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“The modern capitalist economies, in contrast to all earlier societies, allow them to generate 
sustained growth in productivity and living standards” 
     Robert Emerson Lucas (Nobel Award winner)

“The higher Okun misery index, the greater the economic and social discomfort. We are less 
pained by inflation if the job market is jumping and is less sensitive to others’ unemployment, 
if a placid price level is widely enjoyed”. 

             Richard F. Janssen

Abstract

The main purpose of the present study is to develop a statistical analysis of the GDP growth 
rate, Okun misery index and association between them for Albania during the period January 
2005-December.Some results of the present study include: 

• The official data of the quarterly GDP growth rate for Albania during the period January 2005 
– December 2014 contradict Kolmogorov’s Central Limit Theorem at the confidence level77.1%.
• The GDP growth rate for Albania during the specified period is anunfair game at the confidence 
level78.2%.
• The official data of the quarterly Okun misery index for Albania during January 2005-December 
2014 contradict Central Limit Theorem at the confidence level 86.4%.
• The miserably process in Albania during the specified period is an unfair game at the confidence 
level 98.3%.
• Kendall tau rank correlation coefficient between quarterly GDP growth rate and quarterly Okun 
misery index is -0.0606, which indicates a quite weal negative association between these two 
random variables.
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Abbreviations: 
 CLT- Central Limit Theorem
 GDP- Gross Domestic Product
 KSL- Kolmogorov-Smirnov-Lilliefors
 SW- Shapiro-Wilk
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Introduction

The main purpose of the present study is to develop a statistical analysis of the quarterly 
GDP growth rate for Republic of Albania during the period January 2005- December 
2014.
GDP is the market value of all officially recognized final goods and services produced 
within a country in a given period of time (quarterly GDP versus annual GDP), Blanchard 
(2011), Mankiw (2011), Taylor (2008).  GDP per capita is often considered as an indicator 
of a country’s standard of living. Official GDP estimates does not take into account the 
underground economy, in which transactions contributing to production (such as illegal 
trade and tax-avoiding activities) are unreported, causing GDP to be underestimated. 
GDP can be determined in three ways, all of which should, in principle, give the same 
result: 
• Production Approach 
• Expenditure Approach 
• Income Approach 
The most direct of three ways is the Production Approach which calculates the sum of 
outputs of every class of enterprise to arrive at the total. 
In Albania, GDP was calculated by INSTAT only through Production Approach and 
Expenditure Approach. Among these two methods, is being considered that Production 
Approach better evaluates GDP for Albania’s conditions. 
• According to the Production Approach, GDP is calculated by the formula: 
GDP = VAT + TP + CT + SB,  where
GDP denotes the Gross Domestic Product at market prices, 
VAT denotes Value Added Tax at basic prices, 
TP denotes taxes on products including VAT, 
CT denotes customs tax, 
SB denotes subsidies on products and imports. 
The Production Approach is the basic method to calculate GDP in Albania.
Data on the quarterly growth rate before January 2005 is missing. 
The misery index is an economic and social indicator, initiated by late economist Arthur 
Melvin Okun, the Chairman of the Council of Economic Advisers under US President 
Lyndon B. Johnson in the 1960s. The misery index denotes the sum of a country’s inflation 
and unemployment rates. It only captured the severity of the two vexing issues of the time, 
inflation and unemployment. The misery index is an important indicator of economic 
success or failure; the higher the total score, the worse the misery. There is no doubt that 
the inflation and unemployment rates should be two important criteria in judging the 
success or failure of any economic policy. The impact of the misery index in business is 
significant. The misery index affects confidence. As it increases, consumers, businesses 
and investors become less confident about the future. The rest of the paper is organized 
as follows: 

• Section 2 contains the mathematical apparatus. 
• Section 3 provides the investigation of the quarterly GDP growth rate for Albania during 
the period January 2005-December 2014.
• Section 4 presents the dynamics of the quarterly Okun misery index. Section 5 provides 
the association between GDP growth rate and Okun misery index. Section 6 concludes 
the paper. 
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Mathematical Apparatus

The Central Limit Theorem (CLT) explains why many probability distributions tend to be 
very close to the normal distribution. The CLT is also known as the second fundamental 
theorem of Probability Theory. The Law of Large Numbers is the first fundamental theorem, 
and the Law of the Iterated Logarithm is the third fundamental theorem of Probability 
Theory. The Law of the Iterated Logarithm tells us what is happening “in between” The 
Law of Large Numbers and The CLT. Specifically, it says that the normalizing function

, intermediate in size between n of The Law of Large Numbers and  of The 
CLT, provides a nontrivial limiting behavior, see Shiryaev (2006). A contemporary version 
of the CLT is given by Kolmogorov.

 Theorem 1 (CLT)
If all random samples ( ) of a reasonably large size n > 30 are selected from 
any random variable (population) X with finite expectation μ and variance σ2 then the 
probability distribution of the sample mean  is approximately normal with expectation 

μ and variance . This approximation improves with larger samples, as n , see 
Kolmogorov (2002).

Theorem 2 (Berry – Esséen)
If the third central moment E(X- μ)3 exists and is finite, then the above convergence is 

uniform for all x  (-  and the speed of convergence is at least on the order , 
see Shiryaev (2006).

Theorem 3 (Arstein – Ball – Barthe – Naor)
The convergence to normal distribution is monotonic in the sense that the entropy of the 
random variable 

increases monotonically to that of the standard normal distribution (Arstein, Ball, Barthe, 
and Naor, 2004). The amazing and counterintuitive thing about CLT is that no matter 
what the probability distribution of the parent population X, the probability distribution 
of the sample mean  approaches a normal curve.
Theorem 1 

If a stochastic process )(tX  is 0
tF – martingale, then E [ )(tX ] = constant,  Ν∈∀t .

Theorem 2 

If a stochastic process is not 0
tF – martingale, then it is not also −tF martingale. 

Theorem 3 

The stochastic process { )(tX }, Ν∈t , is a 0
tF – martingale if and only if the   process

   { }   , 2  , )1()()( ≥−−= ttXtXtZ
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is a fair game. That is, Z(t) follows normal distribution and 

.3  ,       0 )]2([]|)([ 0
1 ≥∀==− tZEFtZE t

In most applications where we wish to test for normality, the population mean µ  and 

variance 2σ  are unknown. In order to perform the Kolmogorov–Smirnov test, we 

must assume that  µ  and 2σ  are known. The Lilliefors test, which is quite similar to 
the Kolmogorov – Smirnov test, overcomes this problem. The major difference between 

the two tests is that, with the Lilliefors test, the sample mean 
_
x  and the sample standard 

deviation s are used (instead of µ  and σ ) to calculate the cumulative distribution 
function F(x). The sample cumulative function S(x) and the test statistic 

   
)()(max ii xSxFD

i
−=

are both computed as in the Kolmogorov – Smirnov test. In the Lilliefors test we compare 
the computed value D with the critical value Dc provided by the table of the Lilliefors 
test. The SW test for normality compares a set of sample data ( ) against 
the normal distribution. The SW test for normality is a very powerful test. This test is of 
regression type and assesses how well the observed cumulative frequency distribution 
curve fits the expected normal cumulative curve. The SW test for normality is sensitive to 
both skewness and kurtosis.  In general, SW test is more accurate that KSL test, Cramer 
– Von Mises test, Durbin test, Chi-squared test, and b1 test. (Wackenly, Mendenhall, and 
Schaeffer 2007, Hogg 2009, Field 2009). We use SPSS version 21. 

Investigating the quarterly GDP growth rate 

The data set is quarterly GDP growth rate for Albania during the period January 2005 - 
December  2014, see table 1. The source of the official data is INSTAT using SPSS, compute 
statistical parameters for the data. 

Sample size 40
Sample mean .8897
95% confidence interval for mean .2157 , 1.5638
Median 1.035
Variance 4.441
Standard deviation 2.10747
Coefficient of variation 2.368 = 236.8%
Maximum 6.38 
Minimum -2.61
Range 8.99
Interquartile range 2.53
Skewness .455
Kurtosis .291

Test the hypothesis 
H0 : The quarterly GDP growth rate for Albania during the period January 2005- December 
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2014 follows a normal distribution. 
H1: The quarterly GDP growth rate for Albania during the period January 2005- December 
2014 follows a non-normal distribution. 
We apply KSL test as well as SW test for normality. Using SPSS, we find the observed value 
of SW test = .964 and corresponding significance = .229. The KLS test is not applicable 
for this data set. 
Decision Rule: Reject the null hypothesis H0 at the confidence level 77.1%. In other words, 
the official data of the quarterly GDP growth rate for Albania during the period Jan 2005 
– Dec 2014 contradict Kolmogorov’s CLT at the confidence level 77.1%.
The data set consists of the successive differences of quarterly GDP growth rate for Albania 
during the period Jan 2005 – Dec  2014, see table 1. Using SPSS, we compute statistical 
parameters for this data set.

Sample size 39
Sample mean .1123
95% confidence interval for mean -.8991, 1.1237
Median .53
Variance 9.735
Standard deviation 3.12016
Coefficient of variation 27.78= 2778 %
Maximum 7.88
Minimum -6.38
Range 14.26
Interquartile range 3.45
Skewness .031
Kurtosis .113

 Test the hypothesis 
H0 : The successive differences of the quarterly GDP growth rate for Albania during the 
period Jan 2005 – Dec 2014 follow a normal distribution.
H1: The successive differences of the quarterly GDP growth rate for Albania during the 
period January 2005- December 2014 follow a non-normal distribution. 
Using SPSS, we find the observed value of SW test = .985 and corresponding significance 
= .864. The KSL test is not applicable for this data set. 
Decision Rule: The GDP growth rate process for Albania during the period Jan 2005 – 
Dec 2014 is a fair game at the confidence level 86.4%. 
  Test the hypothesis 
H0 : The relative successive differences of the quarterly GDP growth rate for Albania 
during the period Jan 2005 – Dec 2014 follow a normal distribution.
H1: The relative successive differences of the quarterly GDP growth rate for Albania during 
the period January 2005- December 2014 follow a non-normal distribution. 
Using SPSS, we find the observed value of SW test = .850 and corresponding significance 
= .000 . The observed value of KSL test is .182 and corresponding significance .002. 
Decision Rule: The GDP growth rate process for Albania during the period Jan 2005 – 
Dec 2014 is not effective at the confidence level 99.9%. 
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The Dynamics of the Quarterly Okun Misery Index 

The data set is quarterly Okun misery index in Albania during January 2005 – December 
2014, see Table 1. We compute the statistical parameters for the data. 

Sample size n= 40
Sample mean 15.488
95% confidence interval for mean 14.717 , 16.258
Median 15.950
Variance 5.807
Standard deviation 2.4098
Coefficient of variation .1556
Maximum 20.5
Minimum 11.2
Range 9.3
Interquartile range 3.7
Skewness .045
Kurtosis -.731

Using Kolmogorov-Smirnov-Lilliefors test as well as Shapiro-Wilk test for normality, we test 
the following hypothesis:

0H : The quarterly Okun misery index in Albania over the period January 2005 – 
December 2014 follows a normal distribution. 

1H : The quarterly Okun misery index over this specified period follows a non-normal 
distribution.
Using SPSS (2013), we find the computed value of W statistics = .957 and the corresponding 
significance is .136. The computed value of KSL test is .118 and the corresponding 
significance level is .17.

Decision Rule: Reject the null hypothesis 0H  at the confidence level 86.4%. In other 
words, the CLT is not valid for quarterly Okunmisery index in Albania over the period 
January 2005 – December 2014, at the confidence level 86.4%.
The successive difference of the quarterlyOkun misery index, are given in Table 1. Please 
find below the statistical parameters related to this data set. 

Sample size n= 39
Sample mean .074
95% confidence interval for mean -.545,  .694
Median .1
Variance 3.649
Standard deviation 1.91
Coefficient of variation 25.81
Maximum 4.9
Minimum -4.7
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Range 9.6
Interquartile range 1.5
Skewness -.207
Kurtosis 1.234

Using KSL test as well as SW test for normality we test the hypothesis: 

0H : The successive differences of the quarterly Okun misery index in Albania over the 
specified period follow a normal distribution. 

1H : The successive differences of the quarterly Okun misery index follow a non-normal 
distribution.
We apply the KSL test as well as the SW test for normality Using SPPS (2013) we find the 
computed value of KSL test= .157 and associated significance level= .017.The computed 
value of W statistics is .953, which corresponds to a significance level of .101. 

Decision Rule: Reject the null hypothesis 0H  at the confidence level 97.6 %.  In other 
words, the miserably process in Albania during the period January 2005 – December 2014 
is an unfair game at the confidence level 98.3%.

Association between GDP growth rate and Okun misery index

In mathematical statistics, the Kendall tau rank correlation coefficient used to measure a 
monotone association between two random variables X and Y. Let (x1, y1), (x2, y2),..., (xn, 
yn) be a random sample of the joint random variable (X, Y).
Definitions
Any pair of observations (xi, yi) and (xj, yj) are said to be concordant if xi <xj andyi<yjor if 
xi>xj and yi>yj(i.e. the ranks of both elements agree). They are said to be discordant if xi <xj 
andyi>yjor if xi>xj and yi<yj. If xi = xj andyi=yj, the pair of observations (xi, yi) and (xj, yj) is 
neither concordant nor discordant.
Kendall tau rank correlation coefficient is defined by the formula:

Tau= , where n denotes the 
sample size.
Kendall tau rank correlation coefficient is named after Sir Maurice George Kendall (1907-
1983), a distinguish British statistician. 
Properties of Kendall tau rank correlation coefficient
• If the agreement between the rankings of populations X and Y is perfect, then tau=1.
• If the disagreement between the rankings of X and Y is perfect, then tau = -1.
• If X and Y are independent random variables, then the expectation (mathematical 
expectation) of tau is equal to zero.
For more information about Kendall tau see Kendall (1970), Nelsen (2001), Prokhorov 
(2001), Abdi (2007).
Kendall tau rank correlation coefficient is used as an appropriate test statistics in a 
hypothesis testing, to make a decision where two random variables X and Y are dependent. 
Using R package, it is possible to compute the exact value of Kendall tau as well as the 
exact Kendall coefficient test p-values for n ≤ 60, (Amerise, Marozzi and Tarsitano, 2011). 
Kendall tau rank correlation coefficient between quarterly GDP growth rate (X) and 
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quarterly Okun misery index (Y) is -0.0606, which indicates a quite weak negative 
association between these two random variables.
The GDP growth rate X and Okun misery index Y are statistically independent, at the 
confidence level 41%. 
Kendall tau for successive differences of X and successive differences of Y is 0.14238, 
which indicates a weak positive correlation between them. 
These two families of successive differences are statistically independent at the confidence 
level 79%. 

Conclusion

In the present study we develop a statistical analysis of the quarterly GDP growth rate for 
Albania during the period January 2005 – December 2014. 
Using the Kolmogorov’s CLT and the “fair game” concept in Stein - Vorobiev sense, we 
obtain the following results: 
• The official data of the quarterly GDP growth rate for Albania during the period Jan 
2005 – Dec 2014 contradicts the CLT at the confidence level 74.9%.
• The quarterly GDP growth rate process for Albania during the period Jan 2005 – Dec 
2014 is a fair game at the confidence level 86.4%. 
• 95% confidence interval for the unknown mean µ of the quarterly GDP growth rate in 
Albania during the period Jan 2005 – Dec 2014 is (2157 , 1.5638).
• The GDP growth rate process for Albania during the period Jan 2005 – Dec 2014 is not 
effective at the confidence level 99.9%. 
• The Central Limit Theorem is not valid for the quarterly Okun misery index in Albania, 
over the perid of January 2005 – December 2014  at the confidence level 86.4%. The 
miserably process related to the quarterly misery index is an unfair game at the confidence 
level of 98.3%. An important question posed by this analysis is: How can the Albanian 
Government reduce the Okun misery index?
• Kendall tau rank correlation coefficient between quarterly GDP growth rate (X) and 
quarterly Okun misery index (Y) is -0.0606, which indicates a quite weak negative 
association between these two random variables. 
• The GDP growth rate X and Okun misery index Y are statistically independent, at the 
confidence level 41%.
• Kendall tau for successive differences of X and successive differences of Y is 0.14238, 
which indicates a weak positive correlation between them. 
• These two families of successive differences are statistically independent at the confidence 
level 79%. 
The method developed in the present study for investigating the GDP growth rate, Okun 
misery index and association between them can be applied to any country, where suitable 
official data exists. 
These findings are of a particular importance to Albanian Parliament, Albanian 
Government and especially to Albanian citizens.
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Table 1: Quarterly GDP growth rate, Okun misery index and their successive 
differences for Albania.

Year Quarter GDP
Successive 
differences of 
GDP

Okun misery 
index

Successive diff of 
Okun misery index

2005 Q1 -1.96 16.4
Q2 5.92 7.88 11.7 -4.7
Q3 -0.46 -6.38 11.2 -0.5
Q4 0.07 0.53 16.1 4.9

2006 Q1 0.98 0.91 16 -0.1
Q2 1.09 0.11 14.1 -1.9
Q3 1.96 0.87 12.6 -1.5
Q4 3.6 1.64 15.5 2.9

2007 Q1 -0.86 -4.46 15.9 0.4
Q2 -0.29 0.57 12.7 -3.2
Q3 1.78 2.07 13.6 0.9
Q4 6.38 4.6 15.1 1.5

2008 Q1 2.08 -4.3 15.5 0.4
Q2 -1.68 -3.76 12.4 -3.1
Q3 1.76 3.44 11.8 -0.6
Q4 1.37 -0.39 13.7 1.9

2009 Q1 2.59 1.22 14.5 0.8
Q2 1.92 -0.67 12.6 -1.9
Q3 -2.24 -4.16 12.1 -0.5
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Q4 -2.34 -0.1 15.9 3.8
2010 Q1 3.24 5.58 16.9 1

Q2 2.2 -1.04 12.8 -4.1
Q3 -0.15 -2.35 12.9 0.1
Q4 0.65 0.8 15.3 2.4

2011 Q1 3.19 2.54 16 0.7
Q2 -2.61 -5.8 16.3 0.3
Q3 1.69 4.3 16.2 -0.1
Q4 -0.12 -1.81 16.3 0.1

2012 Q1 -0.42 -0.3 16.4 0.1
Q2 0.95 1.37 16.2 -0.2
Q3 2.06 1.11 16.8 0.6
Q4 -1.25 -3.31 16.5 -0.3

2013 Q1 0.15 1.4 17.3 0.8
Q2 1.13 0.98 18.6 1.3
Q3 -1.95 -3.08 18.7 0.1
Q4 -1.61 0.34 18.6 -0.1

2014 Q1 1.42 1.42 20.5 1.9
Q2 -0.37 -1.79 19.3 -1.2
Q3 3.3 3.67 19.2 -0.1
Q4 2.42 -0.88 19.3 0.1


