding how environmental, educational, economic and health factors influence 

GDP(PPP)/capita.  

Intercept will not be closely looked at in the discussion as it is a reference value calculated 

using all of the data included in the study and a start value one uses to predict a country’s 

GDP(PPP)/capita. 

Figure 4: Regression statistics from the first regression 

 

In figure 4 the regression statistics for the first regression are presented. This model includes 

all of the covariates, where the missing data points have been filled using the method 

previously described. Forward selection/backward elimination is now applied to produce a 

model with the most significant covariates. This resulted in a removal of a total of five 

covariates from the table above which reduced the    value by about 0,3% but it also reduced 

multiple p-values compared to the first model. 
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Regressionsstatistik

Multiple R 0,9479

R Square 0,8986

Adjusted R Square 0,8928

Standard Error 0,4243

Observations 169

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Konstant 9,81E+00 2,37E-01 41,39  < 0,0001 9,3426 10,2790

Exports of goods and services (% of GDP) 2,72E-02 2,53E-03 10,73  < 0,0001 0,0222 0,0322

Imports of goods and services (% of GDP) -2,59E-02 2,75E-03 -9,42  < 0,0001 -0,0313 -0,0205

Health expenditure, total (% of GDP) 9,00E-02 1,72E-02 5,24  < 0,0001 0,0561 0,1239

Inflation, GDP deflator (annual %) -2,76E-02 7,74E-03 -3,56 0,00049 -0,0428 -0,0123

Arable land (% of land area) -8,19E-03 2,53E-03 -3,24 0,00147 -0,0132 -0,0032

Maternal mortality ratio (modeled estimate, per 100,000 live births) -1,18E-03 2,50E-04 -4,71  < 0,0001 -0,0017 -0,0007

GDP per capita growth (annual %) -4,30E-02 1,59E-02 -2,70 0,00766 -0,0745 -0,0116

Birth rate, crude (per 1,000 people) -4,78E-02 6,20E-03 -7,71  < 0,0001 -0,0601 -0,0356

CO2 emissions (metric tons per capita) 3,60E-02 6,72E-03 5,35  < 0,0001 0,0227 0,0492

Figure 5: Regression statistics for the final model.  

 

In figure 5 the regression statistics of the final model is presented, the model with lowest BIC-

value. The value of    variable is thought of as measurement of how well observed outcomes 

are represented in the model, the    value in its self means little unless accompanied by small 

p-values. We were quite pleased to see that we acquired a    value just above 90% and at the 

same time had all covariate with a lower p-value then the rule of thumb of 5%.  

By categorizing the last nine covariates deemed significant enough to be included one can see 

that environmental, economic and health factors all are represented. Surprisingly all of the 

covariates concerning education were excluded by the time the final model was formulated. 

Intuitively one would think that education would influence in some way, an attempt to explain 

why these covariates were excluded will be discussed later on. 

There are three coefficients with positive values, ergo contributing to a larger GDP/capita. 

The remaining six coefficients all possess a negative value that has a destructive influence.  

The following discussion will focus on the coefficient for each of the covariates and theirs 

sign, that is if there is a positive or a negative correlation with ln(GDP(PPP)/cap).  We will 

also discuss the "Average factor". Average factor in this paper is the factor that GDP is 

influenced by the average value of the covariate accordingly to our model. 

To some extent the “t Stat”-value, which is the ratio between the coefficient value and 

corresponding “Standard Error” and the confidence interval of 95% will be discussed. the 

confidence interval is a way to measure the uncertainty of specific parameters. The wider the 

interval the greater the uncertainty and more data should be provided to obtain a narrower 

interval.  
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5. Discussion 

5.1 Covariates 
 

As previously mentioned the final model contains three coefficients that contribute to a larger 

GDP and six with opposite effect. The three coefficients with positive influence are listed in 

fig. 6 and environmental, economical and health factors are all represented. All of the positive 

influences have a t-stat value greater than 5. This means that they all have narrow confidence 

intervals. The negative factors are greater in number but have a lower average t-stat value, 

meaning that they have a wider confidence interval on average.  

  

5.1.1 Covariates with positive influence 

 

Figure 6: Positive covariates for the final model. 

Positive Influence 
Coefficient name Coefficient 

value 

Standard Error p-value Average 

factor 

Exports of goods and services (% of 
GDP) 

2,72E-02 
 

2,53E-03 
 

< 0,0001 
 

3,14 
 

Health expenditure, total (% of GDP) 9,00E-02 1,72E-02 < 0,0001 1,76 

CO2 emissions (metric tons per capita) 3,60E-02 6,72E-03 < 0,0001 1,19 

  

5.1.1.1 Export 

 

According to the model presented in this paper, the coefficient “Exports of goods and services 

(% of GDP)” has a positive correlation with GDP. Considering the fact that GDP only takes in 

to account the transaction and where money eventually ends up, it is only affected when a 

certain object changes owner or is being produced. It does not, for example, value objects in 

the sense of possession. Therefore it comes as no surprise that “Exports of goods and 

services” contribute to a higher GDP, and imports have the opposite effect since money leave 

the country’s economy when goods and service are imported and vice versa.  

 

5.1.1.2 Health expenditure 

 

The model also shows that GDP has a positive correlation with “Health expenditure, total (% 

of GDP)” . One can argue that it contributes in two ways; firstly any money spent will, unless 

spent abroad, contribute to GDP, and secondly investing in healthcare will promote a healthier 

population with better abilities to cope with injury and sickness. Another possibility is that 

countries that have a high GDP/cap chooses to invest more in healthcare, so rather than high 

health expenditure increases GDP, GDP increases the investment in healthcare. 
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5.1.1.3 CO2 emissions 

 

Finally, the study concludes that CO2 emissions per capita has a positive correlation with 

GDP. Even though industrialized countries strive to apply environmental solutions to 

basically everything, the reality is that they in general have higher CO2 emission per capita 

than developing countries.  

It could be a result of factors such as a large amount of the population traveling by car on a 

daily basis or perhaps travelling abroad by airplane. It is also probable that parts of the 

population do not consider where or how the products that they consume on a daily basis are 

produced and transported.  

In developing countries, the consumption of products is lesser and people most likely travel 

more by public transportation/do not travel at all. However some of the difference is likely 

because of the fact that in poor countries many people heat their food, warm their houses and 

get light by burning kerosene and wood. The CO2 emissions from these sources are hard to 

calculate and are often forgotten when calculating the total CO2 emissions from countries.  

That at least some countries do not report these small emission sources is evident by the fact 

that some countries report a CO2 emission of 0 metric tons per capita. While this may 

represent some of the difference, the correlation between GDP and CO2 emission is far too 

strong to be explained by this fact. 

Unlike Health expenditure which can be used to increase a country’s GDP, the CO2 emissions 

is more an effect of industrialization rather than a tool to use for increasing the GDP/capita.  
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 5.1.2 Covariates with negative influence  

 

Figure 7: Negative covariates for the final model.  

 

  

The six coefficients listed in the table all have relatively narrow confidence intervals but the t-

stat values range from 2.7 (GDP per capita growth (annual%)) to 9.4 (Imports of goods and 

service (% of GDP)) which is less than the positive influences but not discouraging.  

5.1.2.1 Import 

 

As mentioned in the previous section '5.1.1.1 Export', import have the opposite effect of 

export on GDP. That means that "Imports of goods and services (% of GDP)" has a negative 

coefficient  as opposed to the positive coefficient “Exports of goods and service (% of GDP)”.  

 

5.1.2.2 Inflation 

 

According to our model “Inflation, GDP deflator (annual %)” is negatively correlated to 

GDP(PPP)/capita. Inflation measures a currency’s ability to purchase items over time, the 

higher the inflation the more currency is needed to purchase the same item after a certain 

amount of time.  

Inflation has a complex relation to GDP(PPP) and it is considered a problem for the economy 

when it is too high
1
 or too low or even negative

2
. The non-linear behavior of the correlation 

                                                             
1B. Braumann, 'Real effects of High inflation' , The International Monetary Fund, May 2000, May 5th 

2013, http://www.imf.org/external/pubs/ft/wp/2000/wp0085.pdf, p. 7 

2M. S. Kumar, T. Baig, J. Decressin, C. Faulkner-MacDonagh, and T. Feyziogùlu,  
' Deflation: Determinants, Risks, and Policy Options ', Occasional paper, Approved by Kenneth Rogoff, 
221, June, 2003, p.13 
 

Negative Influence 
Coefficient name Coefficient 

value 

Standard 

Error 

p-value  Average 

factor 

Imports of goods and services (% of 
GDP) 

-2,59E-02 
 

2,53E-03 
 

< 0,0001 
 

0,30 
 

Inflation, GDP deflator (annual %) -2,76E-02 7,74E-03 0,00049 0,83 

GDP per capita growth (annual %) -4,30E-02 1,59E-02 0,00766 0,88 

Arable land (% of land area) -8,19E-03 2,53E-03 0,00147 0,88 

Maternal mortality ratio (modeled 
estimate, per 100,000 live births) 

-1,18E-03 2,50E-04 < 0,0001  0,81 
 

Birth rate, crude (per 1,000 people) -4,78E-02 6,20E-03 < 0,0001 0,34 

http://www.imf.org/external/pubs/ft/wp/2000/wp0085.pdf
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between inflation cannot be accurately modeled by our linear model. However the negative 

correlation in our model could possibly be explained by the fact that deflation (negative 

inflation) is a much rarer occurrence than too high inflation. That means that our model shows 

a negative correlation which is true for far more countries, those with too high inflation, than 

the positive correlation which  the country with a deflation.   

 

5.1.2.3 GDP growth 

 

There is a theory that countries with low GDP per capita can experience a much higher 

growth while they are catching up to the countries with a higher GDP/cap. This theory gets 

some support by this model since it shows a correlation between a lower GDP/cap and higher 

GDP growth. However, GDP growth has the lowest impact on GDP(PPP)/cap in our model, 

which means that while this paper supports the theory it would seems that the effect is not 

vital for explaining the difference in GDP/cap. 

5.1.2.4 Arable land 

 

The study shows that “Arable land (% of land area)” is a negative coefficient. A possible 

reason for this is that the countries with a low percentage of arable land can't sustain a large 

agricultural sector. A smaller agricultural sector could mean that other sectors, that contribute 

more to GDP, gets bigger as people that would otherwise be farmers seek employment in 

those sectors.   

5.1.2.5 Maternal mortality ratio 

 

The model presented in this paper show that “Maternal mortality ratio (modeled estimate, per 

100,000 live births)” has a negative correlation with GDP/capita. The maternal mortality ratio 

may be correlated to health expenditure discussed previously, the higher the expenditure the 

better the healthcare usually is and therefore the ratio will be smaller. With better healthcare 

the population is better prepared to handle complications that can occur during labor. 

5.1.2.6 Birth rate 

 

Finally, the last coefficient shown to have a negative influence is “Birth rate, crude (per 1,000 

people)”. One could argue that the need for many children is larger in developing countries as 

there are no or an insufficient social security net provided by the state. This means that 

parents consider their children to be their social security net and the more children the better 

the chances that some will grow old and be able to take care of them.  

Another possibility is that with fewer children being born each child will get more resources 

such as education and healthcare which improves their possibility to become a productive 

member of society. A third explanation could be as each pregnancy is a health risk, fewer 

children should mean less mothers become injured or die in labor. Less children should also 

mean that women can more easily become a part of the work force as they are not pregnant as 

often .      
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Birth rate have a huge impact on GDP/cap in our model, having almost as big mean factor as 

import. This strong negative correlation is not a proof of causation, however it is so strong 

that it would seem like a good notion to see if family planning can be used to increase GDP 

and decrease poverty.  

 

5.1.3 The choice of covariates  

 

At first there were fifteen covariates including the dependent variable GDP/capita. In the final 

model only 10 of them were included, the reason for exclusion may differ for each covariate. 

Some may have been excluded due to inadequacy in maintaining their statistics of the 

covariate in question. It could also be because the statistics actually registered may not have 

been representative of the actual situation. In some cases the difference between countries 

may differ so much that the standard error for a covariate will be too significant and therefore 

will be excluded. This may also occur when the value of the covariate differs too much from 

the fitted value which produces a large standard error.  

The combination of the high    value and the low p-values for the final model gave satisfying 

results, where a large amount of the observed outcomes were statistically representative. 

Microsoft Excel was the software chosen to execute this study based on previous experience. 

The study had to be restrained, however, to run only 17 covariates in a linear regression 

because of limitations in the software. This study was restricted in time, and it was decided 

that other tools were not needed to do the regression. It is likely that with more time several 

models could have been made and some with a different method that could have been used to 

look at more than the 17 covariates in a single model. Many more of the covariates in the 

"World Development Indicators" database were quite interesting but had to be disregarded 

from due to the study’s limitations. If they had been included their impact on the GDP/capita 

could prove interesting and perhaps even result in a model with even better    and p-values.  

Even though a more extensive model would be interesting to look at, including more variables 

could lead to more extensive problems with missing data, increasing the multicollinearity. 

The missing data could also be a reason for exclusion as imputation using stochastic 

regression, or any other method, has it inherent problems. As mentioned before, there is no 

method that is perfect, but for covariate with missing data to be included the issue of missing 

values needs to be addressed. Whenever studying statistical material, one needs to be critical 

of source and method and whether or not it is actually representing the real world. If the 

report was extended perhaps another source of data would have been used in conjunction with 

the one use, however the official data from the world bank does seems like as a credible 

source you can get. 
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5.2 Comparing the model. 
 

In this section two claims built on statistical models are examined and checked if they are 

supported by the model presented in this paper. 

5.2.1 The Spirit Level:  Why more equal societies almost always do better 

 

In the book “The Spirit Level: Why More Equal Societies Almost Always Do Better”
 
the 

claim is made that more equal societies almost always do better.
 
 Written by epidemiologists 

Richard Wilkinson and Kate Pickett, with 50 years of research combined, a claim is put forth 

in the book that economically equal societies do better .  

5.2.1.1 Theory 

 

The claim is that a high economical equality amongst a society's population is preferable as it 

correlates to lower mental illness rate, infant mortality rate, obesity rate, children’s 

educational performance and a higher life expectancy amongst other things. 
1
 

 

(economical equality is defined as 
                            

                             
  in The Sprit Level)

 2
 

 

5.2.1.2 Examples and thoughts 

 

Their study show that differences with health factors can not only be explained by how much 

money is spent on healthcare. An example of this that the USA (which their study shows to be 

the most unequal) spends the highest percentage of their GDP on healthcare and is renowned 

for having the most advance healthcare in the world, but Greece which spends less of their 

GDP on healthcare have better statistics regarding health features. 3 

Wilkinson and Pickett claim that even the poorest people (of a relatively rich country) have 

enough to live well and that money spent today especially focuses on acquiring social status. 
4
 

A further claim is made that countries where the population have become richer but the 

economical inequality has increased had experienced an increase in health related issues such 

                                                             
1 R Wilkinson and K Pickett, The Spirit Level: Why More Equal Societies Almost Always Do Better, Allen 
Lane, London, 2009,p 17-18.  
2 R Wilkinson and K Pickett, The Spirit Level: Why More Equal Societies Almost Always Do Better, Allen 
Lane, London, 2009,p 16.  
3 R Wilkinson and K Pickett, The Spirit Level: Why More Equal Societies Almost Always Do Better, Allen 
Lane, London, 2009,p 55. 
4 Second hand source, Jämlikhet är rakaste vägen till hälsa för alla, article about The Spirit Level, 
written by J. MOLANDER, SVENSKA DAGBLADET, published 2010 11 22. 
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as mental illness and stress. This is especially apparent in countries where the income 

inequality has drastically increased since the seventies such as the USA.  

Therefore perhaps one should not only focus on investing in health expenditures, but as 

Wilkinson and Pickett say strive to reduce the gap in income which could be seen as an 

investment in a healthier population that can contribute to GDP/capita.  

In a society where a substantial amount of money is spent on acquiring social status, pressure 

to “succeed” is introduce at an early age so that such status can be realized later on in life. 

Perhaps this could explain why the educational factors were excluded in the final model of 

this paper, perhaps investment have reach the limit of effect in affluent countries, spending 

more money on education as it is today will not result in better results. Instead of investing 

more, they would have to go straight to the underlying problem as to where the students are 

too stressed to actually capitalize on the education offered.  

 

5.2.1.3 Does the model presented in this paper support their claim or vice versa? 

 

Our model does not look at income inequality, and our model looks at the entire world and 

not only on the high GDP/cap part of it. If this paper was extended it would have been 

interesting to look further in to the effect of income inequality, however as it stand we cannot 

give any support nor question The Spirit levels claims. 
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5.2.2 Hans Rosling  

 

Hans Rosling is a famous Swedish statistician, co creator of the statistical program 

"gapmider" and a professor at KI that travels the world lecturing about the state of the world 

and his theory on how to best improve it. 

 

5.2.2.1 Theory 

There are several important assumptions that construct professor Rosling theory on how to get 

a sustainable future:   

1. The way to a sustainable future is to stop population growth. 
1
 

2. That there is a correlation between GDP/cap, birth rate (population growth) and health 

factors
2
  

3. That there is a casualty between GDP/cap, birth rate (population growth) and health 

factors, that improving one will almost always improve the others (decrease 

population growth). 
2
 

4. That it is a cost efficient way to reduce poverty by spending money on family 

planning, basic healthcare and vaccination for the poorest. 
2
   

These four assumption together gives the theory that the best way to use aid to get a 

sustainable future is to give vaccination, basic healthcare and the ability to use family 

planning to the poorest.  

 

5.2.2.2 Does the model presented in this paper support Hans theory? 

Our model does handle the concept of sustainability and can therefore not say anything about 

assumption one. Assumption two is strongly supported by this papers model, as there is a 

strong negative correlation between GDP/cap and Birth rate in our model. There is also a 

positive correlation between  GDP/cap and health expenditure and a negative to maternal 

death ratio which further supports assumption two. As our model does not handle causality it 

cannot give any definitive support for assumption 3 and 4, however as the correlation is 

strong between GDP and birth rate/health factors it would be a reasonable assumption based 

on our model. 

in conclusion our model support assumption  two, somewhat supports three and four and 

doesn’t say anything about statement one. 

                                                             
1 Hans Rosling: Global population growth, box by box, film, TED, filmed at TED@Cannes, June 2010, 
http://www.ted.com/talks/hans_rosling_on_global_population_growth.html 
 
2 Hans Rosling: Let my dataset change your mindset, film, TED, filmed at the US State Department, 
summer 2009, http://www.ted.com/talks/hans_rosling_at_state.html.  

http://www.ted.com/talks/hans_rosling_on_global_population_growth.html
http://www.ted.com/talks/hans_rosling_at_state.html.
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