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Abstract 

As the development efforts in most of the poor countries involve investments that are greater 
than their domestic savings, foreign finance in the form of external debt becomes absolutely 
necessary. Ethiopia like other developing countries, has been borrowing foreign funds in order to 
increase capital stock and fasten its economic growth. Public external debt problem which began 
in 1970s   in most LDCs including Ethiopia contributed to the country’s overall poor economic 
performance. In particular, the external debt burden has grown to an impossible level, claiming 
twice what the country earns from its exports of goods and services. If Ethiopia were a company 
rather than a sovereign country, it would have been declared bankrupt and would have ceased to 
exist long ago (Befekadu, 2001).  This study focuses on the Co integration analysis of External 
debt, Private investment and Economic growth by employing the Johansen co integration 
technique using “time-series” data for Ethiopia over the period 1974/75-2010/11 to reveal the 
short run and long relationship among these variables. In doing so, the study therefore tries to 
check the existence of the debt overhang and crowding out effect in Ethiopia.  The study found 
the existence of one cointegrating vector in all the three specified models, indicating a valid long 
run economic relationship among the variables under consideration in each of the equations 
specified. The empirical evidence provided by the models result indicated that external debt 
accumulation has a negative impact on economic growth but not in private investment. The 
results offer a confirmation of the debt overhang hypothesis for Ethiopia in the long run and 
short run though the magnitude of the coefficients is quite small in the Vector Error Correction 
model, via its effect in real gross domestic product (GDP). However, the results also indicated 
that debt servicing does not appear to affect private investment and growth adversely, implying 
the absence of crowding out effects on private investment and economic growth.   Moreover, the 
results suggest that trade deficit and appreciations of real exchange rate are the fundamental 
variables responsible for debt accumulation in Ethiopia. In view of these results I recommend 
more and more debt relief to Ethiopia and several policy implications emerge from the study. A 
cautious macroeconomic policy in general and policies aimed at reducing trade deficit and one 
that will not unnecessarily appreciate exchange rate should be adopted in particular is helpful. 
 

Key words:  Investment, External debt, Economic Growth 
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Introduction 

The debates over the effects of debts to economic growth are fascinating as many studies provide 
different outcomes. Foreign debt crisis in the1980s left people with an impression that external 
debt retards economic growth. However, in the 1970s, the borrowing countries of external debt 
enjoyed a larger capital stock and did not experience slower growth immediately. These 
relationships between external debt and growth are largely unexplained. Arguments suggesting 
that foreign indebtedness promotes growth usually involve a complementary role that foreign aid 
plays to domestic savings and thus to resource mobilization, capital accumulation, and 
industrialization (Chowdhury, 2001).On the other hand, external debt can bring negative impacts 
to the economic growth as well through several contributors such as the interest payment of the 
debt and the debt overhang situation. The rate of debt accumulation and increase in debt 
servicing are major factors affecting the growth rate of output (Siddiqui and Malik, 2001). Lin 
and Sosin (2001) argue that it is the interest payment of the debt that retards the economic 
growth. The authors mentioned that in order to pay the principle and interest, more future tax 
revenues must be raised or the given tax revenue must be diverted from other productive uses, 
which may hurt economic growth and Investment. IMF (2004) adds that greater reliance on 
foreign-currency debt is associated with a higher frequency of debt crises.   
 
Given these facts,one of the greatest problems facing many Sub-Saharan African countries today 
in general and Ethiopia in particular is therefore, the amount of their external indebtedness. The 
external debt problem is becoming more acute for a number of reasons. First, the size of the debt 
relative to the size of the economy is enormous and can lead not only to capital flight but also 
may discourage private investment. Secondly, debt servicing payments form a significant 
proportion of the annual export earnings. Meeting debt servicing obligations eats significantly in 
to whatever other services can be provided to improve the welfare of the citizens and therefore 
has macroeconomic implications. High debt service payments may result to crowding out of 
important government spending such as development projects, health, education and water (Lora 
& Olivera, 2007). There is already a concern that debt service is crowding out government 
spending on important services. This raises the question of whether a country can grow fast 
enough to maintain debt obligations and adequate domestic investment. Thirdly, the burden of 
debt for a large number of Sub-Saharan African countries threatens not only the execution but 
also the prospects of success of adjustment programs being embarked up on. 
 

Moreover the external debt for Ethiopia is expected to increase significantly in the immediate 
future because of the need to secure finance from external sources to undertake big infrastructure 
projects. This external debt will have to be repaid in the future against depreciating Birr and 
devaluation of domestic currency or appreciation of foreign currency means an increase in the 
real value of debt-service repayments. Therefore, the problem is how economic growth will be 
affected by the repayment of the external debt in the long run. Since, the external debt may be 
expected to affect economic growth in two ways: (1) the required debt service payment may 
create the crowding out effect on investment by transferring resources out of the country in the 
form of interest and principal repayment: and (2) large debt may overhang and discourage 
investment especially private investment in that the private sector in the anticipation of increased 
taxes  
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The increasing debt to GDP and debt to export ratios in addition to interest and principal arrears 
showed an unprecedented increase in the level of the country’s external debt.  And those 
indicators listed above revealed that the total debt is approaching the  nation’s GDP and around 3 
fold of total export in 2010/11 implying that the debt burden, as compared to the country’s 
capacity, is too heavy to take care of itself (see table below). 

 
Table A: External debt burden indicators for Ethiopia for some selected years (in percentage). 

 
 1974/75  1982/83 1990/91 1991/92 1999/00 2010/11 
Debt Service  to 
Export  ratio 

21.42 511.02 127.44 
 

263.01 56.29 8.73 

Debt to GDP  
ratio 

2.07 6.37 15.61 
 

14.55 66.99 78.72 

Debt Service  to 
GDP ratio 

0.28 5.74 1.64 
 

1.86 3.34 2.25 

Debt  to Export  
ratio 
 

160 568 1216 
 

2058 1128 305 

Source: Own Computation based on data from MoFED and EEA Statistical Data Base 2010. 
 
In Ethiopia both the debt stock and the debt to GDP ratio increased steadily since 1980s and the 
1990s. This makes Ethiopia one of the Sub-Saharan, which have a total debt that exceeds their 
GDP, having a debt to GDP and debt to export ratios of 108.2 and 642.4 % in 1980s and 150 and 
980 % in 1990s, respectively . The comparable figure of debt to GDP ratio for East and South 
Africa and North Africa is 129.5 percent and 77.8 percent in the1990s, respectively [Alemayehu, 
1997]. This causes a severe debt servicing ratio in the country.   
 

There have been several attempts to empirically assess the External debt-Economic growth link-
the debt overhang and crowding out effects-mainly by using OLS.  Samson, (2002) analyzed the 
public external debt problem in Morocco and Nigeria between 1980 and 2001 and identified 
factors such as fiscal policy inefficiency (e.g. over-ambition to speed up development process in 
the absence of adequate domestic funds) and low level of domestic savings. External factors 
include oil price shocks, deterioration in terms of trade, rising interest rate in the international 
capital market, and collapse in commodity prices in world market. He found both domestic and 
external factors to have significant influence on the accumulation of foreign debt, but relative 
contribution of domestic factors (mainly growth of fiscal expenditure and domestic savings) was 
higher compared to those of external factors (mainly balance of payment and interest payments).  

 
Anoruo, et al. (2006) also analyzed external debt of 29 highly indebted poor countries in Sub-
Saharan Africa from 1984 to 2000. By applying panel data regression analysis, they found that 
there is strong relationship between growth of external debt to GDP and factors such as real 
exchange rate, economic slowdown, interest payments and non-interest current account balance  
They found that all the variables were statistically significant, although at different levels.  
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Maureen Were (2001) examines the impact of external debt on economic growth and private 
investment in Kenya. The author observes the structure, magnitude, composition and 
determinants of Kenya’s external debt. The study finds that debt accumulation and current debt 
flows discourage growth. But, current debt flows stimulate investment and debt accumulation 
deters investment.   

 
Regarding the effect of external factors on private investment it can be viewed from two angles:   
First, a raise in international interest rates on debt will increase the burden of debt and thus, 
reduce the import capacity, which may have a direct negative effect on the level of private 
investment (Alemayehu, 1997). Second, the domestic private sector itself holds foreign assets 
and if the burden of future debt is viewed as a heavy tax burden, this can lead to capital flight.  

Many studies relating to the above-mentioned issues have been carried out. In the case of 
Ethiopia, Befekadu (1992) used a method of eye-balling to test the debt overhang effect on 
investment. In his conclusion, the debt overhang hypothesis does not seem to hold in Ethiopian 
case. Indeed, Dawit and Yemisirach  (2001) using Engel-Granger ECM regression also found 
that there is no evidence of debt overhang effect and a crowding out effect of debt on investment 
in Ethiopia.   

Despite all these facts as it may be ,external debt can have positive impact on economic growth. 
This is the case when an expansion of public debt leads to an increase in public expenditure and 
an increase in economic growth through the government expenditure multiplier. Therefore, the 
impact of external debt cannot be determined a priori, and hence it is vital to have a critical 
empirical analysis to investigate/explore the Co-integration analysis of External Debt, private 
investment and Economic growth and the validity of debt overhang hypothesis and crowding out 
effect in Ethiopia.  
 

 

Significance of the study 

The study is aimed to contribute to the existing knowledge on external debt and how best the 
country can ensure sustainability of external debt and reduce its adverse effects on Private 
investment and Economic growth.  Hence, based on the findings of  the paper result, it is 
indispensable for policy makers to take in to account the circumstancec in which foreign 
indebtedness has an impact on the performance of the home economy with its proper measure 
/remedybefore a given External debt is incured.   
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Material and Methods  

Data Types and Sources 

This research uses secondary data.  The time series data which covers the period from 1974/75 to 
2010/11 is collected from various sources including Ministry of Finance and Economic 
Development, Ethiopian Economic Association, National Bank of Ethiopia, World Bank and 
International Monetary fund data base (2010-2012)  

  

Methods of Data Analysis and Estimation Techniques  

 

Unit root and Co-Integration analysis 

  

Among the methods of testing the presence of unit roots in the variables, Augmented Dickey-
Fuller (ADF) test is used in this study.  The ADF test is identical to the standard DF test but it is 
constructed within the regression model of the form: 
 

																																												Δ 	α 	 Δ 		 U  

 
The Johanson method that is used here is established as the standard for vector auto regression 
systems [Harris, 1995]. Hence, given n potentially endogenous variables, it is possible to model 

as unrestricted vector auto regression (VAR) with p lags of  as: 
 

															 	 	 	 	 	 	…………… ..		 	 	 		 	 U  
 
Where;  ( 1  matrix,  

	 	 matrix of parameters and 
U Independently and identically distributed (IID) n dimensional vector with vector mean 0 
and variance	Ω, i. e, U 	∼	IN (0,Ω) 
 
Since an important issue in econometrics is the need to integrate short-run dynamics with long-
run equilibria, the Error correction model (ECM) for VAR model can be derived and become: 
  
																													Δ 	 	∑Π 	 Δ 	Π                                      
 
Where Π 	 	 ∑ ), 

Π 	 	 ∑ ) and	 	
	vector	of	dummies, intercepts	and	predetermined	exogenous	variables. 
 
The number of co-integrating vectors can be obtained by checking the significance of the 
characteristic roots of  Π . It is believed that the rank of a matrix (    is equal to the number of 
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its characteristic roots that differ from zero. Thus, if Π has a full rank (i.e., there are	    
linearly independent columns), then all the variables in  are I (0). While if the rank of Π	is 
zero, then there are no co-integration relationships. If there is reduced rank (that is, there are 	
	 1   co-integration vectors), it is possible to represent  Π as  where	 	is ( 	   vector 

of long run parameters and  matrix represents speed of adjustment to disequilibrium [Harris, 
1995]. 
 
The test for the number of characteristic roots that are significantly different from unity can be 
conducted using the following two test statistics 	where	  is the estimated values of the 
characteristic roots (also called eigen values) obtained from the estimated Π	matrix and T = the 
number of usable observations 
 

																																										 		 	 	∑ In (1 ) 
																																										 , 1 	In (	1  )  	 

 

Model Specification 

To this study, the model adopted is based on Elbadawi et al’s (1996) and Chowdhury (1994) 
model specification, with minor adjustment and theoretical justification. 

 

Real GDP Model 

The regression equation is specified as: 

	 		 	 	
	 	 	 U                                                                 

Where	  = Log Real GDP;  = Log Stock of external debt to GDP ratio that 
captures the debt overhang effect ( );   = Log debt service as a ratio of export earnings 
which reflect the ‘crowding out’ effect ( ; =Fiscal deficit to GDP ratio( ; 

= Log Current real private investment as a ratio of GDP that captures the accelerator 
principle	 ;  = Log Terms of trade (captures external shocks) at time t ( );	  = 
Log Human capital development at time t, which is proxied by government spending on 
education ;	   =Rate of inflation, which is proxied by changes in consumer price index 
( ;  = Log Movements in real exchange rate (reflects incredibility of policies) ( ); 
U israndom error term at time t. The sign under each bracket is the expected signs of the given 
variable.   

When we see the effect of the debt overhang variable, total stock of external debt to GDP ratio, 
on real GDP, one can expect a both way relationship.  First, the higher the level of indebtedness, 
ceteris paribus, the more it indirectly depresses the level of GDP by encouraging capital flight 
due to tax increase expectations. However, if a significant portion of external borrowing is 
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directed toward financing efficient investments in productive capital, positive correlation 
between the countries’s GDP level and its external debt can be anticipated.   

The effect of inflation is expected to be negative as it is a kind of tax that pays for the deficit by 
taking real purchasing power away from those who hold money and fixed claims on money 
(Beim, 2002). The impact of government fiscal deficit is expected to be negative if deficit 
crowds-out public saving and resource inflow encourages corruption and resource outflow.  

Sawada (1994) and Rockerbie (1994) found that there is a statistically significant inverse 
relationship between debt burden and economic growth show that external debt obligations have 
a significant negative effect on real GDP.   

The growth rate of investment of a country is obviously expected to have a positive impact on 
the growth of output. Because output is directly affected by the growth rate of investment. This is 
becouse aaccording to the accelerator principle, growth in investment facilitates faster output.    

Real exchange rate is included in the output equation as a proxy for policy reform. Thus, on the 
one hand, devaluation of real exchange rate is expected to encourage exports and discourage 
imports, thus improve balance of payments, on the other hand, as domestic currency devalued 
the value of import increased and as the result cost of production (especially cost of imported 
input materials) will raise which affect output negatively.   

In the output equation also we incorporate the effects of changes in the country’s terms of trade 
(TOT). On the one hand, it is expected that an increase in TOT increase the level of income 
(improve balance of payments). On the other hand, TOT is expected to have a negative effect on 
income through the price effect. That means, when the price of import increase relative to 
exports through the price effect the demand for imports will fall. This affects the level of output 
negatively especially when the country depends highly on imported input in the production 
process.   

Gungor (1997) notes that human capital which describes the knowledge and skills embodied in 
individuals are an important source of realGDP. Human capital accumulation (the acquisition of 
knowledge and skills that improves the ability of individuals to solve problems and to think 
critically) is believed to promote higher growth by improving labour force which will be more 
productive on the job by requiring less supervision and possessing greater initiative in handling 
job-related problems. In contrast to Elbadawi, et al. (1996) and Chowdhury (1994), this study 
assumes that the role of human capital development is more important in explaining growth than 
just population growth. 

External debt accumulation Model 

	 	 		 	 		 		 	 	
		U                                                                                                        

Where =   Trade balance (deficit) as proportion of GDP ; 	 =Real interestrate; 
andU israndom error term at time t. 
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Based on empirical literature on external debt, we propose the following relationships to hold 
true in our analysis, i.e., the expected signs of the coefficients for the External Debt model are as 
shown below: 
 

	, , , 	 , , =  

Economic theory suggests that an increasing level of investment, ceteris paribus, would reduce 
external borrowing by providing more investible funds through the financial sector of the 
domestic economy, Samson (2002). By analogue, a decreasing level of investment would mean a 
country has to borrow more to complement low investment. However, increasing level of 
investment may also increase borrowing in a situation where a country becomes ambitious of 
growth prospects, hence more borrowing.    

Private Investment Model 

	 	 		 		 	
	U  

The expected signs of the coefficients for the private investment model are as shown below:    

= , , 			 = ( ,		 =  , =(  

Note that all variables but real interest rate, inflation rate, and trade balance are in natural 
logarism. 

Real GDPis also included in the investment equation since it is expected to capture the 
“investment accelerator” effect (Iyoha, 2000). This is because higher income means higher 
saving which leads to higher investment. As a result, higher income is expected to accelerate 
investment level. Inflation may affect investment independently from its effect through the real 
interest rate. Theoretically, the effect of inflation on private investment is ambiguous. An 
uncertainty about future asset values could either discourage investment because of the 
substitution effect of the lower real rate of return or encourage investment for precautionary 
motives .The real rate of interest is included in the investment equation in light of Keynesian 
theory of investment. According to this theory, an increase in interest rate results in increase in 
the cost of borrowing, or more specifically the rental price of capital.   

Results  and Discussion  

The test for Stationarity of variables 

An augmented Dickey-Fuller (ADF) was carried out on the time-series levels and difference 
forms. The results are given in table B-1 in Table 1 and show; virtually all the variables but few 
have a unit root in their levels and are stationary in their first difference. Thus most variables are 
integrated of order one I (1) except RINT, LTOT, and INFL which is I (0). 

Co-integration test and Error correction model 
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Results of Real GDP Model 

Table C: Johansen’s test for multiple cointegration vectors (for Real GDP model). 

Cointegration test among  [ LRGDP, LEDTGDP, LDSR, LRER , FDTGDP ,LHCDSP and  
LPINVGDP ] 
H0:                         H1:                Tests statistics                    95% Critical values                   99% 
Critical values 
         λ trace                                   λ trace 
r=0                       r ≥ 1                   156.219*                             124.24                                       
133.57 
r ≤1                      r ≥ 2                   100.326                               94.15                                         
103.18   
r≤2                       r ≥ 3                   59.802                                 68.52                                         
76.07 
       λ max value              λ max value 
r=0                       r = 1                  55.893*                               45.28                                            
51.57 
r ≤1                      r = 2                  40.524                                 39.37                                            
45.10       
r≤2                       r = 3                  24.106                                 33.46                                            
38.77    

 

Note: Critical values obtained from Osterwald-Lenum (1992). *Rejection at 1% level of 
significance. 

Diagnostic Test: Vector Portmanteau (5): 258.765, Vector AR 1-2 test:  F (98, 53) = 1.3265 
[0.1301], Vector Normality test:  Chi^2(14) = 50.307 [0.0000] **, Vector hetero test: Chi^2(392) 
= 392.73 [0.4802]. The standardized β -coefficient matrices and the standardized α-coefficient 
matrices for Real GDP model is given in Table 2. In this case, the cointegrating vectors 
estimated by the Johansen's method provides the reduced form of long-run relationship. Since 
the variables in the model expressed below are specified in logarithmic form, except FDTGDP 
the coefficients indicate reduced form of long run elasticities. Hence, the reduced form long-run 
relationship for this model is expressed as follows:  

LRGDP
. LEDGDP . LDSR 3.79LHCDS . RER . PINVGDP .  

FDGDP 
 

But, the reduced form of long run relationship may not coincide with the structural relationship. 
Therefore, to obtain economically valid structural relationship, we have to impose and test zero 
restrictions on the standardized α and β coefficients which enable us to modify the cointegrating 
relationship with respect to its results (Harris 1995).  
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A test of weak exogenity on each of the explanatory variables entering to the long run   equations 
is carried out. This is done by imposing a zero restriction on α coefficient to determine whether 
the explanatory variables in the model are weakly exogenous or endogenous, by using the 
likelihood ratio tests (LR) statistics that has 	  distribution with one degree of freedom. In this 
case, the null hypothesis states that the variables taken as explanatory variable are weakly 
exogenous against the alternative of endogenous.   

The test for zero restriction of α-coefficient in table 3 shows that most variables are weakly 
exogenous to Real GDP models. In this case, the importance of testing weak exogenity is that, if 
all the variables in the cointegrating vectors are not weakly exogenous, then it is not valid to 
move to a single equation approach when estimating the short run model. However, private 
investment and fiscal deficit as a ratio of GDP are found to be endogenous to Real GDP model.   

The long run coefficients of the variables   should also be tested for “significance’’ to determine 
which variables are uniquely constituting the cointegrating vectors. Again, a zero restriction is 
imposed on each coefficients and the result for LR test statistics is summarized in table below.     

Table D: Real GDP Model 

 LEDGDP     LDSR    LHCDSP LRER   LPINVGDP FDGDP 
β-
coefficient 

56. 197         6. 5914     -3.7804          2.1005          -78. 874           -0.1470  

LR-test: 
	  

6.148  0.00044  0.11839   12.221   14.952   7.2982  

P-Value  0.0132 *  0.9831  0.7308 0.0005**   0.0001**  0.0069** 
** and * Rejection at 1% and 5% level of significance. 

The issue of weak exogenity of the explanatory variables is important in estimating the Error 
Correction model. If all the dependent variables are exogenous, we can directly estimate with the 
single equation otherwise, if one of the independent variable is endogenous, Engle- Granger 
causality test must be undertaken in order to check whether the independent variables really 
granger causes the dependent variable. For Real GDP equation, private investment and fiscal 
deficit (both as a ratio of GDP) are found to be endogenous to the Real GDP equation. However, 
when Engle-Granger test is undertaken, it is concluded that these variables can be taken as 
weakly exogenous   (see table 7 at the end). Once a case of one co-integrating vector is supported 
and all the variables are weakly exogenous, the short run dynamics is estimated using the general 
to specific modeling approach based on Ordinary Least Square (OLS) techniques.   

Table D:  Results of the Parsimonious-dynamic VECM for Real GDP Model 

Modeling  DLRGDP by OLS (using data.xls)   
Variables  Coefficients    t-prob.  

AR 1-2 test:      F(2,12)     =   1.1335 [0.3541]   
ARCH 1-1 test:   F(1,12)   =   0.0068451 
[0.9354] 
Normality test:   Chi^2(2)  =   1.3776 [0.5022] 
RESET test:       F(1,13)    =   4.4655 [0.0545] 

DLRGDP_1 0.4295 0.046 
DLEDGDP -0.0983 0.027 
VLRGDP_1 -1.2323 0.003 
R^2    =   0.816393 
F(20,13) =   3.458 [0.011]*  
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DW   =   2.03   

 

The results reveal that external debt to GDP ratio have significant negative impacts on Real GDP 
at 5% significance level. The long run and short run elasticity from the coefficients LEDTGDP 
suggests that a 1 percent increase of the LEDTGDP   yield 56 % and 0.09% decrease in LRGDP 
respectively.  This implies that current debt flows deter economic growth.  The results offer a 
confirmation of the debt overhang hypothesis for Ethiopia in the long run and short run though 
the magnitude of the coefficients is quite small in the VECM result. The debt overhang variable, 
proxied by the ratio of external debt to GNP, is negative and highly significant.   

Moreover, the researcher has not found a statistically significant negative relationship between 
total debt services ratio and growth of real GDP, though this variable always bears the expected 
sign, implying that there is no crowding out effect as a result of servicing a relatively large 
amount of external debt to different creditors. The results also indicate that Private investment 
and fiscal deficits as a ratio of GDP have exerted significant positive impacts on the Real GDP at 
1% significance level.   
 
Several diagnostic tests are conducted to check for the validity of the assumption of the 
regression model. At the 5 percent significant level, these tests do not reject the null hypotheses 
of normality (Nor), no serial autocorrelation, no ARCH effects, and no heteroscedasticity and the 
RESET test of functional form did not detect any statistical problems. The coefficient of the 
vector error correction term is significant at 5% with expected sign and reasonable magnitude 
[VLRGDP_1= -1.23]. The large sizes of coefficient of error correction figures indicate that the 
speed of adjustment is rather fast for the equation to return to their equilibrium level once it has 
been shocked. Thus, it takes quite less a year to adjust fully.   
 

Results of External Debt Accumulation equation. 

Looking both at the maximum eigen value and the trace statistics show that there is a one 
cointegrating relationship.   
 

Table E: Johansen’s test for multiple cointegration vectors (for external debt model). 
 

Cointegration test among [LEDTGDP , LRGDP, LDSR, LRER , FDTGDP , LPINVGDP 
,TDTGDP] 
H0:                         H1:                Tests statistics                    95% Critical values  
99% Critical values 
         λ trace                                   λ trace 
r=0                       r ≥ 1                   170.385*                             124.24                                    
133.57   
r ≤1                      r ≥ 2                   110.823                               94.15                                      
111.01 
r≤2                       r ≥ 3                   69.441                                 68.52                                      
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76.07      
       λ max value             λ max value 
r=0                       r = 1                 59.562*                                45.28                                       
51.57      
r ≤1                      r = 2                 41.382                                  39.37                                       
45.10          
r≤2                       r = 3                 24.563                                  33.46                                       
38.77       

 
*Rejection at 1% level of significance. 

 

Diagnostic Test: Vector Portmanteau (5): 239.187, Vector AR 1-2 test:  F (98, 53) = 1.3978 
[0.0910], Vector Normality test: Chi^2(14) = 61.398 [0.0000] **, Vector hetero test: Chi^2(392) 
=   419.74 [0.1606]. The standardized β -coefficient matrices and the standardized α-coefficient 
matrices for External debt model is given in Table 5. Hence, the reduced form long-run 
relationship for this model is expressed as follows:  

LEDGDP 0.08LRGDP . 	LPINVGDP . LRER . LDSR . TDTGDP 0
.006 FDGDP 
 

For this particular analysis, a test for weak exogenity is conducted by imposing a zero restriction 
on the α-coefficient using LR-test. The results are indicated in table 6.  The result shows that   
private investment is endogenous to External Debt model. 

The significance of these long run coefficients should be tested to determine which variables 
uniquely constitute the co-integrating vector. Accordingly, again a zero-restriction is imposed on 
each β- coefficient and the result for the LR-statistics is given below in table F. 

 

Table F: External Debt Model 

 LRGDP LPINVTGD
P 

 LRER LDSR     TDTGDP     FDTGDP  

β-
coefficient 

-0.082           0.821            -5. 483         -0.0125      -2.6577          -0.0059 

 LR-test: 
	  

0.854    16.508  11.482   0.26113   16.508  3.7941 

P-Value  0.355     0.0000** 0.0007 ** 
 

  0.6093     0.0000 ** 
 

  0.0514 

**Rejection at 1% level of significance. 

Private investment as a ratio of GDP is endogenous to this model. However when Granger 
causality  test is under taken, the result is that Granger causality test  for private investment as a 
ratio of GDP to external debt fails to reject the null hypothesis that private investment as a ratio 
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of GDP doesn’t granger cause external debt (see also table 7 ). The VECM results are 
summarized in Table G.  

Table G: Results of the Parsimonious-dynamic VECM for External Debt Accumulation 

Modeling DLEDGDP by OLS (using data.xls)  
Variables Coefficients t-prob. AR 1-2 test:      F(2,14)  =  0.86767 [0.4413]   

ARCH 1-1 test:    F(1,14)  =  0.13009 [0.7237]  
Normality test: Chi^2(2) =   12.250 [0.0022]**
RESET test:       F(1,15)  =  0.16803 [0.6877]   
 
 
 

Constant  0.2206   0.089 
DLRGDP_1  -2.43548    0.025   
DLRER     0.894219    0.095   
DLPINVGDP     0.379491    0.073   

DLPINVGDP_1 0.3585  0.068 

VLEDGDP_1    -0.213556     0.0058 

R^2    =              0.606363 
F(16,16) =       1.54 [0.004]* 
DW     =                  2.19 

 
 
 

  

Various model diagnostic tests showed that the model is well specified except the residual which 
fails to pass the normality assumption with no omitted variables (Ramsey RESET test) as 
performed.  The error correction term lagged once (VLEDGDP_1), which is the short-run 
adjustment, has the expected sign and significant at 5%.  

Results of Private Investment model 

Both λ max   and λ trace tests in table H shows that it is possible to reject the null for no co-
integration at 99% Critical values.   
 

Table H: Johansen’s test for multiple cointegration vectors (for private investment model). 
 

Cointegration test among [LPINVGDP, LRGDP, LEDTGDP, LDSR, LRER  ] 
H0:                         H1:                Tests statistics                    95% Critical values                   99% 
Critical values 
         λ trace                                   λ trace 
r=0                       r ≥ 1                  100.272*                        68.52                                                     
76.07 
r ≤1                      r ≥ 2                  53.43                              47.21                                                      
54.46 
r≤2                       r ≥ 3                  27.697                            29.68                                                      
35.65 
       λ max value                 λ max value 
r=0                       r = 1                  46.842*                           33.46                                                     
38.77 
r ≤1                      r = 2                  25.733                             27.07                                                     
32.24    
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r≤2                       r = 3                  17.023                             20.97                                                    
25.52 

 
*Rejection at 1% level of significance. 

Diagnostic Test: Vector Portmanteau (5): 135.836, Vector AR 1-2 test:      F (50, 71) =   1.3533 
[0.1196], Vector Normality test:   Chi^2(10) =   61.978 [0.0000] **, Vector hetero test:  F (150, 
51) = 0.54382 [0.9975], Vector hetero-X test:    Chi^2(300) =   285.63 [0.7154]. 
  
The standardized β -coefficient matrices and the standardized α-coefficient matrices for this 
model is given in table 6.  The tests for zero restriction on α-coefficient do not reject the null   
that all the variables are weakly exogenous. Therefore, the single equation model with estimates 
of long run coefficients can be written as: 
 
LPINVGDP  0.05 LRGDP .  LRER .   LDSR .  LEDTGDP 
 
Similarly, a zero-restriction is imposed on each long run parameters to test their significance 
using LR-test. The result of this test is given in table I   below: 

Table I:  Private Investment Model 

 LRGDP   LRER LDSR   LEDTGDP 
β-coefficient -0.0498                  1.8371              0.9186                  0.2484 

 LR-test: 
	  

  9.2274  
 

 9.4547   
 

0.20336  
 

 3.8293  

P-Value   0.0024 ** 
 

 0.0021 **   0.6520 
 

 0.0504  

**Rejection at 1% level of significance. 

For private investment model since it is evidenced that the variables are weakly exogenous and 
the existence of one cointegrating vector is supported, the short run dynamics is estimated using 
the usual OLS method of estimation.  
 

Table J: Results of the Parsimonious-dynamic VECM for Private investment model  

Modeling  DLPINVGDP by OLS (using data.xls) 
Variables Coefficients t-prob.  

AR 1-2 test:         F(2,14)   =    0.72210 [0.5030]  
ARCH 1-1 test:    F(1,14)   =    2.1818 [0.1618]  
Normality test:   Chi^2(2)  =    4.4949 [0.1057] 
RESET test:       F(1,15)     =    0.752280.3994] 

Constant 2.1292 0.456 

DLPINVGDP_1 0.3959 0.048 
INFL_1 0.0273 0.054  
VLPINVGDP_1 -0.8112 0.033 
R^2          =          0.832784 
F(16,16)   =         4.98 [0.001]** 
DW          =          1.78  
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In the long run, growth rate of output has positive impact on the growth of investment and 
statistically significant at 1%. This indicates that the higher the growth of output the more the 
growth of private investment.   

The growth of debt overhang variable (LEDTGDP) is insignificant at 1% level of significance 
though it holds the expected negative sign. This clearly indicates that in Ethiopian case external 
debt does not discourage growth rate in private investment. This result contradicts with many 
studies, specifically the study by Iyoha, (2000), which concluded that in Sub-Saharan African 
countries the debt overhang variables (LEDTGDP), is highly significant and its sign is negative. 
Movements in real exchange rate in the long run (LRER) have negative and significant effect on 
private investment. A 1% increase in real exchange rate appears to decrease private investment 
by about 1.84 %.This is not surprising as the bulk of the capital assets as well as the intermediate 
inputs are imported. The implication therefore is that, devaluation of the exchange rate that 
increases the cost of imported capital assets and intermediate inputs will hence affect the level of 
private investment through the resultant decline in the demand for both imported capital and 
intermediate inputs. 

Growth rate of total debt service ratio (LDSR) is statistically insignificant though its sign is 
negative, which suggests that there is no evidence of the crowding out effect of debt service 
payment on investment. This is in line with Ajayi (1997) suggestion that this variable can be 
positive or negative while negative coefficient signifies a crowding out effect and the study by 
Dawit  and Yemisirach   (2001).  The coefficient of the error correction term has the correct sign 
(negative) and is statistically significant at 5 percent. Meaning, not only that the ECM is valid 
but also that there is a significant conservative force tendency to bring the model back into 
equilibrium whenever it strays too far. The model reports a speed of adjustment of around 
81.1%, which is relatively high.  All deviations from the steady state (equilibrium) will be 
corrected less than one year and three month.   

 

Conclusions and Policy Implication 

Conclusions    

The estimation results from both the long run and the Error Correction Model (ECM)   reveal 
that:  
  
 In view of the long run model and the error correction formulation, the estimation results 

showed a debt overhang problem in the Real GDP but not in the investment equation, 
which is again evidence of debt overhang hypothesis for Ethiopia, verifying the fact that 
the country is on the wrong side of the debt Laffer curve. Thus, debt appears to affect 
output via its effect on the efficiency of resource use, rather than through its depressing 
effect on private investment .These results support the cases for more debt relief to 
Ethiopia. 

 
 A rise in real exchange rate  and low level of private investment (as a proportion of GDP) 

have been found to be vital (significant) factors influencing the growth rate 
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(accumulation) of External Debt in Ethiopia in the long run and short run and but trade 
deficit (as a proportion of GDP) affects in the long run . 

 
 There is no ‘crowding out’ effect on Real GDP and Private investment as a result of debt 

servicing as  debt servicing does not appear to have a direct significant negative impact 
on Real GDP and Private investment in both the long run and short run. This is surprising 
as such, since debt service ratios for Ethiopia are relatively higher compared to other low 
income highly indebted poor countries. This is probably because external debt servicing 
in the Ethiopians is not high enough for crowding out to occur Therefore, debt servicing 
is not yet a threat in output growth and private investment and thus, the Ethiopians should 
not fear of experiencing crowding out effect in the near future. 
 

Policy Implication 

A cautious macroeconomic policy that will not unnecessarily appreciate exchange rate should be 
adopted. Exchange rate Stabilization policy ought to be put in place as a mechanism to remedy 
the adverse effect of exchange rate appreciation on private investment and external debt.   The 
introduction of such an exchange rate stabilization policy also will help in maintaining the prices 
of imported capital as well as intermediate inputs in local currency terms. 

 
Moreover, policies to reduce debt accumulation or stabilize debt to GDP ratio for sustainability 
should focus on reducing trade deficit by increasing exports and reducing imports. This is 
because trade deficit has more impact on debt to GDP ratio next to real exchange rate, while low 
level of private investment has the least effect; at least in this econometric analysis.   

 
Indeed, strengthening the need to pay off indebtedness since servicing of External debt has been 
found to have no crowding out effect on Real GDP and Private investment. Paying off present 
debt to the extent that it does not affect output and investment is important due to the fact that 
individuals interested to invest may develop some sort of confidence that their return will not be 
taken away in the form of tax. Besides, on account of the result of the Cointegration analysis, 
external debt contributes negatively and significantly to real GDP in Ethiopia. In the same vein, 
private investment which   has a positive accelerator effect to output is also shown to be a very 
significant factor for reducing the size of external debt. Thus the government in general and the 
Ethiopian investment Agency in particular   need to articulate creative strategies for bringing 
about  investment friendly environment, for dual purpose of achieving higher output and  
reducing the adverse effect that external debt has in the performance of the home economy. 
Ethiopia still has a chance of overcoming her external debt problems by cultivating the right 
policies and, through the debt relief/reduction support.  
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Tables  

Table 1: Test of the unit root hypothesis 
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Variable Augmented Dickey-Fuller Test 

Level First Difference 
Test 
statistics 

Critical value Test 
statistics 

Critical value 
5% 1% 5% 1% 

LRGDP -0.148 -2.95 -3.635 -6.356** -2.953 -3.642 
LEDTGDP -2.011 -2.95 -3.635 -3.047* -2.953 -3.642 

LDSR -2.423 -2.95 -3.635 -5.052** -2.953 -3.642 
LPINVTGDP -2.625 -2.95 -3.635 -6.104** -2.953 -3.642 

FDTGDP -2.592 -2.95 -3.635 -6.708** -2.953 -3.642 
TDTGDP 0.03412 -2.95 -3.635 -6.376** -2.953 -3.642 
LHCDSP 0.1935 -2.95 -3.635 -3.773** -2.953 -3.642 

RINT -3.255* -2.95 -3.635 -6.401** -2.953 -3.642 
LRER -1.515 -2.95 -3.635 -3.055* -2.953 -3.642 
LTOT -3.423** -2.95 -3.635 -8.511** -2.953 -3.642 
INFL -3.769** -2.95 -3.635 -7.206** -2.953 -3.642 

*: The reported critical values are obtained from PC-Give 8 version and correspond to 34 
observations. For calculated (Test statistics) values of levels and first difference intercept and 
trend are included in the ADF equations. ** and * denotes rejection at 1% and 5% level of 
significance respectively. 

 
Table 2: Results of Co-integration analysis (Give Win Results): Real GDP Model 

(a) Standardized β Eigenvectors 

LRGDP  LEDGDP  LDSR  LHCDSP  LRER  LPINVGDP FDGDP 
1.0000          56.197         65.914       -3.7804      2.1005       -78.874          -0.1470 
0.1907          1.0000         9.3059       0.4463        0.2861       -16.240          -0.0030 
0.0013          5.5791         1.0000       0.0466        -0.451        5.1901           -0.0159 
-0.080682     -17.223        -24.156      1.0000        -0.941        31.290           -0.0062 
-0.53158       -5.2739        6.2694       -0.5756      1.0000       12.526           -0.0230 
-0.87287       -0.1733        -4.0861      -0.3412      -0.064        1.0000           0.0172 
-4.2396         -12.177        167.45       -16.339      1.3869       209.99           1.0000 

 

(b) Standardized α coefficients 

LRGDP         -0.0247      -0.0094      -0.0017      -0.0126      -0.0156      0.00006     0.0560 
LEDGDP      -0.1658      0.0055       -0.0075      -0.0621      0.1258       0.0077       -1.8023 
LDSR     -0.5202      -0.0221      -0.0110      -0.19135    0.5356       -0.0064      0.9225 
LHCDSP       -0.0150      -0.0071      0.0043       -0.0650      -0.0416      -0.00078    -0.5968 
LRER            0.1572       0.0100       -0.0133      -0.0799      -0.0489      -0.0008      -0.3193 
LPINVGDP  1.3628       -0.0199      0.0145       0.0133       0.1816       0.0073       -0.0486 
FDGDP         -0.0044      0.00005     -0.0004      0.0137       0.0014       -0.0006      -0.0401 
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Table 3: Results of Co-integration analysis (Give Win Results): External Debt Accumulation 
Model 

(a) Standardized β Eigenvectors 

LEDGDP     LRGDP      LPINVGDP  LRER     LDSR     TDTGDP  FDGDP
1.0000          -0.0826      0.8218            -

54.833   
 -

0.0125   
 -2.6577       -0.0059 

2.9880          1.0000        -21.658           64.263    -
2.5487   

 -2.5810       -0.1863   

-4.5503         -0.1038      1.0000            38.695    -
0.0183   

 0.2739        0.0182 

-2.5919         -0.1349      -2.2642           1.0000    -
0.4070   

 -8.8413       -0.0204 

-0.13791       0.0659        0.7089            14.671    1.0000    0.2645        -0.0156 
-2.4554         2.2484        -66.780           2.3196    -

9.4719   
 1.0000        -0.0368 

-16.717         -1.3490      -62.166           923.74    11.304    -84.856       1.0000  
 

(b) Standardized α coefficients  

LEDGDP      -0.0372      0.2799       0.0178       0.0007       -0.0297      -0.0283      -1.3355 
LRGDP         0.0043       -0.5175      0.0016       0.0001       -0.0155      0.0026       -0.0354 
LPINVGDP  0.2623       -0.6915      -0.0108      -0.0020      -0.0007      -0.0340      0.0094 
LRER            0.0199       0.6258       0.0280       0.0017       -0.0270      0.0051 -0.2135 
LDSR            -0.0894      -0.5567      -0.0226      0.0005       -0.3921      -0.0423      0.9778 
TDTGDP      0.0003     -0.0062      0.0055       -0.0002      0.0055       -0.0020      0.0611 
FDGDP         -0.0018      0.0532       -0.0004      -0.0002      -0.0050      0.0015       -0.0286 
  

Table 4: Lag length determination 

Model Lag-Length              FPE                        AIC                           SC                    HQ 
 1 0                     3.23e-14                  -5.52                              -5.12              -5.38 

 
 2 1                    6.78e-18*               -14.14*                          -10.14*          -12.75* 

† :FPE: Final prediction error, AIC: Akaike  information criterion, SC: Schwarz information 
criterion, HQ: Hannan-Quinn information criterion. 

Table 5: Results of Co-integration analysis (Give Win Results): Results of Private Investment 
model 

(a) Standardized β Eigenvectors 

  LPINVGDP        LRGDP  LRER    LDSR          LEDTGDP  
1.0000                  -0.0498              1.8371      0.9186              0.2484  
0.7274                  1.0000               0.4553 -2.8775             -9.6126  
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0.4399                  -0.5756              1.0000             -8.1647             -2.0117  
0.0347                  0.5431       -1.9360             1.0000              -1.4124  
-0.1475                 -0.48964            -1.8547 0.6377              1.0000  

 

(b) Standardized α coefficients 

LPINVGDP      -1.1649             0.18623            -0.0138             -0.0261             -0.0024 
LRGDP            -0.0093             -0.0820             0.0065              0.0034              -0.0024 
LRER               -0.0502             0.18791            0.0280              0.0065              -0.0051 
LDSR               0.3057              -0.3288             0.0879              -0.0464             0.0315 
LEDTGDP       0.1368              0.1013              0.0186              -0.0272 -0.0232 

 
 
  

Table 6: Test for Zero restriction on α-coefficient 

Real GDP Model 

 LEDGDP   LDSR    LHCDSP LRER   LPINVGDP FDGDP 
α –coefficient -0.1658       -0.5202        -0.0150    0.1572          1.3628            -0.0044  
LR-test: 

	  
0.51474  1.1221   0.021304   0.99792     11.594       11.594  

P-Value  0.4731  0.2895  0.8840    0.3178       0.0007**    0.0007** 
‡: **Denotes rejection at 5 % significance level 

 

External Debt Model 

 LRGDP  
LPINVGDP 

 LRER LDSR     TDTGDP     FDGDP  

α-
coefficient 

 0.0043       0.2623  0.0199       -0.0894  0.0003 -0.0018  

LR-test: 
	  

0.12126   15.593   0.49305    1.0161      0.0050    0.39726   

P-Value  0.7277    0.0001** 0.4826  0.3134    0.9433   0.5285 
 

Private Investment Model 

 LRGDP   LRER LDSR   LEDTGDP 
α –coefficient  -0.0093  -0.0502   0.3057                   0.1368  

 LR-test: 
	  

  0.038350     0.15674    0.58419  
 

  0.54614  

P-Value   0.8447    0.6922      0.4447  0.4599  
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Table 7: Pair wise Granger-Causality Test (Lags: 1) 

Real GDP Model 

Null hypothesis                                                         Obs                 F statistic          Prob.   

FDTGDP does not Granger cause LRGDP               36                   0.56295           0.4584 
LRGDP does not Granger cause FDTGDP                                      0.06726           0.7970 

 

Private Investment Model 

 
Null hypothesis                                                         Obs                  F statistic          Prob.   

LPINVGDP does not Granger Cause LRGDP          36                  0.17064             0.6822       
LRGDP does not Granger Cause LPINVGDP                                19.3408             0.0001 

 

External Debt Model 

Null hypothesis                                                         Obs                F statistic       Prob.   

 LPINVGDP does not Granger Cause LEDGDP        36                  0.22566           0.6379     
 LEDGDP does not Granger Cause LPINVGDP                              6.57949           0.0150   
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      Abstract-Sass stands for Syntactically 
Awesome Stylesheets. It is the 
preprocessor of CSS. But it is now 
standing up as a very powerful tool for 
web designers. In this paper, one will get 
to know in brief about SASS and its uses. 
Using SASS over CSS has many 
advantages, like it keeps your project 
more structured. It also have the 
characteristics like reusable color 
scheming. It smooths the progress of your 
work with some great attributes like 
variables, mixins and many more. After 
learning SASS one will definitely 
speculate why they hadn’t used it till now.  

    Index Terms- SASS, SCSS, CSS, 
Compass, Bourbon, Susy 

I. INTRODUCTION 

         SASS (can also be written as Sass) is 
the acronym for Syntactically Awesome 
Stylesheets. It was originally designed by 
Hampton Catlin and it was expanded 
by Natalie Weizenbaum. Weizenbaum 
and Chris Eppsteinhave worked for the 
further extension of Sass functionality with 
SassScript, which is a Sass file scripting 
language [1][2]. Sass was first introduced in 
CSS3 as its extension. It is a preprocessor of 
CSS. Sass can easily be translated to CSS 

with the help of web-framework plugin or 
command line tool. Sass also permits the use 
of inline imports, nested rules, variables and 
also mixins. Because of this, the basic 
stylesheet language became more orderly 
and elegant [3]. 

II. SYNTAX OF SASS 

         Sass uniqueness began showing off 
right from its syntax. There are two types of 
Sass syntax [4], viz;   a) SCSS and b) 
indented syntax 

a) SCSS 

SCSS is the acronym for sassy cascading 
style sheet. It is used as an extension of the 
CSS3 syntax. It ultimately denotes that 
every valid SCSS file is also a valid CSS3 
file having no different meaning. SCSS 
recognizes the majority of CSS vendor-
specific syntax and hacks, for example, IE’s 
old filter syntax. Files of this type should 
have .scss extension.  

b) The indented syntax 

It is the older syntax. It can also just be 
called as Sass. Its syntax is somewhat 
similar to Haml. The difference between it 
and CSS is that it uses newlines rather than 
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semicolons and indentation rather than 
brackets Files of this type should have 
the .sass extension. 

c) Conversion between the two files 

# Convert Sass to SCSS 
$ sass-convert style.sass style.scss 
 
# Convert SCSS to Sass 
$ sass-convert style.scss style.sass 

 

III. HISTORY AND CHANGELOG OF 
SASS 

a) Sass  version 2.2 

The release of 2.2 marked a noteworthy step 
in the progress of the Sass language. The 
main focus was to increase the Sass’s power, 
by permitting new forms of abstraction to be 
created in stylesheets. The versions of Saas 
2.2 ranged from 2.2.0 to 2.2.24. The 
improved versions contained features like 
fixing stupid bugs, Reporting filename in 
warnings about selectors without properties, 
Adding a railtie to Haml and Sass, Adding a 
code :unix_newlines option for Sass::Plugin 
for outputting Unix-style newlines on 
Windows and many others [5]. 

 
b) Sass version 3.0 

Sass 3.0 took Sass 2.2 a step higher. The 
versions of Saas 3.0 ranged from 3.0.0 to 
3.0.26. The improved versions contained 
features like fixing a bug inserting the Sass 
plugin into the Merb 1.1.0 Rack application, 
Adding support for @charset for declaring 
the encoding of a stylesheet, properly 
parsing paths with drive letters on Windows 
(e.g. C:\Foo\Bar.sass) in the Sass 
executable, compiling Sass files in a 

deterministic order, upgrading the bundled 
FSSM to version 0.2.3 and many others [5]. 

c) Sass version 3.1 

Sass 3.1 is improvised version of 3.0. The 
versions of Sass 3.1 ranged from 3.1.0 to 
3.1.21. The improved versions contained 
features like logging message through a 
logger object which can be changed to 
provide integration with other frameworks, 
logging infrastructure Handle backslash-
separated paths better on Windows, 
supporting MacRuby, allowing tests to be 
run without the LANG environment variable 
set and many others [5]. 

d) Sass version 3.2 

The versions of Sass 3.2 ranged from 3.2.0 
to 3.2.16. The improved versions contained 
features like allowing @extend within 
bubbling nodes such as @media, extending 
support for JRuby 1.7.2, fixing some thread-
safety issues, handling a race condition in 
the filesystem cache store when a cache 
entry becomes invalidated and many others 
[5]. 
 

e) Sass version 3.3 
 
The versions of Sass 3.3 ranged from 3.3.0 
to 3.3.14. The improved versions contained 
features like properly parsing negative 
numbers preceded by a comment, fixing a 
few cases where source ranges were being 
computed incorrectly for SassScript 
expressions, properly encoding URLs in 
sourcemaps, improving edge-case parsing of 
special-syntax functions 
like calc() and expression() and many others 
[5]. 
 

f) Sass version 3.4 
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The versions of Sass 3.4 ranged from 3.4.0 
to 3.4.11. The improved versions contained 
features like properly 
handling @keyframes rules that contain no 
properties, producing more useful error 
messages when paths have incompatible 
encodings on Windows Update 
documentation for set-nth, interpolation in a 
multiline indented-syntax selector is not 
omitted and many others [5]. 
 

IV. FRAMEWORKS IN SASS 
 
There are assorted numbers of frameworks 
which are built in Sass. But most widely 
used frameworks are   a) Compass   b) 
Bourbon     c) Susy 

a) Compass 

Compass is the framework of Sass. It is the 
framework which is loved by many of the user 
or designers. It is CSS authorized open source 
framework. Compass will take .scss or .sass file 
and then it will compile browser readable CSS 
[6]. While making projects in compass, we 
come across configuration file called config.rb. 
In this file the projects setting are described [7]. 
Compass will read this and compile the CSS file 
using these settings. The features of compass are 
as follows; 
 It includes a very neat markup with no 

presentational classes. 
 It is full of the some of the best reusable 

patterns of web 
 Creating sprites became very easy 
 Its  mixins made CSS3 troublefree and 

effortless 
 typographic rhythms can be created 

brilliantly 
 Ease of downloading  and creating 

extensions 
 

 
b) Bourbon 

 

thoughtbot,inc, is the corporation which 
maintains bourbon. It is also funded by the 
same corporation. For support in modern 
browsers, bourbons mixins also contains up-
to-date vendor prefixes. It consists of mixins 
for almost everything right from 
experimental CSS properties to modular 
scale and also golden ratio helpers. The 
word 'mixin', means a feature used when we 
have to produce repetitive CSS code without 
mess in Sass. Bourbon can be installed from 
the command line or by using the GUI tool 
like LiveReload, Hammer 
or CodeKit  supporting it [8].   
 
 An example of lightweight bourbon 
mixin library for Sass. 
 
 
        ol { 
          > li { 
             background-color: #F4F5F7; 
            @include background-image( linear-       
gradient(to left, #FFF, #F4F5F7) ); 
             float: left; 
             font-family: $lucida-grande; 
             position: relative; 
            @include transition( all 0.8s ); 
 
     &::after { 
        content: " "; 
        height: 23px; 
        @include position( absolute, 10px -
13px 0 0 ); 
        @include transform( rotate(45deg) 
skew(20deg, 30deg) ); 
        width: 23px; 
      } 
    } 
  } 
 

c) Susy 
 
Sass CSS pre-processor’s layout toolkit is 
actually what susy is. It is so flexible, that 
you can modify it to fit in your design, in 
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semantic and responsive way. Susy 2 is the 
new latest release of susy. Susy is easily 
adapted as it has removed the need of 
manually calculating the width. For 
installation of susy, we had to have Sass and 
compass. Let us take a look upon susy 
functions and mixins [9]; 
 

a. Container 
 

It helps in establishment of the grid 
containing elements for the webpage. The 
container mixin will be applied to the 
container class in our html. It is used to 
indicate Susy from where to begin all the 
calculations [10]. The code for including 
container is as; 
 
.container{ 
@include container; 
} 

 
b. Span Columns 

 
It is most widely used in susy. Span 
Columns is used to align an element to the 
grid which you would like defined. This 
mixin takes atleast 1 argument and can 
accept few more to adapt to your needs. . 
The code for including Span Columns is as; 
 
@include span-columns (<$columns> [ 
<omega> , <$context> , <$padding> , 
<$from> , <$style> ] ) 
 

V. FEATURES OF SASS 
 

There are lots of features of Sass which 
makes it more acquainted than CSS. The 
brief description of Sass features are as 
follows; 

 
a) Variables 

 
For declaration of a variable in Sass you first 
need ‘$’ followed by variable name, a colon 

and then the value of that variable. It has 
built-in functions like ‘darken’ and ‘lighten’ 
that are used to modify variables. The 
sample code for declaration of variable in 
Sass is as follows [11]; 
 

$red: #FF4848 
$fontsize: 12px 
h1 
     color: $red 
p 
     color: darken($red, 10%) 

We can also add and subtract variables of 
the same type. 

 
b) Nesting 

 
There are two types of nesting. The first 
type of nesting is Selector nesting. It is 
similar to nesting in HTML. The second 
type of nesting is Property nesting. 
 
$fontsize: 12px 
    .speaker 
         .name 
             font: 
                 weight: bold 
                 size: $fontsize + 10px      
         .position 
              font: 
                  size: $fontsize 
 

c) Mixins 
 
It is the most awesome feature of Sass. It 
allows reusing the whole blocks of Sass 
code. Here we can specify default values. 
For defining the mixin use @mixin Sass 
keyword, followed by the name of the 
mixin. We can specify the default values by 
adding colon followed by the desired value. 
To include mixins use the @include Sass 
keyword followed by the mixin name with 
any of the parameter declared within 
parentheses. Its example is as follows; 
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@mixin tap-highlight { 
    -webkit-tap-highlight-color: transparent; 
 
    &:active { 
        background-color: $brand-color; 
    } 
} 
 
.t-category { 
    .c-button { 
        @include tap-highlight; 
 
        padding: 10px; 
    } 
} 

The above example compiles to the 
following CSS: 

.t-category .c-button { 
    padding: 10px; 
    -webkit-tap-highlight-color: transparent; 
} 
.t-category .c-buton { 
    background-color: #0000ff; 
} 
  

d) Selector Inheritance 

It allows us to inform any selector to inherit 
all the styles from another selector. To 
access it, use the Sass keyword @extend, 
followed by a selector you want to inherit 
from. All the selector’s style properties will 
then be inherited. Its example is as follows; 

.error { 
  border: 1px #f00; 
  background: #fdd; 
} 
.error.intrusion { 
  font-size: 1.3em; 
  font-weight: bold; 
} 

  
.badError { 
  @extend .error; 
  border-width: 3px; 
} 

Would compile to: 

.error, .badError { 
  border: 1px #f00; 
  background: #fdd; 
} 
  
.error.intrusion, 
.badError.intrusion { 
  font-size: 1.3em; 
  font-weight: bold; 
} 
  
.badError { 
  border-width: 3px; 
} 
 
 

 
 
 

VI. CSS Vs SASS 
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The styling technique and language CSS 
have its own set of feature, which is not 
sufficient in todays scenario, when 
everybody is moving towards faster creation 
of Responsive website development. it is 
also difficult in CSS to maintain clean and 
reusable code and also to guarantee 
unambiguity of data pieces across the 
stylesheet. Due to all these drawbacks of 
CSS the concept of preprocessor came into 
existence. Sass was developed to extend 
these core features. Sass is one of the most 
robust tools that aided the advanced CSS 
code writing and management. The reasons 
to prefer SASS over CSS are as follows 
[12]. 
 

a) Fewer HTTP Requests  

Some years before, web professionals were 
recommending to separate CSS files into 
separate files based on the contents. The 
problem with this approach was that it 
resulted into huge number of HTTP requests 
on the website, which slowed down the load 
time of websites. But SASS uses a Ruby 
complier; hence it became possible to break 
up the stylesheets into multiple files and 
have one “style.scss” file that “@import”s 
all the various other stylesheets after its 
compilation. The use of grids, normalize 
reset, mixins, style (main stylesheet with 
@imports), IE stylesheet, responsive 
breakpoints stylesheets (i.e. mobile, 481up, 
768up, 900up, 1030up, 1240up), and fonts 
in SASS made it possible to files more 
organised. 

b) Reusable Color Scheming 

Another feature of SASS is, it permits the 
use of variables that are reusable throughout 
the entire project. This has the large benefit 
when we want to work with things like 

colors and fixed width sizes. Let’s take the 
close look at the color scheming example to 
inspect the difference between the 
traditional CSS vs. the new and improved 
SASS workflow.   In plain CSS we declare 
body to have a background of #CCC. Our 
footer text may also have the same color as 
#CCC, together with border around images, 
as well as the background of any link. So in 
case of CSS stylesheet we declare 
background: #CCC; and color: #CCC 
twenty or thirty times throughout your 
project. What happens if your client comes 
back and would like the color changed to 
something a little lighter like #ededed? You 
would have to locate all the references to 
#CCC and change them to #ededed. To 
eliminate this kind of thing enter a new and 
improved workflow with SASS. In SASS 
syntax you would simply declare a variable 
named $light-gray; any time you needed to 
use the color #CCC, you would simply 
declare background: $light-gray. Hence we 
have to make change only one time instead 
of thirty times saving our time. 

c) No need of repetition 

 Also with the help of SASS we don’t have 
to repeat the similar CSS statements and 
syntax throughout the project. 

d) No need to switch to major change 

We should remember that SASS syntax is a 
superset of CSS3, so we don’t have to 
change anything about the way we used to 
write CSS. Commenting, indenting, or not 
indenting, all of the formatting preferences 
can remain the same when working 
in .scss files [13].  

VII. CONCLUSION 

Sass is an awesome way of keeping the 
styling well structured and DRY. There are 
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frameworks like Compass that makes use of 
mixins to include CSS frameworks rather 
than cluttering the HTML with unsemantic 
classes. The use of SASS will greatly lessen 
our efforts and time and also make our 
styling well organized, clean and without 
ambiguity. SASS features made the working 
experience in CSS more enjoyable and 
hence I recommend its use to all web 
developers atleast once. 
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ABSTRACT 

The psychoactive substance dependence constitutes a global public health problem. 
Many are the virtual tools used as managerial support in the control of this dependence, 
among them the Analytical Observatories. For this article the authors aim to identify the 
scientific literature about Analytical Observatories in the management of public health, 
focusing on the dependence of psychoactive substances. A study of systematic review 
of the literature without meta-analysis was realized and in this were found 852 texts, of 
which 21 are part of the analysis. In Brazil and Latin American countries there is a lack 
of Analytical Observatories and innovative strategies associated with their management. 

Keywords: Substance dependence, Analytical Observatory, Public Health 

1. INTRODUCTION 

The UN (United Nations), in its 2014 
Annual Report on Drugs, records that 
approximately 243 million people, or 
5% of the global population between 15 
and 64 years old, used illicit drugs in 
2012. Drug addicts, on the other hand, 
amounted to about 27 million, about 
0.6% of the adult population worldwide, 
or 1 in 200 people (UNODC 2014). 

The chemical dependency consists of a 
set of behavioral and physiological 
phenomena in which the use of a 
specific substance takes priority over 
other behaviors that once had higher 
value in the life of the dependent. A 
recurring feature of the addiction 
syndrome is the intense desire for 
substance use, and these may, or not be 
prescribed as medications. (WHO 2014) 

Several are the strategies used to 
promote the rehabilitation of drug users. 
These differ in their objectives, 
methodologies and ideologies, and also 

in relation to culture, socio economic 
condition and individualities of people. 

The public management of addiction 
employs several innovative tools, one of 
which is the Analytical Observatory 
(AO), which assists in the decision 
making, allowing them to set 
appropriate social policies for each 
geographical region of the country. 

The AO can help experts in a given 
area, to identify patterns and trends of a 
segment of the population they wish to 
study. These constitute proactive 
investigators by providing information 
for policy-making in many areas of 
society, making them accessible to 
generate innovation and evaluation of 
their social impact (Hemmings and 
Wilkinson, 2003). 

Identify in the world literature, what are 
the characteristics of the Analytical 
Observatories, allows for systematize 
information to support proposals for 
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social programs and technologies to 
overcome addiction. (Velloso, 2015). 

2. FEATURING AN ANALYTICAL 
OBSERVATORY 

The functions of an AO are: locate, 
assemble, analyze and synthesize data, 
becoming thus in a support tool aiding 
specialists in a particular field of 
expertise, to identify patterns and trends 
in a specific population which is the 
subject of study. The definition of such 
data and parameters must first be made 
in a clear and objective way (Hemmings 
and Wilkinson, 2003). 

For the construction of an AO, the 
development of a specific identity is 
essential, as well as information and 
services that can be provided to users. 
The observatory developed must ensure 
that future users and partners can use its 
services effectively and efficiently in 
the context that is defined by the 
purpose of the observatory (Hemmings 
and Wilkinson, 2003). 

In some countries such as: France, 
Australia, Belgium, England and Italy, 
it was established Analytical 
Observatories, since the year 1974, and 
its use have helped researchers in 
problem solving and decision making 
related to public health (Wilkinson and 
Hemmings, 2003). In these countries 
the observatories are used together as a 
management tool in public health with 
subjects defined by region, as shown by 
the data presented in Table 1 (Public 
Health England, 2015). 

Table 1. Observatory for a specific 
allocation by regions of England 

Regions Area of activity 

Northeast Mental health, health 
of children and youth 

Northwest Drug abuse 

Yorkshire and 
Humble 

Diabetes 

East Midlands teenage pregnancy 

West 
Midlands 

Cancer, elderly, 
environmental health 

Eastern 
Region 

Primary health care 

London Social exclusion, 
inequalities in health 

Southeast Heart disease; strokes 

Southwest Accidents, injuries, 
sexual health 

One of the main features of the 
Observatory is to identify geographic 
areas with specific characteristics in 
common or with similar behavior. In 
addition, another important function is 
to identify the trend of magnitude of the 
dependence, the type of psychoactive 
drugs, social and epidemiological 
characteristics of dependents, the 
existing resources for the care and 
control of dependence (Scott-Samuel, 
1998). 

Environmental conditions and periods 
of latency can mean that these 
geographical areas can be modified 
depending on the trafficking migration 
and emerging psychoactive substances, 
as well as technologies for production 
and marketing (Scott-Samuel, 1998). 

Obtaining data on the potential impacts 
should be defined qualitatively (policy 
analysis, interviews with key 
informants) and quantitative (estimated 
morbidity and mortality). This makes it 
possible to obtain, with the help of the 
Observatory, estimates of the effects of 
a specific action on a problem that 
affects the health of a target population 
(Scott-Samuel, 1998). 

3. ARGUMENT 

Due to the quantitative of drug users 
worldwide, many are the measures 
adopted by governments aimed at 
reducing it and also to promote the 
reduction of the associated damage. 
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However, the ease in getting drugs like 
crack and access to it by all social 
classes, makes the impact of policy 
actions to overcome the addiction is still 
incipient and there are high rates of 
recurrence. 

After contact of the individual with the 
use of psychoactive substances, many 
may have problems in situations of their 
daily lives, among them the very 
coexistence in society and family. Thus, 
in the global context, seeking to 
overcome drug addiction, interventions 
are often of a religious, psycho-social or 
medical order, in general, occurring in 
residences, associated or not, to 
healthcare institutions (Lemos, 2011). 

As a way to search for answers 
regarding chemical dependency and 
help institutions focused on the control 
and prevention of drug addiction, the 
Analytical Observatories constitute 
useful supports for the identification of 
critical areas, and the impact of the 
actions implemented. Among the 
Analytical Observatories stands out, the 
European Monitoring Centre for Drugs 
and Drug Addiction (EMCDDA). This 
consists in a system that has a network 
of collections in European countries 
related to a main agency, which 
performs analysis, validation and 
publication of the results. With the 
results, the monitoring center assists in 
making social and political decisions, 
for dealing with drug related problems. 
The main agency through statistical 
analysis defines the behavior of data in 
regions with active monitoring centers, 
facilitating the identification of certain 
points that may deserve attention 
(EMCDDA, 2015). 

In Brazil, in the literature consulted, the 
Analytical Observatories applied to 
management of policies and 
interventions in the context of drug 
addiction, is still fledgling. Like so, in 
this article we aim to conduct a search 
in national and international databases, 

to identify the application of this 
technology in public management on 
psychoactive substance dependence.  

4. MAPPING ANALYTICAL 
OBSERVATORIES 

The systematic literature mapping 
enables other researchers to reproduce 
the steps of mapping done and get 
similar results due to scientific rigor 
observed. Thereby, filters and keywords 
have been pre-defined by the 
researchers for use in search engines. 
The filters used were: 

 Languages English and Portuguese; 

 Journal and conferences 
publications; 

 Full text articles; 

 Published the last 20 years. 

4.1. Analytical observatories in the 
context of drug addiction 

The main objective of the mapping is to 
identify in the world literature, what are 
the characteristics of Analytical 
Observatories used in the context of 
public management of psychoactive 
substance dependence. 

Are the specific objectives of this study 
characterize the Analytical 
Observatories by: 

1. Control centers and origins; 

2. Area covered and types substances 
(alcohol, tobacco, crack, cocaine, 
marijuana, etc.);  

3. Application in the control of 
psychoactive substance 
dependence. 

To perform searches on the topic, the 
'Academic Search Engines' (ASE) were 
used. Therefore, keywords were set to 
cover the topic of drug addiction and 
public health in areas of study such as 
medicine, public health and computer 
science: 
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("public health observatory") OR 
("health intelligence") OR (analytical 

AND observatory AND NOT earth AND 
NOT solar AND NOT sun AND NOT 
space AND NOT jupiter AND NOT 

"magnetic Field" AND NOT moon AND 
NOT "nuclear physic" AND NOT comet 

AND NOT astrophysics AND NOT 
magnetic) 

Some keywords were filtered in the 
query, because they were associated 
with other meanings of the word 
observatory that were not relevant to the 
research and generate bias in the results. 

The gases used were: IEEE Xplore, 
ACM digital library, ScienceDirect and 
Web of Science. These were chosen 
because they are relevant in the field of 
Computer Science. 

The inclusion and exclusion criteria (IC 
and EC) are used to perform a more 
refined search about AO, in connection 
to the sources consulted. The following 
inclusion criteria were adopted: 

 CI-1: A Article on AO focusing on 
the fight against dependence on 
psychoactive substance and public 
health; 

 CI-2: Article describing the AO and 
its functionality like features, used 
strategies, control centers, decision-
making in the area of public health 
or dogradição. 

For a paper to be analyzed, none of the 
EC defined below could be identified in 
it. 

 CE-1: Duplicated; 

 CE-2: Inaccessible or Incomplete; 

 CE-3: Unfitting theme. 

For the systematic review, it was first 
performed a search proceeding to 
reading the titles of the articles found 
through the query previously defined. 
Upon finding correspondence between 
the title and keywords, there were 

reading the abstracts, and then proceed 
to read the articles. 

Articles that have been approved 
according to the IC and not rejected by 
the EC, have been read in its entirety in 
order to identify information about the 
AO in the matter of public health and of 
psychoactive substances: 

 Where it was developed or 
deployed; 

 The reason for its creation; 

 What are the technologies used; 

 Its purpose and focus; 

 Its information network; 

 Its use in aiding the decision-
making; 

 The obtained results. 

4.2. Mapping Results 

Once performed the mapping of 
databases, 852 articles were found. 
Table 2 shows the overall results as well 
as the results after applying the 
inclusion and exclusion criteria. 
 

Table 2. Mapping Results 

ASE Results After  
IC and EC 

ACM digital 
library 

220 2 

IEEE Xplore 50 0 

ScienceDirect 485 15 

Web of 
Science 

97 4 

Total 852 21 

Was proceeded the reading of 21 
articles covering different topics among 
which: results published on a 
psychoactive substance, aid in decision-
making in public health, as well as 
seminars regarding the publication of 
the results of 'analytical observatories'.  
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It is noted that the 21 articles selected as 
a result of the systematic review, are of 
a European or North American origin, 
in a 90/10 ratio. This due to the fact that 
the public health observatories exist in 
Europe effectively, since the mid-70s, 
thus generating a significant amount of 
data and research over this period. 

The information contained in the 
selected articles and the full details with 
proper identification is available in 
Appendix A of this article. 

5. DISCUSSION  

From the research conducted we 
observed that very little was produced 
in Brazil and Latin America, working 
focus of the authors, about the AO in 
public health. Therefore, it is necessary 
to insert this type of technology in 
health care in Latin America, since all 
countries have common public health 
problems, and dependence on 
psychoactive substances. 

The health data and indicators, even 
when present, do not warrant its use 
when, by themselves, have no utility or 
are not amenable to interpretation. 
However, observatories transform this 
data into useful information that can be 
crucial in making public decisions, 
since, through observatories it is 
possible to gather data from different 
regions, thus enabling to visualize a 
general overview. 

6. CONCLUSION 

The AO are indispensable to define 
questions related to public health and 
consequently to control the use of 
psychoactive substances and as well as 
for the social reintegration of addicts. In 
European countries, this is already a 
reality, seen that there are platforms 
with databases related to the use of 
alcohol and tobacco in these regions, as 
there are available quantitative and 
qualitative data. 

Although not the main focus of the 
study in question, another issue 
addressed in the selected articles is 
about the use of OA in the area of 
identification and prevention of certain 
diseases, such as those related to 
patients with various cancers. Through 
the collection and analysis of data from 
these patients, it was possible to identify 
certain segments of society that had 
higher rates of diagnosis when 
compared to other regions or even other 
countries. 

Finally, a shortage was identified in 
Brazil and in Latin American countries 
of such technologies applied to public 
health, particularly in the control of 
substance abuse, as well as innovative 
strategies associated with the 
management of the Observatories. 
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APPENDIX A 

TITLE AUTOR 
YEA

R 
ASE 

LOCAL
E 

THEME 

Geographic information portals: a UK 
perspective 

Beaumont, P. 
et al. 

2005 
Scien
ceDir

ect 
Europe Spatial Data; Governmental. 

Mini-symposium — Public Health 
Observatories: Assessing and 

communicating the health and judicial 
impact of alcohol use 

Bellis, M. A. et 
al. 

2005 
Scien
ceDir

ect 
Europe Alcohol; Life expectancy; Inequality; 

Observatory; Crime; Deprivation. 

Mini-symposium — Public Health 
Observatories: Public health indicators 

Flowers, F. et 
al. 

2005 
Scien
ceDir

ect 
Europe Indicators; Performance Management; Public 

Health Observatory (PHO). 

The future of health intelligence: Challenges 
and opportunities 

Flowers, J.; 
Ferguson, B. 

2010 
Scien
ceDir

ect 
Europe Health intelligence; Governmental; Health 

Profiles; Knowledge transfer. 

Improving the view of Scotland’s health: 
The impact of a public health observatory 

upon health improvement policy, action and 
monitoring in a devolved nation 

Gordon, D. S. 
et al. 

2010 
Scien
ceDir

ect 
Europe Health improvements; Scotland; Public 

Health Observatory (PHO). 

Mini-symposium — Public Health 
Observatories: Building public health skills 

and capacity in the English regions 
Hill, A. et al. 2005 

Scien
ceDir

ect 
Europe 

Public health; Quality of Health; Health 
Intelligence; experts; Practitioners; 

Professional development; Training; 
Management information. 
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Mini-symposium — Public Health 
Observatories: Supporting health impact 

assessment in practice 

Mindell, J. et 
al. 

2005 
Scien
ceDir

ect 
Europe Health Impact Assessment (HIA); Public 

Health Observatory (PHO); Training. 

Development of a comparative cost-
effectiveness appraisal instrument for local 

alcohol policies: a modelling study 

Mooney, J. D. 
et al. 

2013 
Scien
ceDir

ect 
Europe Public Health Observatory (PHO); Alcohol; 

Economic estimates. 

Community Health Map: A geospatial and 
multivariate data visualization tool for 

public health datasets 
Sopan, A. et al. 2012 

Scien
ceDir

ect 

North 
America 

Healthcare data; geospatial; User interface; 
Information display. 

Methods for assessing the cost-effectiveness 
of public health interventions: Key 
challenges and recommendations 

Weatherly, H. 
et al. 

2009 
Scien
ceDir

ect 
Europe Economic estimates; Public Health. 

Mini-symposium — Public Health 
Observatories: New intelligence 

Wilkinson, J. 
R. 

2005 
Scien
ceDir

ect 
Europe 

Health Intelligence; Public Health 
Observatory (PHO); Health Impact 

Assessment (HIA); Regional Health profile. 

Mini-symposium — Public Health 
Observatories: Development of public 

health observatories in the UK, Ireland and 
Europe 

Wilkinson, J. 
R.; Coyle, E. 

2005 
Scien
ceDir

ect 
Europe 

Public Health; Health intelligence; 
Observatory. 

 

The first ten years of Public Health 
Observatories in England - and the next? 

Wilkinson, J. 
R.; Ferguson, 

B. 
2010 

Scien
ceDir

ect 
Europe Association of Public Health Observatories 

(APHO); UK; Health intelligence; 

Public health observatories on the 
international stage 

Wilkinson, J. 
R.; Fitzpatrick, 

M. L. J. 
2010 

Scien
ceDir

ect 
Europe Health Intelligence; Observatory 

 

42

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



  

What we want to know is… 
Wilkinson, J. 

R. 
2010 

Scien
ceDir

ect 
Europe Health intelligence; Association of Public 

Health Observatories (APHO). 

The European Cancer Observatory: A new 
data resource 

Lortet-
Tieulent, J. et 

al. 
2015 

Web 
of 

Scien
ce 

Europe Cancer; estimates; Incidence; Mortality; 
prevalence; Survival; registries. 

Convergence of decreasing male and 
increasing female incidence rates in major 
tobacco-related cancers in Europe in 1988-

2010 

Klein, S. B. et 
al. 

2015 

Web 
of 

Scien
ce 

Europe Incidence; Cancer; registries; Tobacco; 
Tendencies. 

Suicides in the Canton of Zurich 
(Switzerland) 

Sanchez-
Niubo, A. et al.

2010 

Web 
of 

Scien
ce 

Europe Suicide; Switzerland; Differences in methods; 
Differences in gender; Depression; Statistics. 

Problematic heroin use incidence trends in 
Spain 

Steliarova-
Foucher, E. et 

al. 
2009 

Web 
of 

Scien
ce 

Europe 

Epidemiology; Heroin; Incidence; Latency 
period; Model logarithm; Route of 

Administration; 
 

Research challenges in measuring data for 
population health to enable predictive 

modeling for improving healthcare 

Schatz, B. et 
al. 

2005 

ACM 
Digita

l 
Librar

y 

North 
America 

Health systems; Information systems; Health 
determinants; Health evaluation; Population 

Health, Mobile Devices. 
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Publishing and interlinking the Global 
Health Observatory dataset: Towards 

increasing transparency in Global Health 

Zaveri, A. et 
al. 

2005 

ACM 
Digita

l 
Librar

y 

Europe World Health Organization (WHO), Global 
Health Observatory (GHO), Statistics; 
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Abstract 
 

The rising number of smartphone users in Indonesia has revolutionized several 

aspects of life. One of them is the birth of online service in terms of motorcycle taxis. 

Go-jek application is one decent online motorcycle taxi application installed on the 

mobile device. It has been a great solution to the busy citizens for the severe traffic 

conditions. Besides trying to figure out the future of this technological service, this 

paper also analyzes the service quality of the motorcycle taxis on the field, seen from 

the perspectives of the customers. This study uses a quantitative method by 

developing a questionnaire of service quality theory. 

Keywords: E-Commerce, digital business, strategic management, business forecast 

 

1. Introduction 

1.1 Background 

GO-JEK Indonesia is a breakthrough in IT business engaging in the 

transportation services, which are motorbikes. Differs from usual motorcycle taxis, 

motorcycles are digitally organized with handheld application. The transportation 

services can be ordered through the app, by determining our origin and destination, 

then the price customers have to pay is determined by calculating the distance 

traveled.  

The business have been experiencing massive expansion by opening its 

services in other Indonesian cities such as Bandung, Surabaya, Medan, and Makassar 

apart from Jakarta. The widely used Go-Jek services are shopping services, which are 

more accessible to housewives who want to buy goods or food. Go-Jek also serves a 

courier service that are widely used for SMEs that want to deliver products or young 

executives who want to deliver documents without having meetings.  
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1.2. Research Object and Questions 

The concept of Go-Jek is indeed a bit different from other transportation 

companies. Instead of hiring motorcycle drivers, the company hires them as a partner. 

Thus, the company does not provide the motorcycles with such equipments since they 

are all owned by the motorcycle drivers themselves. Go-Jek only provides helmets, 

jackets, and other necessary accessories such as hair covers and masks.  

 

Figure 1: Forecast about smartphone users in Indonesia in three years 

(numbers in million people). Source: http://id.techinasia.com 

 

By the end of January 2015, there were 50,000 customers who already use the 

services of the Go-Jek. While the number of the application download is already 

35,000. Regarding the fare, the company claim that all fares are very transparent, no 

negotiation that are used by motorcycle taxi drivers in general. The tariff is adjusted 

by the calculator of the system programmed in the central office. The rate of Rp 

15,000 per 1.5 kilometers (km) and the rates go up every added 1.5 km. 

Within a day, the Go-Jek can take hundreds of passengers and goods. Pity he 

is still keeping turnover. He says the biggest contribution of the expenditure is on 

online marketing such as the promotion and development of applications on mobile 

phones. 

 In order to use the service of Go-jek, the customers merely need to follow the 

following steps: 
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1. Download the application in www.go-jek.com/app  or download it from the 

Play Store or the App Store 

2. Sign Up on the application. Enter email address, name, and phone number. 

And create a password for the account. 

3. To use a transportation or taxi mode, select the ‘option’ transport. 

4. Select the location to be picked up, click on the location if it is accurate, click 

use this location. After that, the customers only need to describe the location 

details. For example, "in front of the bus stop". 

5. Choose a location where the customers will be transferred. Type in the 

address, and match the GPS map, if it is correct, click ‘use this location’. 

6. If the customers want to immediately picked up, select the option ‘pick now’. 

If they want to be picked up later (e.g. 2 hours) they need to click ‘later pick-

up’ and select the date and time where they want to be picked up. If it is 

correct, click ‘Next’ 

7. The system will display the payment amount that they need to pay based on 

the distance on the GPS map, so customers do not need to bargain and can 

prepare the money beforehand. 

8. The orders will later be dispatched to drivers who are closest to the pick-up 

location, and they will respond to the request. If a driver responds, the display 

notification on customers’ mobile phone beeps and shows that drivers are 

heading to the pick-up place. Usually it takes estimated 10 minutes. Names, 

photos and contact of the driver will appear in the Go-Jek application. 

Customers can direct callers or SMS the driver who will pick them up. 

9. After meeting with the driver and being transported, customers just need to 

pay tariffs as stated on the application when booking.  

10. Last, the customers are also asked to provide comments and ratings on the 

application of the driver who delivered. 
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Figure 2: Go-jek Application Display on Smartphone Screen 

 

2. Research Method 

 

Besides trying to figure out the future of this technological service, this paper 

also analyzes the service quality of the motorcycle taxis on the field, seen from the 

perspectives of the customers. This study uses a quantitative method by developing a 

questionnaire of service quality theory. Data were analyzed using method of theory 

Importance Performance Analysis (IPA). 

Data collected by questionnaire online. Questionnaires distributed in several 

forums and social media which is considered as a suitable place to get the respondent 

in accordance with the characteristics of the sample set for this study. Respondents 

were devoted to the customers who have used Go-jek service at least once. 

In testing the validity and reliability have been as many as 30 samples on the 

grounds that the amount is sufficiently representative of the whole sample. The 

analysis uses the Likert Scale, which is the most widely used approach to scaling 

responses in survey research, such that the term is often used interchangeably with 

rating scale, or more accurately the Likert-type scale. 

 

Scores Performance Importance 
1 Strongly Disagree Very Unimportant 
2 Disagree Unimportant 
3 Fairly Agree Important Enough 
4 Agree Important 
5 Strongly Agree Very Important 
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Table 2: Importance and Performance Scores Combined with Likert Scale 

 

 

3. Discussion 

 

3.1 SWOT Analysis 

 

For the first step, we conduct SWOT analysis. This method explore the strength, 

weakness, opportunity and threat of the business. 

 

 

 Strength 

Go-jek has its own uniqueness 

compared to other motorcycle taxi 

services. Not only take passengers, their 

service can also deliver important 

documents and food / drugs for 

accommodating the people who are busy. 

Additionally, Go-jek also has the 

advantage of having the app to order 

motor-taxis and can be picked up 

wherever we want, and watch what we 

want.  

 

Weakness  

The motorcycle business usually has a 

weakness in the field of human resources, 

in terms of drivers who were less aware 

of all routes / roads that exist in a city. 

This problem is also experienced by Go-

jek, but it is hoped that they can 

overcome the weakness that typically 

occurs in other transportation businesses. 

 

Opportunity  

Go-jek as two-wheeled transportation 

service that has great potential as a 

solution to the traffic congestion of 

Jakarta City that grew worse. By using 

the on-line service, the opportunities 

gained becomes bigger, because the Go-

jek can get customers from the small 

level to the top level of society, because 

Threat  

Go-jek company is certainly a threat to 

other businesses engaged in the 

transportation field. However, newer and 

more updated online-based transportation 

also become threat towards Go-jek.  
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the services of the company is really 

useful and easy to use. 

 

Table 2: SWOT Analysis of Gojek Indonesia 

 

3.2 Servqual Survey 

 

Data collected by questionnaire online. Questionnaires distributed in several 

forums and social media which is considered as a suitable place to get the respondent 

in accordance with the characteristics of the sample set for this study. 

In testing the validity and reliability we took 30 samples that we believe would 

have been representative of the whole Go-jek users. To simplify and speed up the 

calculations, we performed the data analysis with SPSS 20. In this research, SPSS 20 

is used to perform statistical calculations formula so as to accelerate the process of 

data processing when compared with manual processing. 

Therefore, the business is the activity of creating value to meet the needs of 

the community and make a profit. Business Model (Business Model) according to 

Osterwalder and Pigneur (2012), a business model describes the rationale of how an 

organization creates, delivers and captures value. That value could be a quality of 

service that the strength in a service business. 

Quality of care can be interpreted as an effort to fulfill the needs and desires of 

consumers and delivery accuracy in balancing consumer expectations (Tjiptono, 

2007). Quality of service (service quality) can be determined by comparing the 

perceptions of consumers for services that obviously they received / obtained the 

actual service they expect / want against the attributes of an enterprise services. 

Quality of service is also first investigated by Parasuraman et. al (1985) in their 

exploratory research examining the quality of services and the factors that determine 

it. They found five dimensions of service quality, namely :. 

Indicators 

(Parasuraman’s 

Explanations Performance Importance
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Dimensions of 

Service 

Quality) 

Reliability  Reliable in dealing with customer 

problems 

4,06 3,89 

The accuracy of transactions and 

services 

3,57 4,27 

Responsiveness  The speed of response to 

complaints 

3,10 4,83 

The willingness of employees to 

provide fast service 

4,64 3,89 

Assurance  Make customers feel safer when 

conducting transactions 

4,30 4,83 

The ability of employees in the 

field of restaurant service 

4,48 4, 61 

Empathy  Understand customers’ needs 

 

3, 19 3,52 

Care and friendly towards 

customers 

 

3, 35 4, 74 

Tangibles  Cleanliness  

 

4,48 4, 61 

Tidiness 

 

3, 35 4, 74 

Table 3: Dimensions of Quality of Service (Parasuraman in Roger, 2004) 

 

The average score of performance = 3,8 and the average score of importance = 

4,26. Ffrom the data above shows that the overall average weight of performance 

indicator is 3,85 importance 4,26. This shows that there is a difference in value 

between the perceived quality (performance) or quality of the accrual with the desired 

quality (importance). 

The highest weight value indicator for the importance is "Making customers 

feel secure when doing transactions" with a weight value of 4.83. While the weight 

51

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



value is the lowest indicator Making customers feel secure when doing transactions 

with the weight value of 3.10, the lowest among all indicators. While in terms of 

importance, all respondents agreed that a sense of security when trading is the most 

important indicator. 

The highest weight value indicator for the importance is that "Making 

customers feel secure when doing transactions with a value of a weighting of 6.66. 

While the lowest weight value indicator is the neatness of employees with a score of 

3.52 

There is a significant gap in the indicator 'Making customers feel secure when 

doing transactions'. In terms of performance, the value obtained is only 3.10 

 

4. Conclusion 

 

For those who are often stuck in traffic and pressed for time (especially in the 

area of Jakarta), Go-jek application is one decent application installed on the mobile 

device. With this method of ordering is unique, practical, and easy, can reach the goal 

more quickly because it uses a motor motorcycle more agile, especially when traffic 

conditions are being jammed. Moreover, these services are not just dropping off 

passengers, but also deliver important documents, even do the shopping for busy 

customers. 

According to our analysis, Go-jek already good in service business and 

become a pioneer motorcycles that use technology as a tool ordering taxis. This 

application should develop more widely, without hindering other significant factors 

such as service qualities. 
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Abstract 
 

The study was aimed at determining and assessing the concentration of various heavy metals 
present in the soil and ground water around the Central Bank of Nigeria waste dumpsite 
Makurdi, Nigeria. A total of 26 soil samples and 4 ground water samples were collected from 
various points downstream of the dumpsite. Environmental available metals were acid extracted 
from the soil and ground water samples and the concentration of the metals (Hg, Pb, Se, Cr and 
Cd) were analysed using atomic absorption spectrophotometry (AAS). Chromium recorded the 
highest concentration in both soil and water sample, while the lowest concentration for soil 
sample was Se and that of water sample was Hg. Soil test results indicated the following ranges 
at 50cm depth Hg (0.25-0.38), Cd (0.54-0.80), Cr (16.4-40.7), Se (0.05-0.11) and Pb (8.37-15.8) 
mg/kg. The ranges at 100cm depth were: Hg (0.23-0.35), Cd (0.53-078), Cr (16.3-36.1), Se 
(0.001-0.10) and Pb (8.34-13.51)mg/kg. The concentrations in the ground water were: Hg (0.27-
0.33), Cd (0.13-0.35), Cr (16.0-22.9) and Pb (0.10-0.51) mg/L. The results showed that the total 
concentrations of the heavy metals decreases with depth in the soil samples and distance from 
the dumpsite. These values for all the metals were far higher to varying degrees than the control 
(background) levels for both soil and water samples, suggesting serious anthropogenic influence 
from the dumpsite. The mean concentration of metals in the soil samples were below 
recommended standard values. But the values of the ground water samples were higher than the 
permissible limits for drinking water set by WHO, EU and Nigeria Standard and Guideline for 
Drinking Water. Statistical comparison of the mean concentration of the samples shows 
significant difference (P<0.05) for all metals in soil and ground water samples. Therefore, an 
urgent attention to mitigate this menace is required by government and stakeholders since the 
inhabitants depend on the soil for farming and water for domestic uses. Relocation of the 
dumpsite away from residential area and enforcement of other environmental protection 
regulations to stop the ongoing building up of these metals on these location is recommended. 

 
Keywords: Heavy Metals, Soil, Ground Water, Waste Dumpsite.  
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Introduction  
In developing countries, several tons of garbage are left uncollected on the streets daily, 

acting as a feeling ground for pests that spread diseases, clogging drains and creating a myriad of 
related health and infrastructural problems [24]. The practice of landfill system as a method of 
waste disposal in many developing countries is usually far from standard recommendation. A 
standardized landfill system involves carefully selected location, and are usually constructed and 
maintained by means of engineering techniques, ensuring minimized pollution of air, water and 
soil and risk to man and animals. Landfill, involves placing wastes in lined pit or a mound 
(sanitary landfills) with appropriate means of leachate and landfill gas control [8]. In most cases 
however, ‘landfill’ in the context of developing countries is usually an unlined shallow hallow 
which receives solid wastes in a more or less uncontrolled manner and which are frequently put 
to agricultural use or scavenged for recyclable materials (plastics, metals, glass) by the urban 
populace in a bid to augment personal income and offset food insecurity occasioned by rural-
urban drift [31]. Besides, records have shown that even the protected landfills have been 
inadequate in the prevention of soil and ground water contamination [16]. 

In Nigeria, sanitary landfill is rare and unpopular, except perhaps among few institutions. 
In-appropriate guidelines, financial and institutional constraints are the immediate identifiable 
reasons for open dumps in Nigeria and some other developing countries [33]. Waste are dumped 
recklessly with no regards to environmental implications, while in some dumpsites, wastes are 
burnt in the open and ashes abandoned at the sites. The burning of these wastes gets rid of the 
organic materials leaving the metal contents behind which can washed/leached to the ground 
water. 

The composition of solids wastes disposed at a landfill determines the amount of heavy 
metals in the leachate as the composition varies with the sources of waste generation [10]. 
Landfill leachates have been reported to contain a wide range of heavy metal. [30]. Soil and 
ground water quality in and around the landfill site is mainly affected due to infiltration or 
disposal or leachate while surface water quality may be affected if untreated leachate is 
discharged or due to leachate contaminated surface run-off into the nearby water body [5]. 

Increased in the concentration of heavy metals has been observed in some rivers and 
ground waters as a results of leachate that emanate from burning of these wastes [6, 12]. The 
objectives of this study were to assess the distribution of heavy metals (Hg, Pb, Cr, Cd and Se) 
present in the soil and ground water (borehole) around the Central bank of Nigeria (CBN) waste 
dumpsite at Makurdi and compare with permissible limit and background levels in other to 
ascertain their level of contamination. 
 
Materials and Methods 
Description of the Study Area: Makurdi is located at latitude 7044’N and longitude 8032’E 
situated in a valley (100m above sea level) in Benue State, Nigeria [25]. The sampling stations 
are surrounded by two communities name: Ate-Akee community to the West and Mennee 
community to the East. A major road beside the dumpsite that connects the town with Federal 
University of Agriculture and other villages where the vehicles exhaust will ever add to the 
existing waste on the soil. A water dam is located about 500 meters upstream adjacent to the 
sampling stations (Figure 1). The platform of the CBN dumpsite was well constructed with 
concretes and has a dimension of 18m x 12m x 1,8m with proper drainage around it that empties 
into the flowing stream. The types of solid wastes in CBN dumpsite are majorly papers (disposal 
notes) from the Central Bank, Makurdi branch which are usually burned at the platform. 
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It formerly served as the dumpsite where residents of the state capital dumped various 
types of wastes including hospital wastes, kitchen wastes, plastic waste, sawmill waste, waste 
from mechanic workshops and waste from small scale industries using various chemicals. 

Figure 2: Area of Study Map  
 

Sample Collection: Soil samples were collected from twelve different points at depths of 50 cm 
and 100 cm in systematic manner of upstream and down stream. Soil sample were also collected 
500 m upstream away from dumpsite as control. A total of twenty six soil sample were collected 
using shovel into polyethylene bags from various sample stations. Ground water sample were 
collected in plastic containers from three different boreholes around the dumpsite, while the 
fourth water sample was collected from a borehole close to the dam (500m upstream) away from 
the dumpsite area. The water samples were appropriately labeled and acidified with concentrated 
HNO3 in order to keep the pH of the samples low, subsequently preventing precipitation of the 
metal [20]. 

 
Sample Pretreatment and Analysis: These soil samples were air dried for 48hours, ground to 
fairly uniform size and sieved with a 0.5mm sieve. The pH of soil samples in de-ionized water 
was determined using glass electrode pH meter (Winlab Data line No. 19133). The CEC and OM 
were determined by a standard method without modification [21]. The physiochemical properties 
of the water samples were analyzed using the portable measuring meter (HORIBA) water quality 
monitor-model U-500 after calibration with standard. 

 
Digestion of Soil Samples for Metal Analysis: Exactly 1.0 g of dried and sieved soil sample 
was weighed into a 250 mL conical flask. Freshly prepared aqua – reqia, (3 mL of conc. HNO3 + 
9 mL of conc. HCL) (12 mL) were added [26, 30]. The flask was covered with a filter paper to 
enable the digestion to take place under constant volume [4]. The content was heated on a 
thermos tatted hot plate for an hour and the mixture was allowed to cool. The mixture was then 
filtered through a Whatman No. 42 filter paper into a 50 mL standard volumetric flask. The 
filtrate was dilute to 50mL with de-ionized distilled water. The procedure was repeated for all the 
soil sample plus the control and filtrates kept for metal analysis.  

 
Digestion of water samples for metal analysis: To ensure the removal of organic impurities 
from the samples and thus prevent interference in analysis, the samples were digested with 

Figure 1: Area of Study Map 
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concentrated nitric acid. Exactly 50 mL of the water samples was measured and 10 mL of nitric 
acid was added to the water samples in a 250 mL conical flask. The mixture was evaporated to 
half its volume on a thermos tatted hot plate after which it was allowed to cool and then filtered 
with No. 42 filter paper. The filtrate was diluted to 50 mL with de-ionized distilled water and a 
blank solution was prepared according to standard method [12]. Filtrate of digested soil and 
ground water samples were analyzed for Cr, Pb, Cd and Hg using AAS (Phoenix 986, UK). The 
settings and operational conditions of the instrument were in accordance with the manufacturer’s 
specification. The instrument was calibrated with analytical grade standard metal solution. 

 
Assessment Indices: Three assessments indices were used to asses the extent of pollution of soil 
and water around the dumpsite. The qualification of the anthropogenic inputs, the pollution load 
index and geo-accumulation index were adopted [32,16]. 

 
Anthropogenic Input: Heavy metal concentration in the soil was calculated using the equation: 

Anthropogenic metal (AM) = 
	 	 	 	100	%  - - - - - (1) 

Where X = average concentration of the metal in the soil, Xc = average concentration of the 
metal in the control sample. 

 
Pollution Load Index: The extent of metal pollution was evaluated by employing the pollution 
load index (PLI): 
 

PLI = (CF1 x CF2 x CF3 x ….CFn  - - - - - - (2) 
 
Where n is the number of metals studied and CF is the contamination factor calculated as: 
 

 CF = 
	

	 	 	
  - - - - - (3) 

 
Note that Cm is the concentration of metal in the sample. Contamination factor (CF), CF<1 
refers to low contamination; 1< CF < 3 means moderate contamination; 3< CF < 6 indicates 
considerable contamination and CF> 6 indicates very high contamination. The PLI provides 
simple but comparative means for assessing a site quality, PLI<1 denotes perfection; PL1 = 1 
implies that only baselines levels of pollutants are present and PL1>1 would indicate deteriotion 
of site quality. 
 
Geo-accumulation Index (Lgeo): To asses the intensity of metal contamination in the soil 
around the CBN dumpsite, the geochemical accumulation index (I-geo) was calculated using the 
equation: 

  1-geo = log2 
	

. 	 	 	
 - - - (4)  

 
This method assesses metal pollution in terms of the seven (0 to 6) enrichment classes ranging 
from background (control) concentration to very heavy contamination. The factor 1.5 is 
introduced in this equation to minimize the effect of possible variation in soil. The degree of 
metal contamination assessed in terms of seven contamination classes in order of increasing 
numerical value of the index is as follows: < 0 = uncontaminated; 0 – 1 = uncontaminated to 
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moderately contaminated; 1 – 2 = moderately contaminated; 2 – 3 = moderately to strongly 
contaminated; 3 – 4 = strongly contaminated; 4 – 5 strongly to extremely contaminated; > 5 
extremely contaminated [24]. 

 
Result and Discussion 
Soil Properties: Physicochemical parameter of soil such as pH, OM and CEC are known to 
influence the interaction and dynamics of metals within the soil matrix. Table 1 shows the 
physicochemical parameters of the soil (mean values and their respective standard deviations). 
The soil pH recorded at the different depths in the study site varied as: at 50cm depth the mean 
value of pH was 5.57 and the control site pH value was 5.62; while the mean value of pH at 100 
cm depth was 5.63, the control site at the same depth had a pH value of 5.65. The result of the 
soil pH at the study site and their controls relative to two selected depth suggested that the soil 
are moderately acidic. The CEC ranged between 5.71-7.14 meq/100 g at 50 cm depth and 5.63-
7.33 meq/100 g at 100 cm depths. Similarly the OM was in the range of 10.5 – 12.5 % at 50 cm 
depth and 10.5 – 12 % at 100 cm depth. It can be explained that the 100 cm depth was less 
influenced by soil forming processes and anthropogenic supply than the 50 cm depth. The 
concentration of heavy metals decreased with increasing distance from the dumpsite result of 
non-point sources and this was in accordance with [22]. 
 
Table 1: Physicochemical Parameters of Soil at two Selected Depths Around CBN   
  Dumpsite 
 

     Soil depth 
Parameters 
 

50 cm                   100 cm 
 

pH 
Cation, Exchange, Capacity, CEC, (meq/100g)  

5.60+0.4              5.63+0.4      
6.30+0.4              6.41+0.7 
 

Organic matter, OM, (%)                                           11.3+0.6            11.3+0.3 
 

Chromium: In this study, Cr had the highest concentration in the soil and its mean concentration 
at 50 cm and 100 cm depth were 24.3+86 mg/kg and 23.4+7.5 mg/kg, respectively (Table 2). 
Although, these values were high compared with control values (at 50 cm = 5.90 mg/kg and 100 
cm = 4.26 cm/kg), it is below the maximum acceptable limits of 400 mg/kg [28]. The value of Cr 
obtained in this study was lower than the 75.6 mg/kg in a similar study within Ibadan town in 
South – West Nigeria [3]. The elevated concentrations obtained were ascribed to deposited 
wastes which contained high concentration of the metal. Although, Cr toxicity in the 
environment is relatively rare, it still presents some risks to human health since Cr can be 
accumulated in fish organs [12]. 

 
Lead: pb was ranked second to the highest concentration in the soil at 50 cm and 100 cm depth; 
the mean value 12.4+2.7 mg/kg and 12.2+2.50 mg/kg were found to be higher than the control 
level of 2.1 mg/kg and 1.04 mg/kg respectively. The value of pb in this study is lower than the 
mean range 351 – 457 mg/kg of pb reported by [4] in a similar work around a municipal 
dumpsite soil at Iree – Osun, South West of Nigeria on the other hand, pb concentration in the 
study area disagrees with that of [23] who reported low level of pb concentration (0.47 – 0.55) 
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mg/kg in a similar study in Lafia, North Central of Nigeria. It is important to note that the study 
areas were different and this may account for the wide disparities in their results. Although, the 
mean value obtained in this work was within the acceptable limit of 10 – 15 mg/kg given by 
[28]. The pb concentration was compared with international standard allowable limits and the 
value was quite low. However, the source of pb in soil could be a result of discharged cell 
batteries, plastics waste, Lead coated pipes run-off of wastes and atmospheric depositions could 
cause it bio acculturation in plant via uptake from the soil. Pb poisoning in human has been 
documented in Nigeria, as well as chronic neurological disorder especially in children [12]. 

 
Cadmium: The mean concentrations of Cd in soil at 50 cm and 100 cm depth were 0.69+0.01 
mg/kg and 0.67+0.01 mg/kg, respectively. The low level obtained agrees with low concentration 
range (0.48) mg/kg reported by [23] in a similar work at Lafia North – Central of Nigeria. The 
concentration of Cd in this study was also consistent with that of [1] which investigated heavy 
metals around a dumpsite in Egypt and reported a mean value of 0.82 mg/kg. However, this 
result of Cd disagreed with reported Cd range of 3.78 – 4.55 mg/kg in a similar investigation by 
[22]. The low concentration of Cd in the study site may be due to leaching from the waste dump 
which house dumped PVC plastics, Ni-Cd batteries, printer ink, tonner and photocopying 
machine parts [30]. 

 
Mercury: The mean concentration of Hg in soil at 50 cm and 100 cm depth were 0.31+0.05 
mg/kg and 0.29+0.04 mg/kg   

 
Table 2: Mean of heavy metal concentration (mg/kg) in the soil at selected depths   
  around CBN dumpsites.  

Elements                    Soil Depth      
                             50 cm                                   100 cm 

Cr                        24.3+8.6                               23.4+7.5 
Pb                        12.4+2.7                               12.2+2.5 
Cd                        0.69+0.01                            0.67+0.01 
Hg                        0.31+0.05                            0.29+0.04 
Se                         0.04+0.04                            0.04+04 
 

The Hg concentration at control site was very low compared to that at samples site. The 
concentration at the two selected depth were below the maximum allowable limit set by 
countries [14]. The anthropogenic distribution of Hg in this study site is attributed to the disposal 
of waste batteries, fluorescent bulbs, thermometer, electrical gear and waste mercury compound 
in the dump. Significantly, high exposure to Hg could cause nerve, brain and kidney damage, 
lung irritation, eye irritation, skin rashes, vomiting and diarrhea [7]. 

 
Selenium: Selenium concentration in this study is as the lowest among all the five metals (Table 
2). The main concentration of Se at 50cm and 100 cm depth were 0.04+0.04 mg/kg and 
0.04+0.04 mg/kg. The values of Se were below the maximum allowable limit for heavy metals in 
soil regulated by various countries, which suggest that for now there is little anthropogenic 
contribution in the area [28, 14].  
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Figures 2: (a-e) Showing result of Hg, Se, Cd, Pb and Cr in the soil. 
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Figure 2a: Total Concentration of Hg mg/kg at 50 cm and 100 cm Depth
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Figure 2c: Total Concentration of Cd (mg/kg) at 50 cm and 100 cm Depth
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Figure 2e: Total Concentration of Se (mg/kg) at 50 cm and 100 cm Depth
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Figure 2b: Total Concentration of Pb (mg/kg) at 50 cm and 100 cm Depth
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Figure 2d: Total Concentration of Cr (mg/kg) at 50 cm and 100 cm Depth
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Water Quality: Table 3 present the values obtained for some of the physicochemical parameter 
of the groundwater shows that the boreholes water are near neutral with a pH values of 6.68. 
This may be attributed to nature of soil and atmospheric processes. The pH values are in line 
with the minimum desirable limit standard of 6.5 set by [29, 13]. The pH value of the control 
water sample which was 500 m away from the study area (pH 6.78) was also in line with the 
international standard limit. The electrical conductivity of the water sample had a mean value of 
536 µs/cm this value is slightly above the WHO and FEPA standard limit of 500 µs/cm for 
drinking water. The value of dissolved oxygen (DO) in the water sample was 3.49 mg/L; it 
indicates the presence of heavy metals in the water since at low dissolved oxygen concentration 
of trace metals mobilizes. The control water sample had a DO value of 4.8 mg/L which is still 
within the acceptable limit given by WHO and UNEP for all forms of life [26]. Total dissolved 
solid concentration of the analyzed water sample was 345 mg/L and that of control water sample 
was 366 mg/L. 

 
Table 3: Physicochemical Parameters of Borehole Water Sample 

Sample pH Temp 
(0C) 

TDS 
(mg/L) 

DO 
(mg/L) 

Hardness 
(asCaCo3mg/L) 

EC 
(µS/cm) 

*WBH1          6.68     33.7      345     3.49           20.0             536 
**WBH 
control 

   6.78        34.0      366     4.86           15.0      513 
     500 

WHO 
standard  

6.5-8.5 35-37      500     7.5                  200 

*water sample from borehole and **water from control borehole 
  
This value were within the WHO and FEPA acceptable limit of 500 mg/L for drinking 

water. However, total hardness of the samples was 20 mg/L while, that of the control sample was 
15mg/L and are all below WHO and FEPA acceptable limit of 200 mg/L, meaning the water is 
soft. It was observed that the water hardness generally decreased with increase in distance from 
the dumpsite. The low concentration obtained may be as a result of low concentration of 
magnesium in the water due to leaching. 

 
Heavy Metals in Ground Water: The mean concentrations (mg/L) of the heavy metals (Cd, Cr, 
Pb and Hg) in water samples shows that their values exceed the standard limits (WHO) and (EU) 
as indicated in Table 4. Except Selenium which was not detected in the three water samples. The 
control sample had low level of concentration for all the metals compared to the study area. The 
presence of heavy metals in the control sample (500 m away from the study area) may be 
attributed to natural source. 
 
Table 4: Mean Levels (mg/L) of heavy metal in water sample along with standards. 

Element Mean+S.D WHO EU Control 
Cr      30.3+3.8 0.05 0.05 1.10 
Pb 0.37+0.24 0.01 0.01 0.02 
Cd 0.28+0.12   0.003   0.005 0.09 
Hg 0.31+0.03   0.001   0.001   0.002 
Se 0.31+0.03 0.01 0.01 ND 
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 ND = Not detected  
Generally, the result obtained is within the range of literature values reported for similar 

investigation on rivers, surface and ground water [2, 12, 9]. 
The mean concentration of Cr in the control water samples was 1.10 mg/L and it was 

high compared with WHO and EU limits of drinking water [17]. Comparing the contamination 
level of the background with that of the study site, it is logical to conclude that the boreholes 
water is contaminated (Table 4), due to percolation of leachate. These metals are washed out 
from upstream of the dumpsite into boreholes downstream as a result of sloppy nature of the area 
[11, 18]. 

The mean concentration of Pb (0.37mg/L) obtained in this work was multiples of thirty 
seven times higher than the recommended standard value (Table 4). However, this value was in 
accordance with literature values reported in the same geographical zone for surface water and 
ground water in Benue State [2, 12, 19]. 

The mean concentration of Cd (0.28mg/L) obtained in this study agrees with a similar 
study around auto mechanic village reported by [9]. Although, Cd level reported here disagreed 
with the low concentration (0.03mg/L) obtained in River Benue by [12]. The standard limits for 
drinking quality water adopted to adjudge the suitability o f the ground water for human drinking 
showed that all the parameters examined were found to be highly above the maximum 
permissible limit for drinking water [17]. The proportion of selenium (Se) in the sampled 
boreholes around CBN dumpsite and control was zero, indicating the absence of Se in both sides. 

 
Figure 3 (a-d) showing results of Hg, Cr, Cd and Pb in ground water  
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Figure 3b: Concentration of Cr (mg/L) from Borehole Water
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Variation in Metal Concentration: In order to have a comparative idea about the levels of 
contamination, data from this work was compared with those from the control sampling point 
taken to be polluted or background value. The background value of an element is the maximum 
level of the element in an environment beyond which the environment is said to be polluted by 
the element. The average level of these metals in the soil and ground water around the CBN 
dumpsite indicated that they were not derived from the natural geology of the area as evident 
from the low level of metals in soil and ground water in control sample. The heavy metals 
showed the same pattern of variation in the order Cr> Pb> Cd> Hg for the soil and ground water 
in the study area. In order to asses the impact of toxic trace metals in soil. The main 
concentrations of heavy metals in both soil and ground water were compared statistically 
(P<0.05). The results shows significant difference. The AM, PLI and I-geo were calculated as 
shown in Table 5. 
 
Geo – Accumulation Index (I-geo): Results from the evaluation of I-geo of Cr, Pb, Cd, Hg and 
Se in soil are presented in Table 5 with the contamination status. I-geo index showed that the 
environment is contaminated with Cd with an average of 1.40 irrespective of soil depth. Pb, Cr 
and Hg however, showed moderate contamination status with an average of 1.20, 0.97 and 2.9 
respectively. This is in agreement with similar work t mechanic workshop site by [25]. 
 
Table 5: Impact assessment of toxic metal in soil around CBN dumpsite 

 
Metals 

I-geo Quantification 
Contamination (%) 

Background  
(control) mg/kg 

 
 50 cm 100 cm 50 cm 100 cm 50 cm 100 cm 

Cr 0.83 1.10 76 82 5.90 4.26 

Pb 1.20 1.20 83 92 2.10 1.04 

Cd 1.30 1.50 84 86 0.11 0.09 

Hg 2.3 3.5 95 99 0.006 0.003 

Se 0 0 100 100 N.D N.D 

 
Quantification of soil Contamination: The results obtained clearly shows significant input of 
the anthropogenic activities of Cr, Pb, Cd and Hg in soil as presented in table 5. The degree of 
anthropogenic contamination of the soil was in the order of Pb> Cd> Cr> Hg based on the 
average of the two soil depth used. These metals are derived from the waste generated from the 
CBN dumpsite, therefore there is need to relocate the dumpsite from the community. 
Alternatively, the agency needs a standardized landfill system with careful selected location 
away from communities in order to avoid risks to man and animals. 

 
Pollution (Contamination) Load Index: This is aimed at providing a measure of the degree of 
overall contamination at the sample site. The PLI result of the metal (Cr, Cd, Pb and Hg 
investigated at the depths of 50cm and 100cm were 3.0 and 2.0, respectively. The values shows 
that the soil is moderately contaminated with heavy metal because the value of pollution load 
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index is greater than one (PLI>1). Similarly, the contamination load index for borehole water in 
the study site shows a value of three (3) indicating that the ground water around the CBN dump 
site is contaminated with heavy metals [15]. 

 
Conclusion  

The result reveals the presence of significant level of Cr, Cd, Pb and Hg in the soil and 
ground water in all the sampling points, even though their levels decreased with increasing 
distance from the dumpsite. The pattern of their concentrations were the same in sequence 
Cr>Pb>Cd>Hg for the soil and ground water. The levels of Cr, Cd, Pd and Hg in the soils were 
lower than permissible limit. However, their concentrations in groundwater were higher than 
permissible limit for drinking water. The anthropogenic metal quantification, pollution and Geo 
accumulation indices suggested pollution of soil and ground water. This suggest a significant risk 
to this population given the toxicity of these metals and the fact that for many hand dug wells 
and boreholes are the only sources of their water supply in this environment. The results obtained 
to high level of Cr, Cd, Pb and Hg which may pose great danger to human health living in the 
surrounding environment and this call for public awareness and possible rehabilitation of the 
CBN dump site. 
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Abstract 
Demographic factors and savings are deriving forces affecting borrowing by members in 
cooperative societies worldwide. Individual factors might be determinants for credit request 
and its volume in cooperative associations. This study investigates the effects of members’ 
demographic factors and savings on credit in Mainstream Staff Cooperative Society of 
Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state. A field 
research survey was conducted through the use of closed ended questionnaire. The 
population of study is 300 staffs who work in electricity generation and transmission 
sections.. The samples of 171 respondents were selected using probability random sampling 
technique. Questionnaire instrument was utilized to collect data which was coded and 
analyzed using SPSS software version 20. The regression result revealed that respondents’ 
age, educational qualification and savings have significant positive effect on credit while 
gender has insignificant positive effect on credit. Other variables such as marital status, 
work status, membership duration and income were unfit in the model. Therefore, the study 
recommends that the executives should encourage registered members to augment their 
savings because it has significant effect on credit in Mainstream Staff Cooperative Society 
of Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state.   
 
KeyWords: Cooperative, Credit, Demographic Diversity, Electricity Generation/ 
Transmission and Employees 
 
    

1.    INTRODUCTION 
1.1. Background to the Study 

A cooperative society is an association of people who share common objectives and interest. 
Some of such objectives are to uplift the financial power of its members on one hand and 
non financial benefit on the other. These are usually achieved by a monthly contribution of 
certain agreed sum of money affordable by its members. Financial benefits include loans 
and other financial assistance to members during festivities like Christmas and Sallah 
celebrations. But, non financial benefits include members helping others in solving litigation 
problems; family problems and attending ceremonies like birth, marriage and burial. 
Examples of cooperative societies are Farmers’ Cooperative Society, Traders’ Cooperative 
Society, Artisans’ Cooperative Society and Civil Servants Cooperative Society. These kinds 
of cooperative societies are not Rotational Savings and Credit Associations (RoSCAs) 
where members contribute money or effort in rotational manner.  
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The principal activity of members in a cooperative society is to make saving from their 
daily, monthly or yearly income, Savings habit of a person is measured by his or her 
marginal propensity to save. This is a function of income and other demographic factors 
such as gender, age, marital status, educational qualification, work status and membership 
duration in a cooperative association. Savings is an income not consumed but set aside for 
precaution purposes (emergencies, contingencies and unexpected expenditure). There is 
difference between saving and savings. This is because saving is a process of keeping 
money or any valuable asset while savings is end result of what is kept. Ogunfowora (1989) 
in Osundare (2013) opines that saving refers to an activity occurring over time while savings 
refer to something that exists at any time (stock of valuables). The scholar further states that 
savings takes place to raise money or fund for security and future purposes, enjoying higher 
standard of living and acquiring assets. Mpiira, Kiiza, Katungi, Tabuti, Staver and 
Tushemerirwe (2014) affirm that the reason individuals or households make savings are to 
better their condition in future, precautional motive or save to meet unforeseen problems, 
social obligations (weddings, funerals, dowry and recurrent cultural festivities) and business 
motive. 
 
Members of a cooperative society save part of their income for mostly credit benefits. Credit 
is a promise by one party to pay another for money borrowed. This credit may be pledged 
against collateral securities like valuable assets. One interesting thing in the cooperative 
society credit is that it may be interest free or very low interest rate in relation to bank 
interest rates on loans and advances. In a cooperative society, there are different types of 
credit facilities to be enjoyed depending on maturity, amount requested and amount 
contributed by a member.  A member that contributes large amount of money is entitled to 
both short and long term credits while a member that contributes small amount of money is 
entitled to little amount of credit with maturity period usually less than a year. 
 
The origin of cooperative society is traceable to England in18th century. It was formed as a 
result of human sufferings and degradation during the industrial revolution and the need for 
the poor to improve on their conditions of living. This was followed by the formation of the 
Rochdale Pioneers (a group of workers) in 1844. The group organized themselves into a 
movement for a new humanism, based on self help and group actions. In Germany, 
cooperative union origin is traced to cooperative society and credit system formed by 
Herman Schulge-Delitzsch in 1851. The union provides credit facilities to debt ridden 
peasant farmers. In France, the origin of cooperative union is traced to producers’ 
cooperative society in 1750. The union provides financial assistance to local cheese makers 
in the Franche-Comte community. This led to the increment in their volume of trade and 
economic well being. The activities of producers’ cooperative society in France motivated 
the growth of cooperative societies in United Kingdom, Greece and United States. The 
origin of cooperative society in Nigeria can be traced to 1935 following the acceptance of 
Mr. C. F. Strickland’s report that supports the establishment of a cooperative society in 
Nigeria. This led to the enactment of the first cooperative legislation known as Cooperative 
Society Ordinance No.6 of 1935. The early cooperative societies in Nigeria were 
deliberately those of farmers’ societies for cocoa farmers in the South-Western Region, 
palm farmers in the South-Eastern Region and ground-nut farmers in the Northern Region 
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(Adekunle et al., 1965; Ijere, 1977; Abia, 2000; Ahmad, 2005 and Godly, 2011 in 
Oluyombo, 2012). 
  

1.2. Statement of the Problem  
Savings either informal or formal is an instrument for improving standard of living of 
individuals in cooperative associations worldwide. Civil servants make savings in a 
cooperative association for mostly credit benefits. This credit will assist the members in 
solving family and non family matters like payment for children education, sponsoring self 
for higher educational studies, building houses, purchasing automobiles, social obligations 
and unforeseen events (illness and other emergencies). Also, cooperative savings is more 
protective than bank because one cannot withdraw money at will. Besides, fear of high 
interest rates, collateral and miscellaneous loan service charges may make civil servants to 
save money in a cooperative association.  
 
Apart from savings, a number of demographic factors such as gender, age, marital status, 
educational qualification, work status, membership duration and income might affect credit 
request and its volume by members in a cooperative association. Credits sometimes level up 
consumption pattern of members in a cooperative association. Dusembery‘s relative income 
theory states that credit makes it possible for people to keep their consumption level up 
while their income goes down (Nwankwo, Ewuim & Asoya, 2013).  
 
Empirical studies also identified factors affecting members request for credit in a 
cooperative society. Ojiako, Idowu and Ogbukwa (2014) indicated that  non-farm income 
and farm size have significant effect on loan repayment while age, gender, level of 
education, loan use experience, household size, marital status, engagement in other job(s), 
supported improved tech tractor use, loan size, interest rate have insignificant effect on loan 
repayment. Anigbogu, Onugu, Onyeugbo and Okoli (2014) showed that educational 
qualification, farm size, loan application cost and collateral value have significant effect on 
loan repayment. Hence, there are mixed conclusions by academic scholars on predictors 
affecting credit request and volume by members of a cooperative society. 
 
The weaknesses identified in previous research works are that most studies are on rural 
households farmers’ cooperative associations with limited scope and the findings cannot be 
generalized. The current study is on civil servants cooperative association after slight 
modification in the works of Ojiako et al. (2014) and Anigbogu et al. (2014). This study 
attempts to examine the effects of demography diversity and savings behavior of members 
in Mainstream Staff Cooperative Society of Power Holding Company of Nigeria (MSCS-
PHCN) Jebba Branch-Niger state. The result of this study may provide much-needed 
information to policy makers who are the potential promoters and regulators of the 
cooperative associations as well as the executive officers of the union. 
  

1.3.  Research Questions 
 The following research questions are developed base on the problem statement.  

i. To what extent do members’ demographic diversities affect credit in cooperative  
societies of Nigeria? 

ii. To what extent do members’ savings influence credit in cooperative societies of  Nigeria? 
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1.4.  Research Objectives  
The main objective of the study is to investigate the effects of members’ savings and 
demographic diversities on savings in cooperative societies in Nigeria. The specific 
objectives of this study include: 
i. to determine the effect of members’ demographic factors on credit in Mainstream Staff 

Cooperative Society of Power Holding Company of Nigeria (MSCS-PHCN)  Jebba 
Branch- Niger state, and  

ii.  to examine the effect of members’ savings on credit in Mainstream Staff Cooperative  
Society of Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch- Niger 
state. 

 
1.5.  Research Hypotheses 

The above specific objectives are achieved through the following null hypotheses after 
testing. 

 HO1: Members’ demographic factors has no significant effect on credit in Mainstream Staff 
Cooperative Society of Power Holding Company of Nigeria (MSCS-PHCN) Jebba 
Branch- Niger state.  

HO2: Members’ savings has no significant effect on credit in Mainstream Staff Cooperative.     
 
 

2.    LITERATURE REVIEW AND THEORETICAL FRAME WORK 
2.1. Concept and Measurement of Credit 

The word credit means loan and it is used interchangeably in this study. Credit is a promise 
by one party to pay another for money borrowed. Credit is also a promise by an individual 
or group to pay another individual or institution (bank or organized establishment) for 
money borrowed. Spencer (1977) in Yakubu and Affoi (2014) opines that credit implies a 
promise by one party to pay another for money borrowed or goods and services received. 
This study operationally defines credit as money borrowed by individuals with a promise to 
pay back with or without interest. 
      Measurement of credit can be objective and subjective. The objective measurement is 
quantitative while subjective measurement is qualitative. This study measures credit using 
the amount of money members benefited in the cooperative association. 
 

2.2. Concept and Measurement of Savings 
Savings is all about making a choice between present and future consumption. Savings is a 
fund an individual or organization holds back out of normal income (salary or profit) for 
either short or long term purposes. Economists define saving as disposable income minus 
personal consumption expenditure. Nwibo and Mbam (2013) regard savings as income that 
is not consumed by immediate buying of goods and services. Ike and Umuedafe (2013) 
defines savings as setting aside of money or some items for future use. In this study, the 
operational definition of savings is setting aside part of workers monthly income (salary) for 
future uses or purposes. 
 
There are mixed reactions among research scholars regarding the measurement of savings. 
Sebhatu (2012) measured savings using total household savings less total amount borrowed 
as credit. Giroh and Minampah (2012) gauged savings as income less consumption. Nwibo 
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and Mbam (2013) measured savings using monthly savings from income generated. Also, 
Obi-Egbedi, Alawode and Soneye (2014) weighed savings by utilizing average daily, 
weekly and monthly savings from income. In addition, Mpiiraet et al. (2014) measured net 
savings deposits as differences between deposit and withdrawal. This study measures 
savings utilizing part of the monthly income (salary) kept in MSCS-PHCN by members. 
 

2.3. Theoretical Framework Underpinning the Study  
This study employs classical savings theories of Keynes, Friedman, Moddigliani and 
Brumber‘s, and Duesembery adapted from the work of Schmidt-Hebbel and Severn (1996) 
and Wright (1999) in Nwankwo et al. (2013). The economists agree that income or wealth is 
the main driving force behind consumption and thus savings. But, they disagree on which 
income should be applied. 
 
The Keynesians‘absolute income theory states that as a household‘s income increases at any 
given time so its consumptions and savings increases. Friedman‘s permanent income theory 
is based on the transitory and permanent income. The transitory income (windfall income) is 
a temporary income change that increases savings rather than consumption. But, permanent 
income is the income the household feels sure of getting. This permanent income increases a 
household‘s consumption without changing its savings level and can even decrease the 
savings level. Moddigliani and Brumber‘s lifecycle income theory postulates that 
consumption exceeds savings (which may lead to borrowing of money or taken credit) when 
a household is at younger age.  Savings (reaching its peak) exceeds consumption when a 
household is at middle age. As such, the household relies on its accumulated savings/wealth 
during retirement age. Therefore, the tendency to save depends on age and differs 
systematically across the age-groups. Dusembery‘s relative income theory states the 
relationship between inelasticity of consumption patterns and changes in relative income 
level of household. It concludes that consumption is always relative to the household‘s 
income and that of their friends. Credit makes it possible for people to keep their 
consumption level up while their income goes down.  
 
Obviously, these theories tell us that income is the main driving force behind savings 
decisions. The research model of this study presented in the methodology has savings as 
independent variable and credit as a dependent variable. This study adopted the Moddigliani 
and Brumber‘s lifecycle income theory and Dusembery‘s relative income theory because 
demographic factor like age has relationship with savings. Also, credit measures up with 
consumer pattern where there is no enough savings by members of Mainstream Staff 
Cooperative Society of Power Holding Company of Nigeria (MSCS-PHCN).   
 

2.4. Review of Related Empirical Studies on Factors Affecting Credit     
Literatures exist on variables affecting members’ savings in cooperative associations. 
Magali (2013) examined factors affecting credit default risks on samples of 431 borrowers 
in 37 rural Savings and Credits Cooperative Societies (SACCOS) in Morogoro, Dodoma 
and Kilimanjaro regions of Tanzania. The regression results reveal that loan size and years 
of schooling of borrowers contributed positively to the loan default. However, the study 
found other independent variables such as loan activity, marital status, age, family size, 
interest, loan duration, value of collateral and borrowers’ experiences unfit to the regression 
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model. Other factors such as political interference, lack of entrepreneurship and investment 
analysis skills, embezzlement practiced by leaders and SACCOS’ staff, drought, diseases, 
deaths and other calamities, non performance of the business, inadequate loans follow-up 
and lack of loan activities’ insurances cover were mentioned to affect the loans default. This 
study recommends that politics should not be entertained in the SACCOS activities and the 
cooperatives should make sure that they abide by their regulations. Though, their findings 
cannot be used for generalization even Tanzania because of limited scope. Mpiira et al. 
(2014) investigated determinants of net savings deposits by sampling 460 households in 
Savings and Credits cooperatives (SACCOs) in Uganda. The results indicate that 
availability of credit facilities and households’ income have significant positive effect on net 
savings deposits. But, distance from SOCCO, educational level, having dependents in 
secondary school, wealth and traders activities have significant negative effect on net 
savings deposits. However, the study sampled only 460 households in SACCOs-Uganda.  
 
In Nigeria, Ojiako et al. (2014) examined determinants of loan repayment behaviour among 
110 members of smallholder cooperative farmers in Yewa North Local Government Area of 
Ogun State, Nigeria. The regression  results indicate that non-farm income and farm size 
have significant effect loan repayment while age, gender level of education, loan use 
experience,  household size, marital status, engagement in other job(s), supported improved 
tech tractor use, loan size, interest rate have insignificant effect on loan repayment. Though, 
their study investigated factors affecting loan repayment and present study looks at factors 
affecting credit. Anigbogu et al. (2014) examined determinants of loan repayment among 
117 cooperative farmers in Awka North L.G.A Of Anambra State, Nigeria. The results 
reveal that the major factors affecting farmers’ credit repayment ability are educational 
qualification, farm size, loan application cost, and collateral value. However, age, 
membership duration and income of the farmers were not major factors but they show 
positive relationship with loan repayment. There was significant difference between the 
amount of loan received and amount repaid by the cooperative farmers. The study 
recommends that farmers can be made to improve on their repayment of farm credit by 
adoption of income support measures which would serve as panacea. Nevertheless, the 
study is on loan repayment and limited to Awka North L.G.A of Anambra State, Nigeria.  
 
Also, Akerele, Aihonsu, Ambali and Oshisanya (2014) studied factors affecting loan 
repayment performance among 104 members of Cooperative thrift and Credit Society in 
Yewa North Local Government Area, Ogun State, Nigeria. The regression results show that 
amount of loan collected by farmers, level of education and year of experience and labor 
used are the major factors that positively and significantly influence loan repayment. 
Household size, interest rate, credit size and level of income are statistically significant but 
negative in the loan repayment pattern among the cooperators. Other factor like marital 
status is insignificant. The study recommends that the credit agencies should always 
endeavour to draw a more convenient disbursement and amortization schedule to conform 
with members economic needs. However, the samples of 104 respondents were drawn from 
Yewa North Local Government Area, Ogun State, Nigeria and present study would 
concentrate on factors affecting credit volume in Mainstream Staff Cooperative Society of 
Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state.  
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3.    METHODOLOGY 
3.1. Research Design  

This study adopts a field survey research design through the usage of questionnaire 
instrument in sourcing for primary data. The survey research involves gathering of data 
from representative sample to meet the research objectives. It is relatively quick, 
inexpensive, efficient, accurate and flexible (Cavan, Dalahaye & Sekaran, 2001). Primary 
data are collected from members of Mainstream Staff Cooperative Society of Power 
Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state in year 2014. In this 
study, the independent variables are members’ demographic diversity and savings while the 
dependent variable is credit they benefitted from the cooperative society. 
 

3.2. Population, Sample Size and Sampling Technique 
The population of this study consists of 300 male and female employees who are bonafide 
members of Mainstream Staff Cooperative Society of Power Holding Company of Nigeria 
(MSCS-PHCN) Jebba Branch-Niger state (Tsado, 2014 and Jibrin, 2014).  
 
Out of the 300 members, 171 staff were sampled using Yaro Yamene’s formula for 
determining sample size as shown in the work of Kelechi  (2008) in Ogbadu  (2009).  
 
 

Therefore,                       2)(1 eN

N
n




 

Where n is the sample size, 
N is the population, 
1 is constant and 
e is level of significance (i.e. 0.05). 
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The simple random sampling technique of probability sampling is utilized to select 171 
subjects of the sample. In this sampling technique, every element in the population has a 
known and equal chance of being selected as a subject (Cavan et al., 2001).  
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3.3. Instrument for Data Collection 
Questionnaire is the instrument for data collection because the instrument is considered to 
be appropriate for survey research. The questionnaire is close ended type of questions. It 
consists of multiple choice questions and allows the respondents to make quick decision 
because they are easy to interpret and code (Cavan et al., 2001, Asika, 1991 and Araoye, 
2004). These questions were adapted from the works of Magali (2013), Mpiira et al. (2014), 
Ojiako et al. (2014) and Anigbogu et al. (2014) after little contextual modifications 
. 

3.4. Validity and Reliability of the Questionnaire Instrument 
Validity is how legitimate is the instrument in collecting data needed for this research work. 
Reliability on the other hand, is how consistent is the measuring instrument (Cavan et al., 
2001). In this study, content validity by an expert in the field of research is employed for the 
reason that the questionnaire is distributed to respondents through a research assistant. In 
order to measure the reliability of the questionnaire instrument, Cronbach’s Alfa reliability 
statistical test is utilized to measure internal consistency of the variables. The Cronbach’s 
Alfa result test is 0.733 for all the six variables of the model. If Chronbach's alpha is 0.755 
or greater we have support for the interval consistency of the factors justifying their use in 
the scale. Though, Chronbach's alpha value dependents on number of items (variables) 
under study (Pallant, 2001). 
 

3.5. Method of Data Collection 
The questionnaire is administered to members of the association through a trained research 
assistant. The research assistant is a member of MSCS-PHCN that helped in administering 
171 copies of questionnaires to members of the cooperative society. This is because the 
research assistant will find it easy to identify, distribute and collect back the questionnaire 
administered to members of MSCS-PHCN. Data collected through questionnaire instrument 
on variables of the study are coded (see table 1). The coding of data is the transformation of 
primary data to secondary form using both nominal and interval scale. Nominal scale split 
data into mutually exclusive (male and female) while interval scale set data on continuum 
that is low, moderate and high or range (Nachmias & Nachmias, 1996; Cavan et al., 2001 
and Ogunbameru & Ogunbameru, 2010). 
 

3.6. Model Specification 
 In this model, the dependent variable is credit while the independent variables are 
members’ demographic factors and savings. The model below adapts the analytical 
framework of Ojiako et a.l (2014), Anigbogu et al. (2014) and  Mpiira et al. (2014).  
          
Credit   =   α + B1GDR+B2AG+ B3EduQual +B4Msavings + e 
Where:  
Credit              =  Amount of money borrowed or credit by members of MSCS-PHCN 
GDR         = Gender (male or female) 
AG          = Age 
EduQual          = Educational Qualification (highest) 
Msavings         =  Money contributed as savings by members of MSCS-PHCN 
                      = Constant or  Intercept  
B1….B4           = Régression Coefficients  

75

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



 
 

e          = Error term. 
 

 
3.7. Measurement and Operational Definition of Variables Used in the Study 

The data collected through the questionnaires administered to respondents who are members 
of MSCS-PHCN Jebba-Niger are presented below: 
 
       Table 1.                             Variables Definition and Coding Technique 

S/N Variable Definition 
1 Credit Indicates money borrowed or credit  by members [˂ N30,000 

= 1; N30,000 - N60,000 = 2;     N61,000 – N90,000 = 3;  
N91,000 – N120,000 = 4;  N 121,000– N150,000, = 5;  N 
151,000– N180,000 = 6;  N 181,000– N210, 000 = 7;  ˃ N 
210,000, =8]. 

2 GDR Indicates gender of the members  [ Female = 0,    Male = 1] 

3 AG Age distribution of the respondents [˂ 20 years = 1 ;    20 – 25
years = 2;  26 – 300 years = 3;     31 – 35 years = 4;    36 – 40
years = 5;   41 – 45 years = 6;   46 – 50 years = 7;    ˃ 50 years
= 8] 

4 EduQual This measures the highest educational qualification of the 
members [Primary Education Certificate = 1, 
WAEC/SSCE//NABTE = 2, OND/NCE= 3,  HND/B.Sc. 
Degree = 4,  Masters Degree = 5 ] 

5 Msavings   Indicates money or cash contributed on monthly basis as 
savings by members [˂ N10,000 = 1; N10,000- N20,000 = 2;  
N21,000 – N30,000 = 3; N31,000 – N40,000 = 4; N 41,000– 
N50,000, = 5; ˃ N 50,000, =6]. 

 Source: Survey Research, 2015. 
 

 
3.8. Method of Data Analysis 

The coded data were inputted in the Statistical Package for Social Sciences (SPSS)-version 
20 and analyzed utilizing both Pearson Product Moment correction coefficient and 
regression statistics. This is because the correlation tests the strength or degree/significance 
of relationships while regression tests the effect/significance and relationships among the 
study variables (Asika, 1991 and Osuala, 2001).  
 
The hypotheses of this study were tested at 1% and 5% significance level. The researcher 
therefore, rejects the null hypotheses if the results of this study are 1% (0.000 – 0.005), and 
5% (0.006 – 0.050) significance level. Otherwise, the researcher accepts the null hypotheses 
because no sufficient reasons for rejection. 
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4.    RESULT AND DISCUSSION 
4.1. Results of the Null Hypotheses Testing  

Table 2 presents summary information on the extent of demographic diversities and savings 
on credit of MSCS-PHCN. 
 
      Table 2.                                           Summary of Regression Results 

 
     Model 1 

    
Coefficients

Standard    
Error 

 
T 

 
Significance 

Level        β  

Constant (α) 
Gender 
Age 
Educational Qualification 
Savings 
R 
R2 

Adjusted R2 
F Statistics 
Significance of F (P-alpha 
value = 0.000) 
Durbin Watson 

-0.628 
  0.034 
  
0.802*
* 
  
0.236* 
  
0.772*
* 

            
0.784 
            
0.615 
            
0.605 
          
86.208** 

      → 
   2.136 

0.430 
0.248 
0.130 
0.116 
0.147 

 
 
 
 

→ 
 

         -
1.460 
           
0.137 

 6.154 
2.035 
5.267 

 
 
 
 

→ 
 

0. 146 
0.891 
0.000 
0.043 
0.000 

 
 
 
 

0.000 

Dependent variable: Savings 
Significance Level: 1% (**), 5% (*) 
Source: Author Computation using SPSS, 2015. 
 
Table 2 shows the values of estimated linear regression coefficients of gender, age, 
educational qualification, savings and credit of members in Mainstream Staff Cooperative 
Society of Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state 
with constant β value of -0.624. Age has highest significant positive coefficient β value of 
0.802 with standard error of 0.130, t - value of 6.154 and significance level of 0.000 (1%). 
Hence, age has significant positive effect on credit. This result is different from findings of 
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Anigbogu et al. (2014) which found that educational qualification, farm size, loan 
application cost, and collateral value have significant effect on loan repayment. However, 
age, membership duration and income of the farmers are not significant. Also, savings has 
the significant positive coefficient β value of 0.772 with standard error of 0.147, t - value of 
5.267 and significance level of 0.000 (1%). Thus, savings has significant positive effect on 
credit. This result is similar with findings of Ojiako et al. (2014) that revealed non-farm 
income (savings inclusive) and farm size have significant effect on  loan repayment while 
age, gender, level of education, loan use experience,  household size, marital status, 
engagement in other job(s), supported improved tech tractor use, loan size and interest rate 
have insignificant effect on loan repayment. In addition, educational qualification has lowest 
significant positive coefficient β value of 0.043 with standard error of 0.116, t - value of 
2.035 and significance level of 0.043(5%). Therefore, educational qualification has 
significant positive effect on credit. This result is similar with findings of Akerele et al. 
(2014) that identified amount of loan collected by farmers, level of education, year of 
experience and labour used as the major factors that positively and significantly influence 
loan repayment. 
 
However, gender has insignificant positive coefficient β value of 0.034 with standard error 
of 0.248, t - value of 0.137 and insignificance level of 0.891. So, gender of members has 
insignificant positive effect on credit. This result is similar with the findings of Ojiako et al. 
(2014) that revealed non-farm income (savings inclusive) and farm size have significant 
effect on  loan repayment while age, gender, level of education, loan use experience,  
household size, marital status, engagement in other job(s), supported improved tech tractor 
use, loan size and interest rate have insignificant effect on loan repayment. 
 
In diagnose test of the model, the values of R, R2 and adjusted R2 are 0.748, 0.615 and 0.605 
respectively. The R2 value is the coefficient of correlation that explains the relationship 
between the dependent and independent variables which is a strong positive relationship. In 
addition, the R2 value shows that 61.5 percent of the variation in the dependent variable 
(credit) is explained by the independent variables of the model. On the other hand, the 
adjusted R2 statistic corrects the R2 value to provide a better estimate of the true population. 
If you have a small sample you may wish to consider reporting adjusted R2 that is better 
than normal R2 value (Pallant, 2001). The F statistic value (P-alpha) is 86.208 with 
significance level of 0.000 (1%). There is statistically significant contribution as indicated 
by the Sig. F change value of 0.000. This reveals that the model is fit for this study going by 
F statistic rule of fitness. This is because the model is only fit for study if the significance of 
F statistic value is less than 0.005 (p < 0.005) contributing to the prediction of the dependent 
variable (Pallant, 2001). But, the Durbin Watson (DW) value is 2.136 which is an evidence 
of relative serial correlation. If the value of DW is less than one (1) as rough rule of thumb, 
there may be cause for alarm (Khrawisha, Siam & Khrawishb,  2011). This means there are 
dual standards of measuring the model fitness and both standards indicate that this model is 
fit for this study.  
 

4.2. Discussion of Major Findings  

78

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



 
 

The section discusses summary of findings in respect of the independent variables that 
affected credits in Mainstream Staff Cooperative Society of Power Holding Company of 
Nigeria (MSCS-PHCN) Jebba Branch-Niger state. 

Table 3.      Summary of Regression Result  

Significant level 1% (**) 5% (*) 
Tail test (two) 
Source: Author computation using SPSS, 2015 
 
The summary regression results in Table 3 reveals that respondents’ age, educational 
qualification and savings have positive and significant effects on credit at1% , 5% and 1% 
significant levels respectively. But, gender has insignificant positive effect on credit. 
Therefore, the researcher rejects the null hypothesis (Ho1) in respect of age and education 
qualification of members’ demographic factors. However, the researcher accepts the null 
hypothesis (Ho1) in respect to gender stating that members’ demographic factors has no 
significant effect on credit because no sufficient reason for rejection. The researcher also 
rejects the null hypothesis (Ho2) stating that members’ savings has no significant effect on 
credit. Thus, this result is new and contributes to existing knowledge by revealing that 
demographic factors (age and education qualification) and members’ savings have 
significant positive effects on credit in Mainstream Staff Cooperative Society of Power 
Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state. 
 

5.  CONCLUSION AND RECOMMENDATION 
The cooperative society comes to being in order to mitigate the suffering of registered 
members. Therefore, it exists for the benefits of members. The benefits are financial and non 
financial which include credit. The executives have to prepare policies on proxies affecting 
members’ credit. This is because the respondents’ age, educational qualification and savings 
have significant positive effects on credit in Mainstream Staff Cooperative Society of Power 
Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state. The policies have 
implication on age, educational qualification and members’ savings in the cooperative 
society. These results are similar with the findings of Anigbogu et al. (2014); Ojiako et al. 
(2014) and Akerele et al. (2014) observing that demographic characteristics, savings and 
income are important determinants in cooperative associations.  

S/N
o 

Variables          Regression  Decision 
Criteria Independe

nt 
Variable 

Depende
nt 
Variable 

Coefficient value Significant  
level 

i. Gender Credit       0.034 0.891 Accept 
ii Age Credit       0.802** 0.000 Reject 
iii Education 

qualificati
on 

Credit       0.236* 0.043 Reject 

    
iv. 

Savings Credit       0.772** 0.000 Reject 

79

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



 
 

 
Therefore, this study recommends that the executives should encourage registered members 
to augment their savings because it has significant effect on credit in Mainstream Staff 
Cooperative Society of Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-
Niger state.  
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APPENDIX I 
Descriptive Statistics

 

N Range 
Minimu

m 
Maximu

m Mean 
Std. 

Deviation Skewness Kurtosis 

 Statist
ic Statistic Statistic Statistic Statistic Statistic Statistic 

Std. 
Error 

Statisti
c 

Std. 
Error 

Credits 171 7.00 1.00 8.00 4.6082 2.53302 .157 .186 -1.509 .369

Gender 171 1.00 .00 1.00 .5731 .49608 -.298 .186 -1.934 .369

Age 171 7.00 1.00 8.00 3.5848 1.27768 .956 .186 1.984 .369

Educational 
Qualification 

171 4.00 1.00 5.00 2.7953 1.25987 .268 .186 -.948 .369

Savings 171 5.00 1.00 6.00 2.1754 1.23845 1.654 .186 2.643 .369

Valid N (listwise) 171          
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Credits Gender Age 
Educational 
Qualification Savings 

Credits Pearson 
Correlation 

1 .030 .709** .487** .716**

 
Sig. (2-tailed) 

 
.697 .000 .000 .000

N 171 171 171 171 171

Gender  Pearson 
Correlation 

.030 1 .016 -.065 .065

Sig. (2-tailed) .697  .839 .396 .397

N 171 171 171 171 171

Age Pearson 
Correlation 

.709** .016 1 .411** .678**

Sig. (2-tailed) .000 .839  .000 .000

N 171 171 171 171 171

Educational 
Qualification 

Pearson 
Correlation 

.487** -.065 .411** 1 .540**

Sig. (2-tailed) .000 .396 .000  .000

N 171 171 171 171 171

Savings Pearson 
Correlation 

.716** .065 .678** .540** 1

Sig. (2-tailed) .000 .397 .000 .000  

N 171 171 171 171 171

**. Correlation is significant at the 0.01 level 
(2-tailed). 

    

Model Summaryb

Mod
el R 

R 
Square 

Adjusted 
R Square 

Std. Error 
of the 

Estimate 

Change Statistics 

Durbin-
Watson 

R 
Square 
Change

F 
Chang

e df1 df2 
Sig. F 

Change

1 .784a .615 .605 1.59114 .615 66.208 4 166 .000 2.136

a. Predictors: (Constant), Savings, Gender, 
Educational Qualification, Age 

     

b. Dependent Variable: Credits      
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ANOVAb

Model 
Sum of 
Squares Df Mean Square F Sig. 

1 Regression 670.480 4 167.620 66.208 .000a 

Residual 420.268 166 2.532   

Total 1090.749 170    

a. Predictors: (Constant), Savings, Gender, Educational Qualification, 
Age 

 

b. Dependent Variable: Credits 
 

    

 

 
 

Coefficientsa

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

T Sig. B Std. Error Beta 

1 (Constant) -.628 .430  -1.460 .146

Gender .034 .248 .007 .137 .891

Age .802 .130 .405 6.154 .000

Educational 
Qualification 

.236 .116 .118 2.035 .043

Savings .772 .147 .377 5.267 .000

a. Dependent Variable: Credits     

 

 

Residuals Statisticsa
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Minimum Maximum Mean 
Std. 

Deviation N 

Predicted Value 1.4533 11.6392 4.6082 1.98595 171 

Residual -3.84307 3.96768 .00000 1.57231 171 

Std. Predicted 
Value 

-1.589 3.540 .000 1.000 171 

Std. Residual -2.415 2.494 .000 .988 171 

a. Dependent Variable: Credits    

 

 

Reliability Statistics 

Cronbach's 
Alpha N of Items 

.755 5 

 

 

 

APPENDIX II 
 

QUESTIONNAIRE 
 
INTRODUCTION 
I am a staff of Department of Business Administration, Ibrahim Badamasi Babangida 
University, Lapai conducting a research in Mainstream Staff Cooperative Society of Power 
Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger state. This cooperative 
society has been chosen as a case study because of its laudable achievement. Any information 
given to the researcher will be handed confidentially and used for the purpose of this research 
work. 
 

RESEARCH TOPIC 

Effects of demography diversity and savings behavior of members in Mainstream Staff 
Cooperative Society of Power Holding Company of Nigeria (MSCS-PHCN) Jebba Branch-Niger 
state. 
 

Please tick (√) the correct option in the following questions below. 
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SECTION A 

A. Are you a member of this Cooperative Thrift and Credit Society (CT&CS)?  

            (0)  No (    )                   (1) Yes (    ) 

B. Please indicate your gender   (0) Female (    )             (1) Male   (    ) 

C. What is your Marital Status               (0) Single (    )              (1) Married  (    )     

D. Please indicate your Age   (1) ˂ 20 years (    )    (2) 20 – 25  years  (      )      

            (3)  26 – 30 years (     )     (4) 31 – 35 years (    )    (5) 36 – 40 years (    )    

            (6) 41 – 45 years (    )  (7) 46 – 50 years (    )    (8) ˃ 50 years (     ) 

E. Which of the following is your highest educational qualification?   (1) Primary Education        

Certificate (   )   (2) WAEC/NCE/NABTE (   )    (3) ND/NCE (    )    (4) HND/B.Sc. 

Degree   (    )    (5) Masters Degree (   )    

F. What is your work status         (0) Junior staff  (   )       (1) Senior staff (   ) 

 

 

 

SECTION B 

G. Which of the following duration of years did you join the membership of this cooperative   

society?  

 (1) ˂ 1 Year (   )     (2) 1 – 4 Years (  )     (3) 5 – 9 Years (   )    (4) 10 – 14 Years (   )   

  (5) ˃ 14 Years (   ) 

H. Which of the following is your basic salary or income per month? 

 (1) <   N50, 000 (    )   (2) N50, 000 – N 100, 000 (    )    (3) N 101,000 – N 150, 000 (     )           

(4) N 151,000 – N 200,000 (    )     (5) N 201,000 – N 250,000 (    )   (6) N 251,000 – N 

300,000 (     )      (7) N 301,000 – N 35000,000 (     )      (8) ˃ N 350,000 (      ) 

I. Which of the following is your monthly cash contribution or savings to the cooperative  

society? (1) ˂ 10, 000 (   )   (2) N 10, 000 – N 20, 000 (   )  (3) N 21,000 – N 30, 000 (    )   

(4)  N 31,000 – N 40,000 (     )    (5)  N 41,000 – N 50,000 (     )  (6) > N 50,000 (     ) 

J. Does your membership in the cooperative society increase your saving level?   

 (0) No (   )           (1) Yes (    ) 

K. Does the cooperative society extend credit facility to members?      
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 (0) No (   )          (1) Yes (    ) 

L. Have you ever benefited from the credit scheme of this cooperative society?  

 (0)  No (  )          (1) Yes (  ) 

M. Which of the following amount of money have you ever benefitted as credit from the 

cooperative society?   (1) < N30,000 (     )  (2) N30,000 – N60,000 (     )   (3) N61,000 - 

N90, 000 (     )   (4) N91,000 - N120, 000 (     )  (5) N121,000 - N150, 000 (    )     

(6) N151,000 - N180, 000 (     )   (7) N181,000 - N210, 000 (    )   (8) ˃ N2100, 000 (     )  

N. Does your membership in the cooperative society improve your standard of living? 

  (0)  No (   )           (1) Yes (   ) 

O. Does your membership in the cooperative society reduce your poverty level?  

  (0)  No (   )           (1) Yes (   )    
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Enhanced Design of unapodized SAW filter for RF wireless applications 
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2 Faculty of Electronics Engineering, Menofia University, Egypt 

 
Abstract - In this paper, SAW RF filter is introduced, that is compatible with frequency band and 
features of GSM technology. The proposed SAW filter has compact size (153.94×71.696×8.4348) µm 
and suitable IL at resonant frequency. Also, different designs for SAW filter are presented such as using 
different substrate types, number of finger pairs, fingers overlap & enhanced design using double 
electrode transducer geometry to enhance SAW filter performance. The results of SAW filter are 
illustrated using professional CAD tools and it shows high performance of designed SAW filter with 
compatible size. 
 
Index Terms -  SAW filters, Wireless applications, RF filter, double electrode transducer geometry. 

 

1. INTRODUCTION 

The current development demand of mobile devices is to be smaller, slimmer, and lighter. This requires 
that mobile devices are required compact selective RF filters. These RF filters are needed to protect the 
sensitive receive (Rx) path from interference by transmit (Tx) signals and noise from various RF 
sources. Highly selective RF-filters between antenna and preamplifier make sure that only signals from 
the correct Rx band will be amplified. The frequency bands allocated to mobile phone systems are in a 
range of 800 MHz to 2.2 GHz. The bandwidth is typically 20 to 75 MHz. The Tx band is located below 
the Rx band but only with a gap of 20 MHz in between. Within this narrow transition range of 20 MHz, 
an Rx filter should change from >15 dB attenuation at the upper edge of the related Tx band to < 3 dB 
insertion loss at the lower edge of the Rx band. Selective RF-filters are also needed in the Tx path of a 
mobile phone as regulations forbid to emit RF-power outside the specified band. These Tx filters take 
care that the power amplifier will not amplify noise and tones at frequencies outside the Tx band. The 
most notable RF filtering technologies include LC filters, ceramic filters and surface acoustic wave 
(SAW) filters. LC filters can support high frequencies However, their main drawback is that they 
require too much area and can offer only a limited quality factor (Q).  Ceramic filters offer low IL and 
high out-of-band rejection. On the other hand the large size of ceramic filters significantly penalizes the 
integration where they are usually the components with the largest height on the printed circuit board of 
a mobile phone. SAW filters are widely used in cell phone applications for filtering because they 
provide considerable advantages in terms of cost and size, in an environment where these two aspects 
are of considerable importance. SAW filters are smaller than LC and ceramic filters. Manufacturing 
SAW filters requires a small number of mask steps. This relative simplicity of manufacturing has 
helped to develop the SAW filter into the most popular filter technology on the market today. SAW 
technologies have made important role to improve the performance and the size of cellular phones. 
SAW devices are now key devices for cellular phones and other mobile communication products with 
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small and thin size. The main advantages of surface acoustic wave (SAW) filters are that they are a 
more compact and also narrower band than the conventional strip line,  reduced size and weight, high 
reliability and ruggedness, no tuning or readjustment, and mass production capable. 
 

2. DEVICE STRUCTURE 

    Figure 1 shows the basic filter fabricated on a piezoelectric substrate. The fundamental SAW filter 
generally consists of input and output inter-digital transducers deposited on a highly-polished 
piezoelectric substrate such as quartz, lithium tantalate or lithium niobate. Input inter-digital transducer 
converts signal voltage variations into mechanical surface acoustic waves. On the other hand, output 
inter-digital transducer is used as an output receiver to convert mechanical SAW vibrations back into 
output voltages. Such energy conversions require the inter-digital transducers to be used in conjunction 
with elastic surfaces that are also piezoelectric ones. As a result, the mechanical energy is transformed 
back into an electrical signal [1]. A typical SAW device is shown in Fig. 2 along with the FEA solution 
found in COMSOL. It was decided to choose the dimensions of the device geometry such that the 
typical Rayleigh wave resonance frequency of the device is 947.5MHz to be suitable for the downlink 
frequency range of GSM technology [935MHz – 960MHz].This model is selected to compare with the 
Matlab published results & confirmed that Comsol results are agreed with the published works [2][3] & 
agreed with the matlab results which also are presented in this paper. 
After approving   & making sure that Comsol is a reliable tool for SAW devices modeling, an enhanced 
design using Comsol is presented. 
 

                   
         Fig. 1.  Basic SAW RF filter.                    Fig. 2. SAW device operating at 947.5MHz. 

 

 

 

To design the IDT, the resonance frequency of the filter is the first parameter considered, so that we can 
find the transducer wavelength λ (filter pitch) from the equation:  
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                                                                λ V/fo         (1)  
 
Where (fo) is the resonance frequency of the device and (v) the velocity of the wave in the substrate.  
From the previous equation, it is clear that the geometry of the single IDT depends only on the 
resonance frequency of the device and the velocity of the wave in the substrate. There are some main 
parameters included within the simulation as different substrates, number of finger pairs of input or 
output interdigital transducers, finger overlap and center to center distance between IDTs. This paper 
studies the relation between the input and output voltage (time domain & frequency spectrum) 
according to including parameters effects into consideration by studying different parameters effects. 
 

3. DEVICE SIMULATIONS USING COMSOL 

 

A. Different substrates   

We studied two different substrates LiNaBO3 YZ (Lithium Niobate), and Zinc Oxide (ZNO) with 
same fixed common parameters (Figures 3 and 4). It is noticed that the response for the two 
different substrates differ in output voltage, where output voltage value increased for ZNO than 
LiNaBO3. The response is measured at 6 input and output number of fingers, 4	λ finger overlap.  
Also, figures 5 and 6 show the frequency response of the output voltage for LiNaBO3 substrate and 
ZNO substrate. The higher the coupling coefficient, the greater the fractional bandwidth to be 
achieved & thus the smaller the resultant output voltage [1].  Figure 7 shows the output voltages for 
LiNaBO3 and ZNO substrates together where the performance difference can be noticed easily. 

 

     Fig. 3.  O/P & I/P voltage for ZNO ,N=6, W=4	λ                    Fig. 4.  O/P & I/P voltage for 

LiNaBo3 ,N=6, , W=4	λ 
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                       Fig. 5.  Freq. Response for ZNO, N=6, W=4	λ                    Fig. 6.  Freq. Response for 
LiNaBo, N=6, W=4	λ 

 

 

                                                     Fig. 7.  O/P voltage for ZNO substrate versus LiNaBo3 

substrate 

 

B. Different number of finger pairs (N) 

ZNO is selected as a reference substrate to study effect of number of fingers for input and output IDTs. 
While decreasing number of fingers of input IDT and output IDT from (N=12) to (N= 6), we notice that 
output voltage value increased for (N=6) than (N=12) as shown in figures 3 and 8. The response 
measured at 4	λ fingers overlap. Figures 3 and 8 show the time domain response of the output voltage 
for LiNaBO3 with (N=12) and (N=6). Figures 5 and 9 show the frequency response of the output 
voltage for ZNO with (N=12) and (N=6). Figure 10 shows the output voltages for ZNO substrate with 
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N=6 & N=12 together where the performance difference can be noticed easily. 

 

     Fig. 8.  O/P & I/P voltage for ZNO substrate,N=12                  Fig. 9.  Frequency Response 

for ZNO, N=12 

 

 

                                                 Fig. 10.  O/P voltage for N=6 versus N=12 for ZNO substrate 

 

C. Different finger overlap (W) 

Zinc oxide is selected as a reference substrate to study effect of finger overlap for input and output 
IDTs regardless of the number of finger pairs at input and output IDTs. While reducing finger overlap 
of input IDT and output IDT from W=4	λ  to W=2	λ, we notice that output voltage increased for 
(W=2	λ) than (W=4	λ) as shown in figures (3, 11) and (5, 12). Figure 13 shows the output voltages for 
ZNO substrate with W=4	λ  & W=2	λ together where the performance difference can be noticed easily. 
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Fig. 11.  O/P & I/P voltage for ZNO substrate, W=2	λ                   Fig. 12.  Frequency Response 

for ZNO, W=2	λ   

 

 

                                        Fig. 13.  O/P voltage for W=2	λ versus W=4	λ for ZNO substrate 

 

D. Enhanced design of SAW filter using Double Electrode transducer geometry 

 

4. DEVICE SIMULATIONS USING MATLAB 

Figures 14 and 15 show that the insertion loss value increases for LiNaBO3 substrate than ZNO 
substrate which is agreed with the results obtained from COMSOL. The response measured at 12 
input and output number of fingers, 2λ  finger overlap. Figures 14 and 16 show that the insertion 
loss value increases for LiNaBO3 substrate with N=12 than LiNaBO3 substrate with N=6 which is 
agreed with results obtained from COMSOL. The response measured at 2λ  finger overlap. 
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                                                   Fig. 14.  IL versus freq. for LiNaBo3, N=12 

 

                                                            Fig. 15.  IL versus freq. for ZNO, N=12 

 

                                                          Fig. 16.  IL versus freq. for LiNaBo3, N=6 

 

A. Radiation Conductance 

The real part of the input admittance is called the radiation conductance [4].  The radiation conductance 
is shaped by the sinc function and is found by 
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 Where: 
 “Wa” is the aperture or overlap height of the fingers. 
 “K” is the piezoelectric coupling coefficient. 
 “Np“is number of finger pairs. 
& The variable X is used to simplify the equation and is defined as: 

                                   

                                    

 
                                                          Fig. 17.  Radiation Conductance 

 
 

B. Acoustic Susceptance 

The imaginary part of the input admittance is called the acoustic susceptance.  The acoustic 
susceptance is the acoustic wave phenomena modeled as an electrical parameter [4].  The acoustic 
susceptance is given by:  
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                                                                                    Fig. 18.  Acoustic Susceptance 

 

5. ENHANCED DESIGN OF SAW FILTER USING DOUBLE ELECTRODE 

TRANSDUCER GEOMETRY 

 

Double electrode transducer geometry is used to eliminate reflections [5]. The split electrodes 

serve to negate the spurious response due to finger reflections at center frequency allow for 

designing passbands with nonsymmetrical amplitude and/or nonlinear phase response [6].  An 

electrode is connected to two bus bars in pairs and thus reflections in the adjacent electrodes 

have phase angle differing by 180 degree. We can also call it as non-reflective transducers. 

Figure 19 shows the SAW filter using double electrode transducer geometry. Also, figures 20 

and 21 show that output voltage is increased for double electrode transducer geometry than 

single electrode transducer geometry. Figure 22 shows the output voltages for ZNO substrate 

with double electrode transducer geometry and single electrode transducer geometry together 

where the performance difference can be noticed easily. 

 

 

                                                           Fig. 19.  SAW device with double electrode transducer 

geometry 
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                                         Fig. 20.  O/P & I/P Voltages for double electrode transducer 

geometry, ZNO substrate 

 

 
                       Fig. 21.  O/P & I/P Freq. Response for double electrode transducer geometry, 

ZNO substrate 
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                              Fig. 22.  O/P Voltages for ZNO with Double Electrode & Normal (Single) 

Electrode 

 

 

 

6. CONCLUSION 

SAW device technology provides a wide range of important filtering which is particularly 
applicable to communications systems as well as to other RF systems. SAW components have 
demonstrated performance capabilities in the wireless applications due to their reduced size and 
weight, high reliability and ruggedness and mass production capable. SAW filters are widely used 
in cell phone applications for filtering because they provide significant advantages in performance, 
cost, and size over other filter technologies such as LC filters and Ceramic filters. In this work, we 
select device dimensions so that the resonance frequency of the device is 947.5MHz. The obtained 
device dimensions are (153.94×71.696×8.4348) µm for N=12 and W=4	λ . Also, an influence of 
three main different parameters on the response of unapodized SAW filters has been discussed 
different substrates, number of finger pairs of input or output interdigital transducers, and finger 
overlap are the main parameters studied. These parameters are studied using COMSOL 
Multiphysics & verified agreement with already published results. 
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Abstract: 

This paper is a solved case study on GE Oil & gas which wanted to expand their operations and 
sought for a detailed study about their organization. Three years annual reports of GE Oil and 
Gas and also collected its competitors financial information to do a thorough financial analysis 
such as , ratio analysis, corporate valuations, and so as to analyse the financial condition of GE 
when compared to its competitors. 

Key Words: Financial analysis, Corporate Decision Making, Ratio Analysis, Corporate 
Valuation 

Introduction: 

Oil and natural gas affect our lives in many ways on daily basis. They supply us with more than 
60% of our nation’s energy. This industry provides us also with the products to fuel our cars and 
engines, heat our homes and even cook our foods.  The Oil& Gas industry employs thousands of 
people and makes a major impact to the economy in terms of technology, tax revenues, imports 
and exports. 

The future for the oil and gas industry has changed. Since 2005, oil prices have moved to a 
permanent high level. Other industries are catching some of the demand for transport by 
producing more efficient vehicles, engines, and aircraft in addition to supply other alternative 
fuels. The new technologies are providing various but uncertain opportunities for producing 
‘unconventional’ oil & gas in many parts of our world. There are also still some opportunities for 
the companies in the private-sector in the oil-exporting countries where the industry is under 
government monopoly. Generally all these factors will involve cooperation with the state-
controlled oil and gas company. Finally, still not clear of who will carry the responsibility for the 
security of Middle East oil exports now that these mainly will go to Asian markets rather than 
the US or Europe. The industry’s response to these challenges has consequences on the global 
economy.  

The global oil prices have dropped sharply over the past few months, leading to significant 
revenue drops in many Oil exporters. On the other hand, the consumers in the importing 
countries are likely have to pay less to heat their homes and fuel their cars.  The oil industries in 
response have reacted immediate to reduce costs out of its supply chain. Therefore, employees’ 
wages and profit margins are falling fast and dramatically. 
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The U.S. Energy Information estimates that in 2014 the increase in the global supply of 
petroleum and other liquid fuels products was almost twice the increase in consumption. In 
response to the dramatically situation of the oil price reduction, the major oil & gas companies 
such as General Electric, ExxonMobil, BP, Total, Chevron, and Shell that invested billions of 
dollars in oil exploration when the oil prices were high, currently they did not enjoy associated 
increase in production or profit margins. As a result, they’ve reduced down by stopping 
unprofitable divisions and cutting back on investment. 

About GE Corporation: 

General Electric is an American company operates in 175 countries in the world, with 45,000 
employees, and an investment of $5 Billion annually Research & Development (R&D). 

General Electric Company (GE) was established on April 15, 1892.  Mainly, The Company 
operates its divisions through its eight businesses based on the markets they serve: Oil & Gas, 
Power & Water, Aviation business, Healthcare & Medical equipment, Energy Management, 
Transportation, Home Appliances and Lighting, and last GE Capital.  

GE oil and Gas supplies new technologies and equipment for the global oil and gas industry, 
used in different applications ranging from drilling and completion through production, liquefied 
natural gas, pipeline inspection, refineries and petrochemical plants.  

Review of literature: 

Malíková, Olga; Brabec, Zdeněk (2012) explains about the most efficient investment opportunity 
in today’s financial market. The best way to perform the analysis on a company to evaluate its 
efficiency is through studying the financial statements and performing a financial analysis on it. 
The results of the ratios are influenced by the presumption related to the financial statements that 
have been prepared. 

Lan, Z. Joe (2012) says that financial statements can be used to analyze the company’s position 
in the market and its performance using the statements as tools to measure how financially the 
company is stable. The Analysis is going to be made on the three most important financial 
statements applicable for investment research are reportedly the income statement, the balance 
sheet, and cash flow statement. A completed transaction links all three statements.  

Sharma, Anil K.; Kumar, Satish; Singh, Ramanjeet (2012) reveals that value relevance of 
financial statements, is negligible in Indian markets. However, some ratios based on these 
financial statements show significant association with stock market indicators. The results depart 
from financial studies conducted in other markets. The results further indicate that the value 
relevance of Return is statistically significant and is a useful measure for investment decision. 
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ROMIC, LIDIJA (2011), financial statements are meant to be understood by readers who are 
knowledgeable of the economic activities and accounting strategies in the business world. 

Hossan F., Habib M.A.(2010), analyzed the company’s performance through ratio analysis of two 
pharmaceutical companies in Bangladesh. The authors have collected the data of these companies 
for the year 2007–2008. In this paper, the different financial ratios are evaluated such market value 
ratios, liquidity ratios, profitability ratios, debt management ratio, asset management ratios, and 
finally measure the best performance between two companies. Asset management ration is about 
the measuring of assets and control them efficiently. It also quantifies seven categories for both the 
selected pharmaceutical companies considering their account receivable turnover, fixed asset 
turnover, average collection period, total asset turnover inventory turnover, account payable 
turnover in days account payable turnover etc. Based on the financial analysis, the paper concludes 
which company is performing well financially and has better position in the pharmaceutical market. 

Bhunia A., Mukhuti S. S., Roy S. G. (2011), study is regarding the identification of financial 
strengths and weaknesses of the Indian public sector pharmaceutical companies by assessing the 
balance sheet and profit and loss account. In this study, the authors have selected two public 
sector pharmaceutical companies. The data has been collected for 12 years period (1997-98 to 
2008-09) from CMIE database. The paper identifies the strong liquidity position of both selected 
companies which shows that the companies have capability to pay short term obligations. 
However, these companies rely more on external funding in terms of long term borrowings 
which creates a risk for the creditors. Further, it mentions that the financial stability of both the 
companies is drastically decreasing. The study aims at guiding the investors about their 
investment decisions in Indian pharmaceutical Industry by measuring the company’s liquidity, 
stability, profitability, solvency and other financial indicators and in turn ensuring adequate 
returns to the stakeholders. 

Siddiqua M. J., Hpssan M. T. (2012), This paper explains the requirement of the preparation of 
cash flow statement, which describes the changes, occurred in the company’s cash and cash 
equivalents during the financial year, for the public companies in Bangladesh conforming to 
Companies Act 1994. The pharmaceutical companies in Bangladesh are preparing the cash flow 
statement along with the financial statements by providing the information regarding company’s 
operating, investing and financing activities in the given financial period. The authors have 
found out that although most of the pharmaceutical companies are abiding to the law by 
producing the cash flow statements however, no one is interested in disclosing some more useful 
information voluntarily regarding the cash flows like operating capacity due to increase in 
operating capacity, segmental cash flows or cash flow per share etc. The paper recommends the 
improvement in presentation of the statement incorporating the above said factors. 

Kakkad R (2013), examined the literature review on ratio analysis to assess the health of 
pharmaceutical industry in India. Indian pharmaceutical market is growing at a CAGR of about 
12% since last 5 years. The aged population of average age of 67 is around 67 million in India. 
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As per statistics, people of this age group consume 3 to 4 times more drugs as compared to 
younger population. This is an indicator of significant growth of pharmaceutical industry in 
India. Although conducting financial performance analysis of the company is a tedious work, it 
has ample of benefits. The ratio analysis gives a clear picture about the successfulness of an 
organization in short and long run. The paper provides the insight to the financial health of the 
pharmaceutical companies in India. By taking an example of Dr. Reddy’s Laboratories Ltd. and 
Lupin Ltd. examples the paper examines the soundness of the industry using the tools such as 
ration analysis and T test. 

Majumder T.H., Rahman M. M reviewed the case study of pharmaceutical industry in 
Bangladesh. The industrialization of the country is moving at rapid pace and pharmaceutical 
sector is a leading industry in Bangladesh that facilitates country’s GDP growth. It is observed 
that over last few years, the net profit of this industry is diminishing. The authors have tried to 
search for the reasons behind declining growth of the pharmaceutical industry in Bangladesh by 
carrying out financial performance of this industry to test its strengths and weaknesses for which 
they have used financial ratios, Multivariate Discriminate Analysis (MDA) as developed by Prof. 
Altman as well as some statistical tools, coefficient of variance (CV) and T-test etc. as measuring 
tools. Upon review of the collected data from financial statements of various pharmaceutical 
companies in the country, the authors have found that most of the companies’ financial position, 
their performance, liquidity position and profit earning capacity are not strong and sound and 
most of the companies are heading towards bankruptcy in near future. In order to sustain in the 
industry, the authors recommended immediate improvement in the financial performance of 
these companies by taking necessary measures to overcome the issues relating to strict  
government regulation, insufficiency of financial management, absence of realistic goals, and 
increased cost of materials, labor and overhead. 

Malíková, Olga; Brabec, Zdeněk (2012)talks about how to seek the most efficient investment 
opportunity in today’s financial market. The best way to perform the analysis on a company to 
evaluate its efficiency is through studying the financial statements and performing a financial 
analysis on it. The result of the ratios are influenced by the presumption related to the financial 
statements that have been prepared. Lan, Z. Joe (2012) says that financial statements can be used 
to analyze the company’s position in the market and its performance using the statements as 
tools to measure how financially the company is stable. The Analysis is going to be made on the 
three most important financial statements applicable for investment research are reportedly the 
income statement, the balance sheet, and cash flow statement. A completed transaction links all 
three statements.  

Sharma, Anil K.; Kumar, Satish; Singh, Ramanjeet (2012) reveals that value relevance of 
financial statements, is negligible in Indian markets. However, some ratios based on these 
financial statements show significant association with stock market indicators. The results depart 
from financial studies conducted in other markets. The results further indicate that the value 
relevance of Return is statistically significant and is a useful measure for investment decision. 
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ROMIC, LIDIJA (2011), financial statements are meant to be understood by readers who are 
knowledgeable of the economic activities and accounting strategies in the business world. 

Methodology 

This research is aim to compare the financial performance for GE Oil & Gas, and both 
competitors Halliburton and Baker Hughes Company over three years period from 2012 to 2014.  
This comparison will be based on the Ratio Analysis and corporate valuation that includes: 
Profitability, Enterprise value, credit/ Growth, Asset management, Liquidity, Free Cash Flow 
(FCF), Return on Invested Capital (ROIC), Economic Value Added (EVA) and the Market 
Value Added (MVA). 

Financial Ratio Analysis 

Before conducting the financial analysis, it is essential to understand the historic financial 
performance of GE Oil & Gas, Halliburton and Baker Hughes. The financial condition of the 
companies will be assessed by briefly looking at the profitability, liquidity and other ratios then 
to compare them against a peer group. The peers are carefully chosen to consist of firms that are 
mostly similar to GE’s operations.  

Profitability ratios  

The profitability ratios indicate of the business’s ability to generate earnings compared to the 
expenses occurred. Having a higher value than the competitors and the industry average is an 
indicator that the firm is doing well.  

 

Interpretation: 

Looking at the basic indicator of the three company’s financial performance EBIT (Earnings 
Before Interest Tax), we can notice that Halliburton is one of the leaders, with a significantly 
higher ratio than the GE and Baker (even the difference is not that big). This indicates that the 
company is more profitable and thus competitive than its peers. 

Liquidity ratios  

2012 2013 2014 2012 2013 2014 2012 2013 2014

PROFITABILITY
3 Year Average Return On Assets( 1.7957 1.7479 1.9357 11.5894 9.8577 10.6544 7.1494 4.9406 5.4293

Return On Working Capital 40.546 47.1204 27.5148 32.6409 24.759 38.4706 20.8294 16.8486 24.3398

Return on Invested Capital 4.0947 4.7011 5.2364 14.6166 11.5234 16.2349 6.8038 5.6089 8.3239

EBIT to Net Sales 10.8444 9.719 11.8638 14.5914 10.6727 15.5065 10.2617 8.7149 11.6451

Return on Assets 1.9443 1.9465 2.3347 10.3157 7.5045 11.389 5.0877 4.013 6.057

GENERAL ELECTRIC CO. HALLIBURTON BAKER HUGHES 
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These ratios determine the company’s financial strength and its ability to pay the short term debt 
obligations. The higher the ratios are; the bigger is the margin of safety the company have to 
cover its short term debts. 

 

Interpretation: 

Based on the current ratio we can see that in the year 2014, Halliburton and Baker Hughes has 
the leading values rather than GE but still the three companies doing well as their Current ratio 
values are greater than 1. 

 Yield Ratio :  

This financial ratio shows how much amount the company will pay to is shareholders as 
dividends for each share price.  

 

Interpretation: 

From the data given in the above figure about the enterprise value we can notice that GE has the 
greater ratio value which indicates that the market value in better and heathier than Halliburton 
and Baker Hughes. 

Growth Ratio   

2012 2013 2014 2012 2013 2014 2012 2013 2014

LIQUIDITY
Quick Ratio 1.0061 1.2505 1.395 1.7405 1.6986 1.6752 1.4137 1.4279 1.5437

Current Assets to Total Assets 23.5116 26.0828 27.6149 47.7417 46.8946 46.737 39.0311 40.4346 41.7837

Current Ratio 1.1123 1.3913 1.548 2.7538 2.7266 2.5613 2.5259 2.4672 2.5976

LT Debt to Total Assets 34.4649 33.7616 30.9114 17.5848 26.7461 24.3176 14.3767 13.897 13.5741

Current Assets to Total Assets 23.5116 26.0828 27.6149 47.7417 46.8946 46.737 39.0311 40.4346 41.7837

GENERAL ELECTRIC CO. HALLIBURTON BAKER HUGHES 

2012 2013 2014 2012 2013 2014 2012 2013 2014

YIELD
Financial Leverage 5.8597 5.2902 5.0436 1.7639 1.9298 2.0592 1.5705 1.5704 1.562

Basic EPS 5 Year Average 1.264 1.176 1.276 2.35 2.32 2.892 3.142 2.572 3.086

EBIT to Interest Expense 11.5514 10.4216 11.1058 13.6361 9.2566 12.8712 #N/A N/A #N/A N/A #N/A N/A

EPS Growth 12.0968 6.4748 3.3784 ‐14.985 ‐15.4676 72.3404 ‐25.3133 ‐17.1141 59.1093

EV To EBITA

Return On Working Capital 40.546 47.1204 27.5148 32.6409 24.759 38.4706 20.8294 16.8486 24.3398

Return on Invested Capital 4.0947 4.7011 5.2364 14.6166 11.5234 16.2349 6.8038 5.6089 8.3239

Current EV To EBITA

EV To Book Value 1.8364 2.2026 2.4265 2.194 3.5771 2.3942 1.2956 1.546 1.4407

EV To Market Cap 1.0344 1.0198 1.2236 1.0733 1.1275 1.1677 1.2276 1.1314 1.1027

EV To Shares Outstanding 79.7511 104.9884 113.5698 136.755 210.1733 168.6888 184.1867 229.6454 227.086

Enterprise Value 236295.8 226561.1 191393.6 127045 178437.1 143048.1 81226.31 100584.7 98555.33

GENERAL ELECTRIC CO. HALLIBURTON BAKER HUGHES 
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 The usage of growth ratio is one of the ways to estimate the future growth and high growth rate 
doesn’t always reflects the future but it keeps on changing continuously based on the changes in 
the economy and industry as well.  

 

Interpretation: 

Based on the data above, we can notice that Halliburton shows better values in relation to the 
growth ratio. 

Credit / Leverage Ratio 

Credit Ratio shows the ability of any company to meet tis long term obligations.   

 

 

 

Interpretation:  

For the above data for the three companies and considering the Free Cash Flow (FCF) we can 
notice that the FCF for GE was significantly higher than its competitors over the three year 
average. 

2014 2013 2012 

2012 2013 2014 2012 2013 2014 2012 2013 2014

GROWTH
Inventory to Sales 10.6674 12.1207 11.9673 11.1778 11.2407 10.864 17.7005 17.3672 16.594

Inventory Turnover 6.0867 5.4487 5.2697 8.2589 7.6817 8.0451 4.9567 4.841 4.9626

Net Fixed Asset Turnover 2.1451 2.0797 2.1863 3.0405 2.7251 2.7625 2.6499 2.5152 2.707

Net Fixed Assets to Tot Assets 11.7412 10.9497 9.1643 37.4206 38.7435 38.6942 32.6239 32.4909 31.4393

Sales to Net Fixed Assets 7.4664 7.1172 8.6151 2.7789 2.5969 2.6349 2.4533 2.4641 2.7089

Sales to Total Assets 0.8766 0.7793 0.7895 1.0399 1.0061 1.0195 0.8004 0.8006 0.8517

Net Fixed Asset Turnover 2.1451 2.0797 2.1863 3.0405 2.7251 2.7625 2.6499 2.5152 2.707

Net Fixed Assets to Tot Assets 10.6674 12.1207 11.9673 37.4206 38.7435 38.6942 32.6239 32.4909 31.4393

GENERAL ELECTRIC CO. HALLIBURTON BAKER HUGHES 

2012 2013 2014 2012 2013 2014 2012 2013 2014

CREDIT
Average Equity/Average Assets 17.0657 18.9028 19.8271 56.6935 51.8178 48.5625 63.6739 63.6765 64.0193

Common Equity to Tot Assets 17.96 19.8864 19.767 57.5155 46.4737 50.456 63.9552 63.4102 64.6096

LT Debt to Common Equity 191.8976 169.7724 156.3792 30.5741 57.551 48.1957 22.4793 21.9161 21.0094

LT Debt to Total Capital 50.6677 50.8012 48.9967 23.3867 36.4705 32.4611 17.2962 17.4135 17.115

Tot Debt to Common Equity 274.3127 229.428 212.3948 30.5741 57.551 48.2818 28.8007 24.7332 22.1906

Total Debt To EV 1.4937 1.0416 0.8753 0.1394 0.1609 0.2017 0.2223 0.16 0.154

Total Debt to Total Equity 262.6886 219.0002 198.9308 30.5256 57.4073 48.19 28.4688 24.4585 22.0662

Total Debt to Total Assets 49.2666 45.6249 41.984 17.5848 26.7461 24.361 18.4196 15.6834 14.3373

Free Cash Flow 63935.75 55539.3 51359.58 323.223 5557.236 2861.268 ‐3948.47 3952.138 4268.028

Free Cash Flow Yield 7.8808 5.2774 5.5086 0.2739 3.3199 2.3357 ‐5.9812 4.3954 4.7424

GENERAL ELECTRIC CO. HALLIBURTON BAKER HUGHES 
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EBIT 26,711,000 26,267,000 29,788,000 
Income Tax Exnpense 1,772,000 676,000 2,534,000 
Income Before Tax 17,229,000 16,151,000 17,381,000 
Tax Rate 10% 4% 15% 
NOPAT 23,963,778 25,167,595 25,445,166 
Total current assets 412,952,000 422,303,000 426,156,000 
Total current liabilities 208,440,000 206,572,000 249,389,000 
Property plant equipment  72,687,000 68,877,000 68,844,000 
Operating capital  277,199,000 284,608,000 245,611,000 
NIOC -7,409,000 38,997,000 245,611,000 
Free Cash Flow (FCF) 31,372,778 -13,829,405 -220,165,834 

 

Interpretation:  

As I mentioned before, FCF is an important indicator for any company that will allow it to 
enhance the value of its shareholders and without having sufficient cash, GE can’t operate well 
in developing any new products, making acquisition and even paying dividends to the 
shareholders and of course reducing its debt.  We can notice that the FCF has increased from 
negative value to a positive value $31,372,778 over the last three years and this will indicate that 
GE Oil & Gas is financially doing well and its management successfully managing its 
investment in the market. 

2014 2013 2012 

NOPAT 23,963,778 25,167,595 25,445,166 
Total current assets 412,952,000 422,303,000 426,156,000 
Total current liabilities 208,440,000 206,572,000 249,389,000 
Fixed Assets  72,687,000 68,877,000 68,844,000 
Operating capital  277,199,000 284,608,000 245,611,000 
Return on Invested Capital 9% 9% 10% 

 

Interpretation:  

The above excel table shows that values of the ROIC for GE Oil & Gas Company for the past 3 
years (2012-2014).  ROIC indicate whether GE is creating any additional value for its 
shareholders.  ROIC in the above table is stable and not decreasing sharply so this mean that GE 
is creating a value for their investors. 

2014 2013 2012 
NOPAT 23,963,778 25,167,595 25,445,166 
Operating capital  277,199,000 284,608,000 245,611,000 
WACC 7% 7% 7% 
Economic Value added (EVA) 4559847.758 5245034.886 8252396.331 
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Interpretation: 

The company’s EVA was positive for all three years from 2010 to 2012, which means that it 
make enough profit that is required to cover its business costs.  

2014 2013 2012 
Market price  25.47 23.41 23.25 
Common stock  702,000 702,000 702,000 
Par value  10 10 10 
No. of outstanding shares  70200 70200 70200 
Market value    1787994 1643382 1632150 
Total Stockholder Equity   
MVA 1,787,994 1,643,382 1,632,150 

 

Interpretation: 

As we can see from the above Figure 4, it indicates that MVA for GE Oil & Gas has increased 
over the last three years and since it’s a positive number; this prove that the market and investors 
have a strong believe in GE company. 

Conclusion:  

As I mentioned before, this research paper aimed to evaluate the financial performance for the 
three companies GE oil & Gas, Halliburton and Baker Hughes.  For completing this analysis I 
used the different financial ratios; Profitability ratios, Liquidity ratios, Yield ratios, Credit 
Leverage ratios and finally Growth ratios.  Based on the observation the three companies, it 
shows variances in their situations. 

Starting with Profitability value; I found that Halliburton showed higher value compare to GE 
and Baker Hughes but still that the peers value not bad.  In Liquidity ratio values I noticed that 
both Halliburton and Baker were having better status compare to GE and this is an indication of 
their strength in paying their short term debt obligations. 

From the results of the Yield ratio, GE showed greater value which indicate that its market share 
value is better and has higher enterprise value as well.  As per the result above for the Growth 
ratio; Halliburton still showing higher value and situation than GE and Baker. 

Finally, GE shows better position for Credit and Leverage ratio which indicate that Free cash 
Flow for the company is in very healthy status. 
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This detailed assignment has introduced the different corporate valuation modes for General 
Electric Oil & Gas Company worldwide that will help the company to have better way to 
evaluate its performance in the market and to improve their finance operation. 

The main purpose of this report is to provide the best and suitable tools to the investors to 
evaluate the performance of the company.  This was not achieved through the routine ways such 
as earnings per share or return on equity but with the effective use of ROIC, FCF, EVA and 
finally MVA which will give strong analysis for GE corporate valuation in the global market. 
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Finnish Approach to Innovation System 
 
Yan CASTONGUAY 
University of Quebec at Rimouski, Canada 
 
Abstract 
 
The Finnish innovation system is one of the best in the world (European Center ICEG 2011). 
This research project aims to understand the approach and orientation change of the Finnish 
innovation system. Based on an exploratory methodological approach, 11 semi-structured 
interviews were conducted in the summer of 2014 with support organization managers of the 
Finnish innovation system. The interviews have shown a mixed approach, top down and 
bottom up, in making Finnish political decisions. In addition, the Finnish system has recently 
changed orientation. It changed from a technology push orientation to a market pull 
orientation. The study revealed how the Finnish innovation system supports the different 
phases of the innovation process: conception, implementation, and marketing. This study 
provides insights to improve policy decisions related to the management of a national 
innovation system. In short, this research makes several contributions to the scientific 
community, business environment, and political environment. 
 
Keywords 
 
National innovation system - technology push - market pull – Finnish model. 
 
Introduction 
 
For many years, governments have taken many policy decisions to stimulate business 
innovation (Renaud and Boucher 2012). Governments are encouraging the development of a 
national innovation system so that companies can cope with stronger international 
competition. Based on the Triple Helix model, some countries, including Finland, are able to 
create a synergy between the business community, academia, and government institutions. 
The Finnish innovation system has also been quick to respond to technological change (ICEG 
European Center 2011). According to the World Bank1 in 2012, the ratio of intramural 
research and development (R&D) on the gross domestic product (GDP) of Finland (3.55%) 
was double the global average (1.75%). This percentage ranks Finland in second place of the 
world leaders in R&D just after Israel (3.93%). The United States and Canada are at the 8th 
(2.79%) and 16th place (1.73%) respectively. With about 5.4 million inhabitants, Finland has 
an exceptionally stimulating national innovation system for companies.  
 
Context 
 
Finland is a Nordic country that was under the influence of the Russian tsar for nearly a 
century until the early 1900s. Russian culture has greatly influenced Finland. Moreover, 
according to respondents, Finns innovate to improve society. Although the Russian 
occupation has left traces of a collective thought for the Finns, it had great negative impacts 
on the technological development of Finland. It is only since the 1960s that the Finns have 
focused on innovation in order to catch up (Lemola 2003). Inspired by the Brooks reports 

                                                 
1http://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS/countries?order=wbapi_data_value_2010+wbapi_d
ata_value&sort=desc (site consulted on October 25th 2015) 
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(1971) of the OECD on the development of science and technology, the Finnish government 
established the National Technology Agency (Tekes) in 1983. This organization plans and 
implements the development of innovation and research. During the 1980s and 1990s, Finland 
participated with the OECD in the development of a new concept: a society trending towards 
knowledge. Many of these changes are due to the Nokia company, a mobile phone 
manufacturer since 1998. This company has shown the importance of investing in R&D. 
Nokia maintained its position as world leader until 2011 when Samsung took first place. It 
inspired many Finnish companies. Nokia had bet on its technology to innovate and deliver 
products to increasingly demanding customers. Today, it has changed its strategic direction by 
focusing on an innovation process driven by market pull rather than technology push. The 
2008 crisis also led Finland to reassess its strategies related to innovation management. The 
government introduced the National Innovation Strategy of Finland in 2009 and the Policy 
Manual of research and innovation from 2011 to 2015 in 2010. Finland has also reformed the 
SHOKs that are organizations bringing the research and business communities together. The 
government also amended the law on the legal status of universities in January 2010. Finnish 
universities are now autonomous and separate from the state. 
 
Research objective 
 
This research aims to understand the Finnish innovation system. To meet this goal, we try to 
answer three research questions: 
 
• What is the approach used by the Finnish government? 
 
• What is the orientation adopted by the Finnish government? 
 
• How does the Finnish innovation system support all three phases of the innovation process: 
conception, implementation, and marketing? 
 
A better understanding of the Finnish innovation system not only helps to advance knowledge 
on the management of innovation systems, but also provides insights to improve policy 
decisions.  
 
Methodology  
 
Based on an exploratory methodological approach (Miles & Huberman 2003), this study aims 
to understand the innovation system from the point of view of national innovation support 
organizations. The methodology and interview grid were validated by the Ethics Committee 
for Research at the University of Québec at Rimouski. Subsequently, the 13 Finnish support 
organizations and three specialized professors were identified and contacted. In the summer of 
2014, ten semi-structured interviews were conducted with managers of the support 
organizations and an eleventh interview with a university professor who was involved in the 
development of policies of this innovation system. All interviews were recorded. The 
verbatim accounts were transcribed. Finally, the results of the interviews were collected and 
treated with NVivo software. 
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Approach used by the Finnish government  
 
The Finnish government has taken political decisions to establish an innovation system that 
facilitates collaboration between business and research. In addition to its advocacy role to 
promote collaboration among innovation actors, the Finnish government encourages 
investment in R&D activities. It also attempts to ensure the well-being of society in 
accordance with the Finnish culture. 
 
The regional dimension appears, however, much less important than the national dimension. 
We asked the respondents: “Which approach did the Finnish government use?  Did the 
Finnish government make room for the adaptation of each region or is it a global 
management?”. Several respondents noted that the Finnish government had supported the 
innovation system with a global approach for the country rather than a regional approach. 
 

 “Is it global management for the whole nation? Yes, it’s not completely, but step 
by step we are going to that direction more and more.” Interview # 6.  

 
The interviews revealed that the small size of the country and some areas forced the Finnish 
policy-makers to adopt a global vision. According to some respondents, regions must be of 
sufficient size to be taken into account in establishing innovation policies at the national or 
international level and in order to diversify their focus areas. 
 

“First of all, the Finnish regions are very small. Their size might be less than half 
a million inhabitants. The size of a big town. Yeah and the main town might be 
having 100, 000 inhabitants. So there’s clearly a scale issue here. The scale is just 
too small to have 10, 15 industrial clusters or focus areas. (…) The regions need 
to be smart in specializing on something. They can’t cover everything, but still 
you need to have, it’s good to have more than one specialization area, because 
it’s too risky.  So, the smaller you are, maybe it’s just three or four focus areas. If 
you’re large, larger like Helsinki, you can have maybe six to ten focus areas or 
something.” Interview # 7. 

 
This does not prevent the Finnish government from supporting the development of regions 
with regional consulting organizations. 
 

“I would say, Finland is such a small country that if you take any other region 
than Helsinki, it would be too small. So we are in the process of looking at things 
more and more nation-wide and even try to think of them internationally. So there 
is very, very little being done regionally these days.  There are some aids.  If you 
live in a very poor part of the country, then you can get some subsidies.  But that’s 
about it. There are no regional funding organizations. There are some regional 
consultancy organizations.” Interview # 6. 

 
The Finnish government makes decisions with the “top down” approach to select the 
country's strategic development areas. It analyzes the various sectors and supports those with 
potential for the development of the whole of Finland. Considering the Finnish culture 
wanting to improve society and to take into account the general population in its decisions, 
this result was contrary to expectations. We expected a full “bottom up” approach designed to 
involve all of Finnish society. 
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 “I don’t think they have some geographical priorities put by the governments.” 
Interview # 8. 

 
While the Finnish government does not base its decisions on regional priorities, it takes into 
account the strategic regions. 
 

“Government is involved in deciding which strategic areas would be important.” 
Interview # 2. 

 
The government analyzes the global and Finnish environment, and also consumers’ new 
trends to choose the areas of development it will support.  
 

“During that annual process, we (the government) don’t start the process from 
scratch, we just analyze the working environment, the world around us, our 
customer base, our own information and pinpoint maybe five or six special topics 
that we should focus on this year, and make the decision whether strategic 
changes or not, based on those few topics.” Interview # 6. 

 
Moreover, these strategic decisions defining the national innovation system are reassessed on 
a regular basis.  
 

“The ministry of economics is very good in this and every five-six years they make 
an external evaluation of every organization and also of the whole system 
(innovation system), like here.” Interview # 6. 

 
On the other hand, in a “bottom up” approach, the government offers the business 
environment total freedom of action so that firms can propose new development areas. 
 
Moreover, to take into account Finnish expertise, the Finnish government had set up a 
program with competing regions. Regions wishing to participate in this program had to 
demonstrate that they possessed the firms and the qualified human resources able to develop a 
competitive advantage in a focus area.  
 

 “It was called the Center of Expertise Program. (…) basically the idea was that 
the government set up a competition between the regions; that you may apply to 
be part of this program. By applying into the program, you need to decide what 
your focus areas are. The focus areas need to be something that you can show 
evidence that you have companies, you have a skilled labour force, you have some 
advantage, competitive advantage, whether it’s forestry or ICT or whatever, and 
preferably, you have some research activities ongoing.”  Interview # 7. 

 
The Finnish government therefore makes decisions based on a global approach by choosing 
Finland’s development areas, with regions competing with others, to select the areas with the 
most potential. It also suggests the possibility that new trends can directly emerge from 
Finnish companies.   
 

“The government is involved, giving the support to the companies, but the 
companies themselves decide what they need. It’s like in the SHOK 
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organizations2, when they were established, the basic idea behind (them) was that 
the companies better know what kind of large technology development programs 
should be established in Finland, not (the) government, but the companies, and 
that’s why they were established. More like not the policy part, but more like 
bigger programs – what should be done together in Finland. That decision-
making is given to the companies, even though support, the large financial 
support comes from government.” Interview # 8. 

 
Although the government has decided to support five development areas, it allowed firms to 
regroup and seek its support to develop new focus areas.  
 

“I am very proud to say that our industry said that: Hey, we are so important for 
the whole society, we really have to have our own SHOK, to create our own 
innovation process.” Interview # 1. 

 
Thus, a large part of its budget related to research support is already reserved for five 
development areas: Energy and the environment CLEEN, Finnish Bioeconomy Cluster 
FIBIC, Metal products and mechanical engineering FIMECC, Health and well-being SalWe, 
and the Information and communication industry and services DIGILE. These areas were 
selected based on the resources and expertise present in Finland, according to international 
trends. The other part of the budget is dedicated to the development areas that will directly 
emerge from the business environment such as environmental innovations in the field of 
construction with Built environment innovations RYM3.   
 

“We have some specific theme-oriented programs going on based on these 
themes, but we only use about 50% of funding in these programs, and we reserve 
the other 50% of our funding for open-call, for any projects, because we believe 
that, of course, public sector can have a very large impact in focusing on some 
specific knowledge areas. They create the spearheads for new development in that 
economy. But we don’t expect us, as civil servants, to have all the information or 
insights on new possibilities, so we think it is very important for us to keep doors 
open for any good ideas.” Interview # 9. 

 
In short, the Finnish government adopts a mixed approach to support its innovation system. 
It provides a global approach, a shared vision taking into account regional resources, but 
mostly trends in developing new markets.  
 

“So coming back to your question, whether it’s centrally determined or whether 
it’s bottom up, I think it’s both in a way; that government wants to support the 
regions to define the focus areas themselves, and if they manage to do it in a 
credible way, then the government will support them. So I think it’s a smart 
strategy, because it sets the responsibility for the regions, but at the same time, we 
will support them, from the government.” Interview # 7. 

 
Approach adopted by the Finnish government  
 
One of the first authors who discussed the importance of exchanges between companies in the 
innovation process is Joseph Schumpeter (1934). First of all, he distinguished between the 
                                                 
2 http://www.shok.fi/en/ (consulted on November 11th 2015) 
3 http://www.shok.fi/en/ (site consulted on April 20th 2015) 
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concept of invention and innovation. Schumpeter defines the invention as an object that is 
created for the first time, while innovation is defined as a realization of new combinations for 
the commercial application of an invention. A few years later, Schmookler (1966) emphasized 
the role of customers in the innovation process because they represent an important source of 
information for innovation. Customers inform businesses of their needs, allowing the 
development of new products, especially in an innovation process driven by the “Market 
Pull”. Nelson (1984) has meanwhile approached the innovation process driven by 
“Technology Push” which demonstrates the importance that technology suppliers have in the 
innovation process, including innovation in manufacturing processes. It was not until the late 
1980s that the concept of national innovation system appeared (Niosi 2005). Paul Krugman 
(1991) and Michael Porter (1998; 2000) studied the interactions between the various actors in 
the innovation system. From the Triple Helix model, national innovation systems have three 
main actors: industry, academia, and government. The government, via national support 
agencies, tries to facilitate knowledge transfer from researchers to the business environment. 
National innovation systems are usually focused on one of these two orientations: “Market 
Pull” or “Technology Push”. 
 
Although the Finnish innovation system seems efficient (European Center ICEG 2011), it has 
recently undergone a transformation. The Finnish government has changed direction. It has 
moved from a “Technology Push” orientation system to a “Market Pull” orientation system. 
The success of the Finnish innovation system is due largely in part to Nokia. 
 

“Nokia played a very important role in Finland.  So the focus was in hardware, 
but nowadays, you also know, that the service industry is the one which is the 
future of ICT.” Interview # 2. 

 
Nokia’s recent difficulties prompted the Finnish government to review the direction of its 
innovation system. The whole Finnish innovation system was based on a “Technology Push” 
orientation.  
 

“The best possible technology is the best product, even though if you don’t like it, 
but it’s good technology.  That’s one of the strengths of this country and 
weaknesses also. That’s what people say, that sank Nokia cellular phone making. 
The technology was good, but they didn’t pay attention to what customers actually 
need, like Apple did. And that’s one of the classic examples.” Interview # 4. 

 
Although the level of technology is a strength of Finnish companies, the innovation system 
had to change orientation.  
 

“The Finnish companies are more technology oriented.  It might explain 
something. This technology orientation has been strong and it has been good, but 
it’s not always good.” Interview # 8. 
 “We understood in the 90s that it’s not enough if we invest only in technology. So 
it’s too much technology push. We have to change the thing.  We can create this 
market pull, too. And we understood also that we really need services.” 
Interview # 1. 

 
In short, the Finnish innovation system is currently undergoing a change of orientation. The 
Finnish government aims to adopt a new approach based on “Market Pull” innovation. To 
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achieve this change, the actors of the system must develop new skills, including marketing 
expertise. 
 
Phases of innovation: conception, implementation, and marketing  
 
The national innovation system is designed to support companies in their different phases of 
the innovation process. Tiwari (2007) separates the innovation process into three phases: 
conception, implementation, and marketing. During the interviews, we tried to understand: 
How does the Finnish innovation system support all three phases of the innovation process: 
conception, implementation, and marketing? 
 
Conception phase 
 
The conception phase of the innovation process focuses on the needs analysis of customers, 
the generation of ideas, the evaluation of ideas, and project planning (Tiwari 2007). Being a 
small country, Finland has certain advantages, including close proximity between the different 
actors of the system. However, this proximity brings some negative effects limiting the 
emergence of new ideas.  
 

 “It’s a little bit problematic, if you think about innovations, because a small 
nation, it means that not too many outside ideas may pop up. And innovation, 
especially open innovation, it’s about getting new ideas.  It’s getting very, very 
mixed settings of different people from different backgrounds. If you take this 
small nation, everybody has the same backgrounds. Everybody knows each other. 
It’s not too heterogeneous. It’s too homogeneous.” Interview # 5. 

 
The information exchanged between people who are geographically close can bring a certain 
redundancy of ideas (Bell and Zaheer 2007). This redundancy is explained by the fact that 
individuals share common experiences and references (Castonguay 2014). Despite the 
possibility of redundancy of ideas, the Finnish government encourages the exchange of 
knowledge between academia and the business community to create new knowledge. 
 

“The SHOKs were established by the Finnish government in order to get 
researchers and companies to work together more. So, that was the government’s 
idea.” Interview # 5. 

 
The Finnish government has set up some organizations named SHOKs to bring together 
researchers and entrepreneurs in order to support the conception phase and the 
implementation phase of the innovation process. 
 
Implementation phase 
 
The implementation phase is based on development and construction, prototyping, pilot and 
test implementation (Tiwari 2007). Some actors of the Finnish innovation system have 
revised how to work with the different actors in this phase. 
 

“And about 2005, or the middle of that decade, we understood we have to have 
also organizational innovation. So, we have to create something for 
organizational development and then we started that kind of work also. So we 
have made these kinds of steps in our thinking in Finland and that’s why we have 
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been ranked so high on the list of national innovation systems, because we have 
had the ability to change our thinking to see something.” Interview # 1. 

 
Particularly in the construction industry:  
 

“It started how to save energy in society. But as I say, it’s not challenging enough 
if you are saving something. How we can create society so that the buildings are 
plus energy? They are using energy for industry.  How we can create the urban 
environment so that it energizes people? That’s why we changed the target, so 
that it’s not…. it’s creating energizing. How we can create ecosystems, it’s 
societies, urban environment and so forth?” Interview # 1. 

 
Although the Finnish innovation system is designed to support companies in the phases of 
design and implementation, there is a significant gap in the last phase of the innovation 
process: marketing. 
 
Marketing phase  
 
Indeed, one of the weaknesses of the Finnish system is the lack of marketing expertise. This 
marketing phase is based on production, launch, and penetration in a national or international 
market (Tiwari 2007).  
 

“It’s also our weakness; the sales and marketing because we are just waiting that 
somebody comes to buy some of the products. We are not promoting it and it’s 
much easier to start activity – the development point of view - but also that’s our 
kind of weakness – that we are not doing the marketing side, so much.  That’s one 
of the things that I have been now pushing very much: that our organization, also 
to government, that we need to do more sales.” Interview # 3. 

 
This lack of marketing expertise is long-standing.  
 

“The weaknesses of the Finnish Innovation System are the commercialization 
phase.  We have much more results of the research phase than the companies are 
really not capable to sell them in the market.  That has a lot to do about how our 
universities operate. The Finnish people are not such good salesmen because of 
our history. (…) The university students are not, they do not have enough 
commercial knowledge and training.  This is a problem that we are struggling 
with. It is improving, but it has its long roots. I studied in the university in the 
‘80s, and there was almost zero word about entrepreneurship or how to 
commercialize a product.” Interview # 6. 

 
Finnish companies were, in the past, more focused on “business to business” than “business to 
customer”. The Finns were therefore less accustomed to understanding consumers.   
 

“Maybe something about the Finnish industry is that we don’t have very strong 
firms in the consumer markets, so most of the Finnish companies are producing 
business to business products.” Interview # 7. 

 
This weakness comes from the Finnish culture and has inspired some jokes. 
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“This is a joke, but this is very much true. What is the difference between the 
Finns, the Swedish, the Norwegians and the Danish? You know they say the Finns 
are developing and developing, but they can’t sell anything.  The Swedes, they can 
sell anything, they sell you furniture and clothes, whatever all over the world. 
They don’t develop so much, but they can sell anything.  The Norwegians have so 
much money because of the oil, they don’t have to develop, they don’t have to sell, 
but they have lots of money. They can buy anything. So the Finns are so busy 
developing, the Swedish are busy selling, the Norwegians are so busy buying, 
what do the Danish do? They are having fun.” Interview # 6. 

 
This joke reflects the reality of the Finnish innovation system. Moreover, the lack of 
marketing expertise has a direct impact on Finnish companies’ internationalization capacity.  
 

“We have a good system and many good practices –one of the clear weaknesses 
that has been repeatedly coming up is the low level of internationalization of our 
research compared to some other countries such as Sweden, for instance.” 
Interview # 7. 

 
The difficulty in understanding consumers, especially foreign consumers, limits firms’ 
international expansion.  
 

“I think we have been quite weak in understanding consumer behaviour. But now 
we have learned that consumers, in the end, are those decision-makers and they 
make the markets and so on. We have been more focused on consumer.” Interview 
# 8. 

 
It is therefore important for Finland to increase its marketing skills to acquire international 
markets. Moreover, several respondents noted that the population of Finland isn’t large 
enough to be considered an attractive market.  
 

“If we think of the innovativeness from the small nation point of view, we cannot 
sell things to each other, because 5.3 million: it’s not a market.” Interview # 5. 

 
Conclusion 
 
In short, this study allowed us to understand, firstly, the mixed approach of the Finnish 
innovation system. The government adopts a “top down” approach by choosing the areas of 
development for the entire population. In addition, it allows the possibility that new areas can 
emerge directly from industry with a “bottom up” approach. Secondly, the Finnish innovation 
system is in the middle of a policy change. It changes from an orientation driven by 
“technology push” to a “market pull” orientation. Finally, this research has allowed us to 
understand the current challenge of the Finnish government of developing marketing expertise 
in the Finnish innovation system. These results will likely help provide insights to improve 
policy decisions stimulating collaboration between the different actors of the innovation 
system. It is important to mention that the results of this research reflect the point of view of 
support organizations on their national innovation system. In future research, it would be 
relevant to study the business environment’s point of view as well as academia’s. 
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Abstract 

Intrusion Detection System (IDS) is an effective tool that can help to prevent 
unauthorized access to network resources. A good intrusion detection system should have 
higher detection rate and lower false positive. This paper proposes a approach for 
designing IDS using Neural Networks (NNs) as training network is done in two stages 
and serial form. We tested this model on three different neural networks and compare its 
performance with models that training proce in those is simple. Three different types of 
NNs were used: Self Organization Feature Map (SOFM), Jordan/Elman (J/E) and 
Principal Component Analysis (PCA). Experiments and evaluations were performed with 
the KDD Cup 99 intrusion detection dataset that we use all of connections in this database 
for training and testing NNs. Results showed that proposed model has noticeably 
improvement in comparison with simple models with satisfactory detection rate and false 
positive as IDS with this system yields the same performance level or better as compared 
to other existing systems.  

Key words: Intrusion detection; Detection rate; False Positive; Classification Rate; Cost 
Per Example; Neural Networks; KDD Cup 99 
 
1. INTRODUCTION 

Heavy reliance networked computer resources and the increasing connectivity of these 
networks has greatly increased the potential damage that can be caused by attacks 
launched against computers from remote sources. These attacks are difficult to prevent 
with firewalls, security policies, or other mechanisms because system and application 
software is changing at a rapid pace, and this rapid pace often leads to software that 
contains unknown weaknesses or bugs. Intrusion detection systems are designed to detect 
those attacks that inevitably occur despite security precautions [1]. Intrusion detection is 
the process of determining an intrusion into a system by the observation of the 
information available about the state of the system and monitoring the user activities. An 
intrusion detection system or IDS is any hardware, software or combination of both that 
monitors a system or network of systems for a security violation [2]. IDSs are classified 
into two types: misuse detection and anomaly detection. Misuse detection is a method in 
which intrusion pattern is hand-coded using expert knowledge for well-known attacks of 
the system, then through matching and identifying these known intrusions with patterns, 
intrusions of system are detected. Misuse detection has low false alarm because of its 
nature. But the main shortcomings of misuse detection are: known intrusion patterns have 
to be hand-coded; it is unable to detect any new or unknown attack that has no matched 
pattern stored in the system. Anomaly detection assumes that an attack will always reflect 
some deviation from normal patterns, which is designed to capture any deviations from 
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the established profiles of the system’s normal behavior. Anomaly detection can detect 
new and unknown intrusion, but it has the shortcoming of false alarm rate. A good 
detection system should have higher detection rate and lower false alarm. In order to 
detect intruders, many artificial intelligent (AI) techniques, such as rule-based expert 
system, immune principles, data mining technique and so on, have been applied to 
intrusion detection [3]. Moreover, the use of the artificial neural networks in IDS has had 
a great successful, too. The main work of IDS is to classify normal and intrusive event 
from the original dataset. Neural networks have proven to be a promising modus operandi 
for ID. A wide variety of IDSs are using neural networks to address the ID problem. The 
main reason for using the neural networks in IDS is their generalization ability which 
makes it suitable to detect unknown attacks. In IDSs, we can use a simple neural network 
or combination of neural networks or combination of neural networks with other 
approaches.  

The proposed system has different layers and training network is done in two separated 
stages. After preprocessing on the original data, these records classify in five different 
classes. In the first stage there are five similar NNs for five classes of records. Every NN 
contains only related records. Then outputs of this stage is combined and transferred to a 
NN similar with NN in the first stage as second stage. After these two stages training 
network finish. We tested this model on three different NNs. Results showed that 
applying two separated stages in training and combination of some neural networks 
improves the performance in comparison with existing systems. 

The rest of the paper is organized as follows. Section 2 provides a background of 
related work. Section 3 describes KDD Cup 99 database that is used for doing 
experiments. In section 4 the studied neural networks that are used in this work is 
described. The proposed system architecture is presented in Section 5. Section 6 explains 
performance evaluation for the comparison this work with other works. Finally, in section 
7 and 8 we present experiments and conclusion. 
 
2. Related work  

 Among the vast variety of techniques which have been researched for the IDS, the 
interest on AI techniques and data mining applications have received greater attention 
particularly the use of unsupervised leaning methods as they have the ability to address 
some of the shortcomings [4]. This also helps to achieve the ultimate goal for the IDS i.e. 
the capability of novelty detection. Recently, the unsupervised learning method (SOM) 
has represented an excellent performance for sensors work on an unsupervised learning 
mode [5], as well as it is efficient for real-time intrusion detection [6].   

In [7] a new approach that is anomaly based and utilizes causal knowledge inference 
based on fuzzy cognitive maps (FCM) and multiple self organizing maps (SOM) is 
represented. Detection rate and false alarm in this approach is 90% and 10.29% 
respectively.  

A novel method using the Fisher’s filter to select attributes and attack classification is 
suggested. This method is applied for four neural networks and results show that detection 
rate and classification rate are largely improved [8].  

The techniques that are being investigated include fuzzy logic with network profiling, 
which uses simple data mining techniques to process the network data. The hybrid system 
that combines anomaly and misuse detection and using fuzzy rules is reported. The results 
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showed that detection rate for all type of attacks is increased and Attack Accuracy with 
99.90% is gained [9].  

A study that analyzes performance of some neural network when all of KDD dataset is 
used for training in order to classify and detect attacks is reported. The three types of 
neural networks that are studied: Multi Layer perceptron (MLP), Self-Organizing Feature 
Map (SOFM), Jordan / Elman neural network, recurrent neural network and RBF neural 
network. Their results showed that Percent of Correct Classification (PCC) is 99.16%, 
98.28%, 98.36%, 98.44% and 79.23% respectively [10].  

A serial multi-stage classification system for facing the problem of intrusion detection 
in computer networks is proposed. This approach offers the advantage that at each stage it 
is possible to use a set of features tailored for recognizing a specific attack category.  
Overall error and missed detection in this method is 0.68% and 0.67% respectively [11].  

Some of the existing ID models use multi-level structure instead of single-level in order 
to detect all types of attacks. A hierarchical ID model using principal component analysis 
(PCA) neural networks is proposed. This method for anomaly detection and misuse 
detection has a good result in comparison with other methods [12]. Two hierarchical IDS 
frameworks using Radial Basis Functions (RBF) are proposed. A serial hierarchical IDS 
(SHIDS) is proposed to identify misuse attack accurately and anomaly attacks adaptively. 
A parallel hierarchical IDS (PHIDS) is proposed to enhance the SHIDS's functionalities 
and performance. The experiments show that the three proposed IDSs can detect network 
intrusions in real-time, train new classifiers for novel intrusions automatically, and modify 
their structures adaptively after new classifiers are trained. The experimental results 
successfully showed that RBF network based IDS have a good performance in misuse 
detection with a 98% detection rate and a 1.6% false positive detection rate [13]. An 
approach to network intrusion detection is investigated, based purely on a hierarchy of 
Self-Organizing Feature Maps. This principal interest is to establish just how far such an 
approach can be taken in practice. In this paper a hierarchical SOM architecture is 
investigated under two basic feature sets, one is limited to 6 basic features whereas the 
other contains all 41-features [14].  

In [15] a MLP is used for ID based on an off-line analysis approach. Different neural 
network structures are analyzed to find the optimal network with regards to the number of 
hidden layers. An early stopping validation method is also applied in the training phase to 
increase the generalization capability of the neural network. The result shows that the 
designed system is capable of classifying records with about 91% accuracy with two 
hidden layers of neurons in the neural network and 87% accuracy with one hidden layer.  

 
However, in order to refine the process and achieve better detection and performance, 

extra efforts are required.  
 
3. The database 

The 1998 DARPA Intrusion Detection Evaluation Program was prepared and managed 
by MIT Lincoln Labs. The objective was to survey and evaluate research in intrusion 
detection.  A standard set of data to be audited, which includes a wide variety of 
intrusions simulated in a military network environment, was provided.  The 1999 KDD 
intrusion detection contest uses a version of this dataset. A connection is a sequence of 
TCP packets starting and ending at some well-defined times, between which data flow to 
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and from a source IP address to a target IP address under some well defined protocol. 
Each connection is labeled as either normal, or as an attack that includes 41 features. 
These features are in forms of continuous, discrete, and symbolic that fall into four 
categories [16]: 

 Basic Features: Basic features can be derived from packet headers without 
inspecting the payload. 

 Content Features: Domain knowledge is used to assess the payload of the original 
TCP packets. This includes features such as the number of failed login attempts. 

 Time-based Traffic Features: These features are designed to capture properties that 
mature over the 2 second temporal window. One example of such a feature would 
be the number of connections to the same host over the 2 second interval. 

 Host-based Traffic Features: Utilize a historical window estimated over the 
number of connections- in this case 100 - instead of time. Host based features are 
therefore designed to assess attacks, which span intervals longer than 2 seconds. 

But the attack types are classified into the following four categories: 
 DoS (Denial of Service): making some computing or memory resources too busy 

to accept legitimate users access theses resources.  
R2L (Remote to Local): unauthorized access from a remote machine in order to 
exploit machine’s vulnerabilities. 
 U2R (User to Root):  unauthorized access to super user or root functions.  
 Probe: surveillance and other probing for vulnerabilities. 

KDD database include two groups as training and testing record sets. Training database 
has about 5 million records. This is very large; for this reason in more investigation 
works, another training database is applied as 10% training database and we have used 
this database, too. Distribution of normal and attack types of connection records in 10% 
training and testing database is shown in Table 1. 

 
Table 1. Distribution of normal and attack connection in the KDD dataset 

Class Train Test 
Number Percent Number Percent 

Normal 97278 19.69 60593 19.48 

DOS 391458 79.24 229853 73.90 

Probe 4107 0.83 4166 1.34 

U2R 52 0.01 228 0.07 

R2L 1126 0.22 16189 5.2 

4. The studied neural networks 

There are different NNs for investigation works. We are used three different NNs. 
These are briefly described in this section.   

4.1 Self-Organizing Feature Map (SOFM) NN 

Self-organizing feature maps (SOFMs) transform the input of arbitrary dimension into a 
one or two dimensional discrete map subject to a topological (neighborhood preserving) 
constraint. The feature maps are computed using Kohonen unsupervised learning. The 
output of the SOFM can be used as input to a supervised classification neural network 
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such as the MLP. This network's key advantage is the clustering produced by the SOFM 
which reduces the input space into representative features using a self-organizing process. 
Hence the underlying structure of the input space is kept, while the dimensionality of the 
space is reduced. 

4.2 Jordan/Elman (J/E) NN 

Jordan and Elman neural networks extend the multilayer perceptron with context units, 
which are processing elements (PEs) that remember past activity. Context units provide 
the network with the ability to extract temporal information from the data. In the Elman 
network, the activity of the first hidden PEs is copied to the context units, while the 
Jordan network copies the output of the network. Networks which feed the input and the 
last hidden layer to the context units are also available. 

4.3 Principal Component Analysis (PCA) NN 

Principal component analysis networks (PCAs) combine unsupervised and supervised 
learning in the same topology. Principal component analysis is an unsupervised linear 
procedure that finds a set of uncorrelated features, principal components, from the input. 
A MLP is supervised to perform the nonlinear classification from these components. 

5. The proposed system architecture 

In this paper a new classification system  as IDS is introduced so that training network 
is done in two separated stages and serial form although the first stage for training can do 
parallel form, too. Our proposed architecture is illustrated in Figure 1.   
 

 
Figure 1 System architecture block diagram 

The main motivation for this work was to compare training single stage and two stages 
for networks also, designing an IDS with desired performance. Neural networks contain 
two steps, training and testing network. Using KDD Cup 99 and doing required 
preprocessing, these data are ready for training and testing network. For this reason neural 
networks work with numeric data doing preprocess on the data is necessary. At the first, 
network is trained and then is tested. After preprocessing, information that was shown in 
Table 1 obtains.  

In our approach, database connections are classify in five main classes. From this here 
training network is started. In the first stage, there are similar five neural networks (NNs) 
for five classes of connection. Every NN contains only related connections and each 
providing five outputs between 0 and 1. In this stage every NN has 41 processing 
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elements (PE) in input layer, 5 PEs in hidden layer and 5 PEs in output layer- 4 attack 
categories and 1 normal connection- that is shown as [41; 5; 5]. NNN[41; 5; 5] is applied 
for training Normal connections, NND[41; 5; 5] is used for training DoS connections, 
NNP[41; 5; 5] for training Probe connections, NNU[41; 5; 5] for U2R and NNR[41; 5; 5] 
for training R2L is applied. At the end of this stage a little knowledge from dataset about 
different classes is provided. Then outputs of this stage is combined and transferred to a 
NN as second stage. This NN neural network uses output of first stage as input and has 
structure as [5; 30; 30; 5]. After these two stages training network is finished. 

Our approach uses all these features and connections in dataset as training dataset that 
was introduced in section 2. Note that for testing network every connection is given to all 
of networks and the main result is obtained at the end of second stage which shows the 
place of each input connection in these five classes. 

6. Performance Evaluation 
For evaluation and comparison works is applied different parameters but in this paper, 

we use all of evaluation parameters. In this section four parameters is introduced for the 
comparison this work with other works. 

 Detection Rate: ratio between the number of correctly detected attacks and the 
total number of attacks. 

 False Alarm (False Positive): ratio between the numbers of normal connections 
that is incorrectly misclassified as attacks and the total number of normal 
connections.   

 Classification Rate: this parameter for each class of data is defined as the ratio 
between the number of test instances correctly classified and the total number of 
test instances of this class.   

 Cost per Example (CPE): CPE is calculated using the following formula: 

CPE 
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Where CM and C are Confusion Matrix and Cost matrix, respectively, and N represents 
the total number of test instances, m is the number of classes in classification. A 
Confusion Matrix is a square matrix in which each column corresponds to the output 
class, while rows correspond to the desired classes. An entry at row i and column j, CM (i, 
j), represent the number of misclassified instances that originally belong to class i, 
although incorrectly identified as a member of class j. The entries of the primary 
diagonal-CM (i, i) - stand for the number of properly detected instances. Cost matrix is 
similarly defined, as well as entry CM (i, j) represents the cost penalty for misclassifying 
an instance belonging to class i into class j [17]. Cost matrix values employed for the 
KDD’s classifier learning contest are shown in Table 2 [16]. Lower values for CPE show 
better classification for IDS. 

 
Table 2. Cost matrix values for the KDD’s classifier learning contest 

Desired/Output Normal DoS Probe U2R R2L 
Normal 0 2 1 2 2 

DoS 2 0 1 2 2 
Probe 1 2 0 2 2 
U2R 3 2 2 0 2 
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7. Experiments  

NeuroSolution software [18] was used for the implementation of all the studied NNs, 
on a T5500 (1.66 GHz), with 0.99GB of memory. All connections of database 494021 
connections for training and 311029 connections for testing (Table 1) are applied to 
evaluation. We discuss the results according to the performance evaluation.  

In order to compare training single stage and two stages, we did two experiments. In 
these two experiments the transfer function was TanhAxon, and the learning rule was 
Momentum. The Mean Square Error (MSE) in the training step was 0.01.   

In the first experiment is used simple model as Figure 2. This is usual form for training 
NN that in it after preprocessing on KDD Cup99, data are be ready for NN. We tested this 
model on the three different NNs that were introduced in section4. All of NNs are as [41; 
30; 30; 5].  In the second experiment is used proposed model that was expressed in 
section 3. This model is tested using the same three NNs, too. 

 

 

 

 

 

 
 

 
Figure 2. IDS using single stage model for training NN in it. 

 
Results of these two experiments for three NNs are shown in related CMs in below 

tables. Detection Rate (DR), False Positive (FP) and Cost per Example (CPE) are also 
added. 
 
 
 
 
 

Table 3. Confusion Matrix for SOFM with single stage model 
Desired/Output Normal DoS Probe U2R R2L 

Normal 60429 19 129 0 16 
DoS 8441 221352 60 0 0 

Probe 2013 3 2150 0 0 
U2R 228 0 0 0 0 
R2L 16186 0 1 0 2 

FP (%) 81.46 0.0099 8.12 0 88.89 
DR (%) 91.29 

CPE 0.272 
 

R2L 4 2 2 2 0 
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Table 4. Confusion Matrix for SOFM with proposed model 
Desired/Output Normal DoS Probe U2R R2L 

Normal 60593 0 0 0 0 
DoS 0 229853 0 0 0 

Probe 0 0 4166 0 0 
U2R 0 0 0 228 0 
R2L 0 0 0 0 16189 

FP (%) 0 0 0 0 0 
DR (%) 100 

CPE 0 
 

Table 5. Confusion Matrix for Jordan/Elman with single stage model 
Desired/Output Normal DoS Probe U2R R2L 

Normal 59741 608 208 0 36 
DoS 7175 222042 152 3 481 

Probe 269 66 3828 0 3 
U2R 41 5 128 52 2 
R2L 15729 0 4 1 455 

FP (%) 27.98 0.30 11.39 7.14 53.43 
DR (%) 91.99 

CPE 0.259 
 

Table 6. Confusion Matrix for Jordan/Elman with proposed model 
Desired/Output Normal DoS Probe U2R R2L 

Normal 60591 2 0 0 0 
DoS 0 228593 145 962 153 

Probe 0 0 4166 0 0 
U2R 0 0 0 228 0 
R2L 0 0 0 0 16189 

FP (%) 0 0.0009 3.36 80.84 0.94 
DR (%) 99.594 

CPE 0.007649 
Table 7. Confusion Matrix for PCA with single stage model 

Desired/Output Normal DoS Probe U2R R2L 
Normal 60392 191 10 0 0 

DoS 18953 58833 152067 0 0 
Probe 1078 2686 402 0 0 
U2R 115 113 0 0 0 
R2L 15968 220 1 0 0 

FP (%) 37.42 5.17 99.74 0 0 
DR (%) 38.46 

CPE 0.841 
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Table 8. Confusion Matrix for PCA with proposed model 
Desired/Output Normal DoS Probe U2R R2L 

Normal 60593 0 0 0 0 
DoS 1024 228829 0 0 0 

Probe 0 0 4166 0 0 
U2R 5 0 223 0 0 
R2L 3 0 0 0 16186 

FP (%) 1.67 0 5.08 0 0 
DR (%) 99.596 

CPE 0.008105 
 

According to the previous tables (from table 3 to table 8), results of experiments using 
two stages proposed model is very noticeable.  

8. Conclusion 

In this section we investigate the performance of our proposed model with other works 
in this field. Also in order to better comparison between two training approach results of 
previous section is studied in this section. This information is showed in Table 9.  
 

Table 9. Comparison between some IDS and our work 
Performance 

Evaluation (%) 
 

Approach 

 
Normal 

 

 
DoS 

 
Probe

 
U2R 

 
R2L 

 
DR 

 
FP 

 

 
CPE 

[3] - 85 69.3 64.9 70 76.3 0.87 - 

[7] 99.51 98.37 88.4 84.33 71.13 90 10.29 - 

[8] 94.9 99.46 95.17 0 90.76 98.49 - - 

[9] 99.70 99.95 99.45 79.96 100 99.90 - - 

[10] 99.85 99.36 92.45 0 0 99.16 - - 

[17] 98.2 99.5 84.1 14.1 31.5 95.3 1.9 0.1579 

Proposed 
model (SOFM) 

100 100 100 100 100 100 0 0 

Single stage 
model (SOFM) 

99.73 96.30 51.61 0 0.0124 91.29 8.71 0.272 

Proposed 
model (J/E) 

99.997 99.452 100 100 100 99.594 0.406 0.007649

Single stage 
model (J/E) 

98.6 96.6 91.89 22.81 2.81 91.99 8.01 0.259 

Proposed 
model (PCA) 

100 99.554 100 0 99.981 99.596 0.404 0.008105

Single stage 
model (PCA) 

99.67 25.6 9.65 0 0 38.46 61.54 0.841 
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According to the above table, proposed model has very better performance in 
comparison with single stage model from the point of all performance evaluation. 
Although values of classification rate for three classes Normal, DoS and Probe in every 
three NNs exception PCA is some deal satisfactory and compatible with other work in 
single stage model but these values in proposed model has been very improvement even 
in case of PCA as values of these three classes is between 99.452% and 100%. For this 
reason that number of connections Probe (4107 connections), U2R (52 connections) and 
R2L (1126 connections) in database is very limited, values of classification rate in more 
IDSs is very poor but these values in our proposed model has been noticeable 
enhancement.     

Results of proposed model are showed that this model yields the same performance 
level or better as compared to other existing models. With regard to DR the best result is 
99.90% in [9] but DR in our model in three different NN is 100%, 100% and 99.997%. 
When we compare FP in different works, this value in our model is between 0.406% and 
0%. CPE parameter isn’t calculated in all works but with regard to values of classification 
rate in Table 9, our model has the lowest value in every three NNs. With regard to the fact 
that the numbers of U2R, R2L and Probe connections are used in network training are 
very limited, the value of classification rate for these classes is very low in most work. 
But in our model this amount has improved noticeably. Using and combining neural 
networks with other approaches and reducing number and feature connections for training 
neural network in order to learn only useful information will be our future  work. 
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Abstract 
 
Mathematics is one of the core subjects that are offered in secondary schools. It plays a 
significant role in the development of any nation. Mathematics curriculum implementation is 
the act of translating curriculum documents into operating act which involves efforts of the 
teacher, students and other factors. The study was a descriptive survey design to ascertain 
the perception of mathematics teachers in mathematics curriculum implementation. The study 
comprises all JSS mathematics teachers in public school in Nsukka Education zone of Enugu 
State, Nigeria. Ten schools were randomly sampled from fifty nine secondary schools in 
Nsukka Education zone. All the JSS mathematics teachers in the selected ten schools were 
used. There are a total of twenty five mathematics teachers in the ten schools. Questionnaire 
was administered to elicit response. From their response it was discovered that teachers 
agree that objective of JSS mathematics curriculum are clearly stated, organized and related 
to the three domains of education but this objectives are not effectively achieved. This is as a 
result of some implementation problems. The researcher recommends that teachers should be 
sponsored for in-service training, conference and seminar, establishment of mathematics 
laboratories for the improvisation of instructional materials and teachers should be carried 
along in curriculum planning.  
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Introduction 
 Development is an all-encompassing process, designed to enhance human dignity 
through the provision and access to quality service and improve quality of life. Education in a 
means of achieving this development while sustainable development is a process of 
developing land, cites, business and communities that meet the need of the present without 
compromising the ability of future generation to meet their own needs (Paper 2007).  
Sustainable development thus demands ways of living and working together so as to lead to 
social fulfillment and economically secure live without endangering the future welfare of the 
people. 
     Mathematics is the study of quantity, structure, space and change. It is a science that 
draws necessary conclusion and is considered as a means of sharpening the individual’s 
minds, shaping the reasoning ability, and developing the personality (Usuman 2002). 
Mathematics is used throughout the world as an essential tool in many field, including natural 
science, engineering, medicine, and social science. Odili (2006) also observed that 
mathematics played a significant role in the national development of any country in the area 
of technology for the exploitation of natural resources. According to Adeniran (2006) the 
knowledge of mathematics at the secondary school level will help to produce citizens that can 
manufacture raw materials, machines and tools needed for industries. The role of 
mathematics in national development is further highlighted by Ademole (2004) when he 
posited that the high regard for mathematics is because it has helped in the development of 
modern technology through the application of its principles in modern inventions.  
Mathematics Curriculum Implementation  
 Curriculum according to (Ughamadu 2006) are both planned and unplanned 
experiences which the learners receive in the process of their formal or semi formal education 
for the purpose of becoming rounded person who can make meaningful contribution to the 
welfare of the society and the world. Enem (2012) opined that curriculum is society-based 
and addresses the need, interests and aspirations of learners in the society. He further stated 
that curriculum is a systematically organized body of knowledge through which the goals of 
education can be attained under the guidance of the school for the fulfillment of the needs and 
aspiration of any given society. It therefore, embraces meaningful experience provided and 
directed by individual institutions to achieve pre-determined goals.  
 Mathematics curriculum implementation is the instructional phase in the curriculum 
process, which has to do with the act of translating the curriculum document into the 
operating act which involves the joint effort of the students, teachers, and other people 
concerned. The implementation stage is more important in mathematics than in any other 
subject because it involves the active effort of the teacher in bringing the learner on a face-to-
face encounter with all the adequate learning facilities. Mathematics curriculum is a set of 
mathematical topic or content to be taught within a period of time to attain specified goals 
with recommended material. The implemented curriculum is what is taught and the attained 
curriculum is what an individual students acquired which might be different from the 
implemented or intended curriculum (Odili 2006). 
Statement of Problem 
 The Nigeria Educational Research and Development Council (NERDC) develop 
curricula for all level of education since its inception in 1969. NERDC in line with the reform 
in education has reviewed the existing secondary school curriculum to meet the technological 
development. It has been observed that mathematics remains the most difficult subject to so 
many students. There are still persistent reports of mass failure rate in mathematics at both 
junior and senior secondary level as in examination conducted by testing bodies in Nigeria 
such as West African Examination Council (WAEC) and National Examination Council 
NECO etc. 
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 The students’ performance in mathematics is low because mathematics students are 
not acquiring the skills and understanding they needed to participate effectively in the culture, 
economic, political and scientific environment later in future (Akinsola 2002, Okurumeh 
2003). The reasons for lack of acquisition of these skills are many which include poor 
implementation of mathematics curriculum (Kolawole 2006). The reason according to him is 
that teachers are not carried along at the preparation level. 
 The paper examines the perception of junior secondary school mathematics teachers 
on mathematics implementation in Nsukka Education zone of Enugu state Nigeria for 
sustainable development.  
Purpose of the study 
 The main purpose of the study was to achieve the effective implementation of junior 
secondary school mathematics curriculum.  

1. To determine the perception of mathematics teachers on the suitability of JSS 
mathematics curriculum 

2. To outline measures that would help to update mathematics teachers for proper 
implementation.  

3. To determine whether teachers of mathematics implement JSS mathematics 
curriculum adequately  

4. To determine problem affecting the implementation of JSS mathematics curriculum.  
Research Questions 
 The following research questions are designed to guide the study 

1. What is the perception of mathematics teachers on suitability of junior secondary 
school mathematics curriculum? 

2. To what extent do teachers of mathematics implement the mathematics curriculum? 
3. To what extent do mathematics teacher need training to update them for proper 

implementation of mathematics curriculum in Junior Secondary School. 
4. What are the problems hindering the effective implementation of mathematics 

curriculum in Junior Secondary School.  
Research method  
 The researcher adopted a descriptive survey design. The design was suitable because 
a survey reveals current conditions and also shows the need for improvement. The study 
carried out in Nsukka education zone of Enugu state, Nigeria. The instrument used for data 
collection was the questionnaire.  
Population of the study 
 The population of the study was all the public secondary school in Nsukka education 
zone of Enugu state. Nsukka zone has fifty nine public secondary schools. 
Sampling  
 The schools were grouped into two strata urban and rural school. Five schools each 
was randomly selected from each strata. A total of ten schools were selected and all JSS 
mathematics teachers in the selected school were used for the study. There are twenty five 
JSS mathematics teachers in the selected schools. 
 
 
Instrument for data collection  
 The instrument for data collection was a questionnaire designed to elicit responses 
from mathematics teachers in junior secondary school of the sampled school. 
Validity and Reliability of Instrument  
 The instrument was face and content validated by a chief lecturer in Department of 
mathematics federal college of education Eha-Amufu and a measurement and Evaluation 
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expert in the school of Education in the same school. A pilot study was carried out in another 
Education zone for reliability. The overall reliability coefficient for the instrument was 0.75. 
Procedure for Data Collection 
 The data for the study was collected by the researcher and two research assistants who 
were trained on the procedure for data collection. The instrument for data collection was the 
questionnaire. The instrument was administered by the researcher and the research assistant. 
The physical administration of the questionnaire is to ensure high return rate of the 
questionnaire after they have responded to it.  
Method of Data Analysis  
 The researcher used descriptive statistics to analysis data collected. The data was 
analysis using mean and standard deviation.  
 
 
Result  
Research Question 1: What are the perceptions of mathematics teachers on suitability of 
junior secondary school mathematics curriculum?   
Table 1: Mean and standard Deviation of the perception of mathematics teachers on 
suitability of JSS mathematics curriculum.  
S/N ITEM SA A D SD  SD 
1 The objectives of JSS Mathematics 

curriculum are clearly stated. 
6 12 4 3 3.0 0.94 

2 The objectives of JSS Mathematics 
curriculum are related to the three domain. 

10 7 5 3 2.96 1.04 

3 The content of JSS Mathematics 
curriculum are properly organized. 

7 12 4 2 2.96 0.78 

4 The objectives of JSS Mathematics 
curriculum are achieved. 

3 5 10 7 2.16 0.97 

 
Table 1 shows that item 1, 2 and 3 has a mean greater than 2.5. These show that the 
objectives of junior secondary school mathematics curriculum are clearly stated, related to 
the three domains and properly organized. While item four has a mean less than 2.5. These 
show that the objectives for junior secondary school curriculum are not effectively achieved.  
Research Question 2: How adequate do teachers of Mathematics implement the 
Mathematics curriculum. 
 Table 2: Mean and standard deviation of the respondent opinion on the implementation of 
Mathematics curriculum. 
S/N ITEM SA A D SD  SD 
1 JSS Mathematics curriculum is not 

available in schools. 
1 3 6 15 1.6 0.70 

2 Teachers make use of Mathematics 
curriculum 

12 8 3 2 3.2 0.69 

3 There are enough instructional material for 
the teaching of Mathematics

8 9 6 2 2.68 0.85 

4 There are enough periods in the time table 
for teaching and learning of mathematics  

7 9 6 3 2.8 0.77 

5 Mathematics teachers make use of 
mathematics laboratory in the schools 

 3 5 8 9 2.08 1.02 

 
Table 2 shows that item 2, 3, 4 have a mean greater than 2.50. This shows that teachers make 
use of Junior Secondary school mathematics curriculum, text books are available for 
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mathematics and there are enough periods in the item table for teaching of mathematics while 
Item 1 and 3 have a mean less than 2.50. These shows that JSS mathematics curriculum is 
available in school for teacher’s use and mathematics teacher are not making use of 
mathematics laboratory  
Research Question 3: Do mathematics teachers need training to update them for proper 
implementation of mathematics curriculum is secondary school.  
Table 3: Mean and standard deviation of the respondent on the need to update JSS 
Mathematics teachers for property implementation of the curriculum. 
 
S/N 

ITEM SA A D SD  SD 

1 Teachers need in-service training for 
proper implementation of the JSS 
mathematics curriculum. 

12 8 3 2 3.20 0.79 

2 Teachers need to attend seminars for 
effective implementation of JSS 
curriculum. 

10 11 3 1 3.2 0.80 

3 Teachers need to attend conferences to get 
abreast with new ways of implementing the 
curriculum 

8 12 3 2 2.72 0.49 

4 Teachers know how to use all the 
instructional material available for teaching 
mathematics 

2 45 10 9 2.29 0.97 

5 Teachers master the content area they teach 8 9 5 3 3.00 0.82 
6 Inadequate motivation of teachers.  15 7 2 1 3.45  
 
Table 3 shows that item 1, 2, 3, 5, and 6 have means greater than 2.5. These show that 
teachers need in-service training. They also master the content area they teach but are not 
adequately motivated. Item 3 has a mean less than 2.5 which shows that teachers does not 
know how to use all the instructional materials available for teaching and learning 
mathematics.  
 
Research Question 4: What are the problems hindering effective implantation of JSS 
curriculum  
Table 4: Mean and standard deviation of the respondent opinion on the problems hindering 
effective implementation. 
 
 
S/N 

ITEM SA A D SD  SD 

1 Inadequate mathematics text book 4 5 10 6 2.28 0.78 
2 Inadequate instruction material 7 11 2 5 2.8 0.64 
3 Teacher are not competent enough to teach 

JSS mathematics  
3 5 8 9 2.08 0.91 

4 Inadequate motivation of mathematics 
teachers  

12 9 3 1 3.28 0.83 

5 Teachers are not involve in curriculum 
planning 

10 8 5 2 3.04 0.79 

6 Teachers are not trained in computer based 
instruction for mathematics  

9 8 5 10 2.92 0.66 

7 Teachers students ratio in class is above 45 8 9 9 11 2.56 0.97 
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Table 4 shows that item 2, 4, 5, 6 and 7 has a mean greater than 2.50. This indicates that 
inadequate instructional material, inadequate motivation of mathematics teachers hinders 
effective implementation of JSS curriculum. It also show that teachers are not involve in 
curriculum planning, not trained in computer based instruction and that teacher students ratio 
in class in above 45. Item 1 and 3 has a mean lower than 2.5 which indicates that inadequate 
text books and competent enough to teach JSS mathematics.  
Discussion of findings 
 The finding shows that the objective of junior secondary mathematics are clearly 
stated, organized and related to the three domains but the objective are not effectively 
achieved. It is also observed that there are textbooks, enough periods in the time table, and 
teachers master the content area they teach. It reveals that all these are not problem to the 
effective implementation of JSS mathematics curriculum. 
 The non achievements of the objectives are as result of some implementation 
problem. These include non availability of instructional materials and when available 
teachers do not know how to use it for teaching and learning of mathematics. Teachers are 
not motivated and not part of the curriculum planning.  
Recommendation  
 The following recommendations are made  
1. Teachers should be sponsored for in-service training conference and seminar to 

update their knowledge. 
2. Teachers should be provided with instructional materials and mathematics 

laboratories where some of their instructions material can be improved.  
3. Teacher of mathematics should be carried along during the curriculum planning. 
4. The school authorities and teachers should organize and form mathematics clubs in 

school where students should participate actively and their potentials discovered and 
developed.  

5. Teachers should be adequately remunerated and their salaries increase to encourage 
them so that best brain will remain in teaching profession.  

 
Conclusion  
 The problems of implementation of JSS curriculum are enormous. For a good 
curriculum to yield an appreciative result Kolawole (2006) opined that it is important to 
monitor the effectiveness of the implementation.  
 The study reveals that most teachers have a good perception of junior secondary 
school mathematics curriculum. From the findings, the curriculum are clearly stated, 
organized and related to the three domains but not achievable because of some 
implementation problems which ranges from non-availability of instructional material, 
teachers not motivated and not carried along in the planning process.  
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ABSTRACT—The ElectroCardioGram (ECG) signal is a graphical representation of 
the human heart activity. The acquired ECG signal is interfered with different 
artefacts. Power Line Interference (PLI) is the main source of noise to affect the ECG 
signal. An Adaptive filter is a primary method to remove the PLI from ECG signal. 
Adaptive filtering techniques like Least Mean Square (LMS), Normalized Least Mean 
Square (NLMS) and Error Nonlinearity Least Mean Square (ENLMS) are used to 
remove the noise from ECG signal. The three algorithms are developed in MATLAB® 
and also the performance the three algorithms are analyzed. Among the three 
algorithms, ENLMS algorithm effectively removes the PLI from ECG signals and gives 
better results compared to LMS and NLMS. 

Keywords—ElectroCardioGram, Power line Interface, Least Mean Square, SNR.  

I. INTRODUCTION 

The ElectroCardioGram (ECG) is the recording of heart activity by measuring the signals 
from electrode contacts placed on the skin of the patient. The diagnosis of the patients is 
analyzed with the use of ECG signal. In general, the ECG signals are interfered by different 
artefacts like motion artefacts, muscle contraction, electrode contact noise, base line drift and 
Power Line Interface (PLI) [1]. These noise sources may affect the ST segment and reduces 
the signal quality and frequency resolution. Removing of these artefacts from ECG signals is 
an important assignment for superior analysis. The frequency range of ECG signal is 0.05 to 
100Hz, so the PLI is easily interfered with ECG signal. So, it is very hard to remove the PLI 
from ECG signal.  
Many researchers have proposed various methods to remove the artefacts interfered with 

ECG signals. In most of the literature, researchers have proposed digital filter based 
techniques to remove the artefacts from ECG signals. Kaur and Singh [2] presented a 
combination method to decrease PLI in ECG. This method is proposed based on IIR notch 
filter using moving average algorithm. The results showed the removal of PLI from ECG 
signal and are achieved using fewer filter coefficients. This method requires lesser 
computation time for real time processing. 
J Mateo et.al [3] presented the cancellation of PLI from ECG signal based on Artificial 

Neural Network (ANN). The cancellation of PLI is achieved using ADAptive LINear 
Element (ADALINE) type Neural Network (NN). The Widrow Hoff Delta algorithm is used 
in development of ADALINE. This ANN method gains the enhanced Interference Ratio 
Signal (SIR) and Correlation Correction Coefficient (CCC) as compared with Notch Filter 
(NF) and Notch Adaptive filter (NAF). 
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In [4], the design of digital filters for removing noise from ECG signal is presented. The 
proposed method used 711B add-on to access ECG signal from twelve Lead ECG System. 
These digital filters are designed based on LMS method and are designed with the use of high 
pass and notch filters. Mihov G Dotsinsky et al [5] proposed the subtraction procedure for 
PLI removal in ECG signal. Initially, the procedure was developed for multiplicity between 
the sampling rate and the interference frequency. The performance of the subtraction 
procedure is also extended to all possible cases of sampling rate and interference frequency 
variation. The work was implemented in a MATLAB.  
Sornmo [6] presented the time-varying filtering techniques to the problem of baseline 

correction. This correction was achieved by controlling the cut-off frequency of a linear filter 
with low-frequency properties of the ECG signal. The time varying filter was implemented as 
a bank of linear phase filters with different cut-off frequencies. The author used the sampling 
rate decimation and interpolation method to make the filters more efficient. The performance 
of the technique is improved when time varying filtering at low heart rates with excessive 
baseline wander is used.  
From the above literature, it is concluded that the removal of noise from biological signals is 

performed by designing digital filter techniques with fixed filter coefficients. The noise in 
biological signal is non stationary and digital filters not able to remove the noise efficiently. 
The filter coefficients of adaptive filters are changed according to the signals and these 
techniques are suitable for removing non stationary signal from biological signals.  
Nitish V.Thakor and Y.S. Zhu [7] described LMS based adaptive recurrent filter structure to 

acquire the impulse response of the QRS complex of ECG signal. These signals are applied to 
ECG recording instrument to detect the arrhythmia in ECG signal. Based on gradient 
estimation, the LMS algorithm weight vectors are updated for every sample. These weight 
vectors are biased and are not move towards the wiener solution. This drawback is eliminated 
using Block LMS (BLMS) algorithm [8]. The weight vectors of block LMS algorithm are 
updated for every block of samples but the cogence speed of BLMS is same as LMS. 
Hong Wanl, et. al [9] described the LMS adaptive filtering algorithm for elimination of 50 

Hz PLI from ECG. A new variable step size LMS adaptive filtering algorithm is used to 
eliminate 50 Hz PLI and also provides faster convergence rate and smaller Mean Square 
Error (MSE). This algorithm shows efficient results as compared with traditional LMS 
algorithm and other improved LMS algorithms. 
Yogesh Sharma, et. al [10] presented periodic noise suppression from ECG signal using 

novel adaptive filtering techniques. The performance of adaptive filter is better to remove 
various noises from ECG signal and presented significant SNR and MSE results. 
D.C.Dhubkarya, et. al [11] presented the improved version of LMS algorithm known as 
Normalized Least Mean Square Algorithm (NLMS). NLMS is suitable for stationary and non 
stationary signals. Antonio, et. al [12] proposed ECG denoising using LMS Adaptive Filter. 
Md. Zia Ur Rahman, et. al [13] proposed computationally simplified Adaptive Filtering 
Techniques for noise cancellation in ECG signals. The authors proposed several signed LMS 
based adaptive filters to cancel noise from the ECG signals. These algorithms are applied on 
real ECG signals obtained from the MIT-BIH data base. The performance of the developed 
algorithms is compared with conventional LMS algorithms and concluded that the 
performance of the signed regressor LMS algorithm is better than conventional LMS 
algorithm. 
According to the above literature, one can conclude that the performance of NLMS 

algorithm is better compared with LMS algorithm to remove the noise from ECG signals, but 
the computational complexity of NLMS is higher than LMS. This computational complexity 
is reduced, if the variable step size inversely proportional to the square norm of the error 
vector and this method is known as Error Nonlinearity LMS (ENLMS). 
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This paper presents the mathematical analysis of LMS, NLMS and ENLMS adaptive filter 
structures and their performances to remove the PLI from ECG signal. This paper was 
organised into three sections. Section II describes the mathematical analysis of proposed 
adaptive LMS, NLMS and ENLMS algorithms. The performance of the three adaptive 
structures is analyzed in MATLAB® through simulation and is provided in section III. Finally 
conclusions are drawn in section IV. 
II Proposed Method 

The basic block diagram of LMS based adaptive filter is shown in Fig 1. The original ECG 
signal, x(n) and power line signal, N(n) are generated in MATLAB®.  
 
 
 
 
 
 
 
 

 

 

Fig 1: Basic Principle of Adaptive filter 

The power line interfered signal, d(n) is the combination of original ECG signal and power 
line signal, N(n). The power line signal is to be removed from d(n) to recover ECG signal. To 
reconstruct the ECG signal from PLI interfered signal, three adaptive algorithms namely 
LMS, NLMS and ENLMS are used. The performance of these three algorithms is also 
verified. It is difficult to estimate the ECG signal from PLI interfered ECG signal, d(n) 
because of their harmonics. The original ECG signal can be recovered by subtracting the 
power line signal from the PLI interfered ECG signal, if the values of the power line signal is 
known. Adaptive algorithms are used to estimate the values of power line signal. This 
estimated power line signal, N’(n) is calculated through three adaptive filter algorithms  and 
measurable noise source S(N) is linearly correlated with the noise signal N(n). After 
estimation of power line noise signal, N’(n), the ECG signal is recovered by subtracting the 
estimated noise N’(n) from mixed signal d(n). The reconstructed ECG signal is X’(n).  
The concepts of design of adaptive algorithm is as: consider S(n) as an input sequence to the 

adaptive filter algorithm and the weights of the adaptive filter, w(n) are update as 
)()(2)()1( nenSnwnw  . The parameter µ is step-size, w(n) is transpose of tap weight vector 

at the nth index,  reference input sequence S(n) is [S(n) S(n-1) …. S(n-L+1)], and error signal 
e(n) is the subtraction of N’(n) from d(n). The output of the adaptive filter, y(n) is specified 
as, )()()( nSnwny T . Because of the main drawback of the LMS algorithm, it is very difficult 
to choose a learning rate of µ that guarantees stability of the algorithm.  
NLMS is another category of adaptive algorithms. This algorithm solves the problems of 

LMS algorithm by normalizing with the power of the input. This algorithm takes into account 
the variation in the signal level at the filter output and selecting normalized step size 
parameter that results in a stable as well as fast converging. The weight updating equation for 
NLMS algorithms is: 
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The variable step can be written as  

– 
y(n)=N’(n) S(n) 

e(n)=X’(n) d(n)=X(n)+N(n) + 

Adaptive Algorithm 

∑ 

Digital Filter 
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 The variable step size of NLMS algorithm is inversely proportional to the input data vector. 
ENLMS is slight modification of the NLMS algorithm, in which the variable step size is 
inversely proportional to the error vector rather than the input data vector of an NLMS. This 
algorithm improves signal level with less distortion as compared to LMS. The weight update 
relation of ENLMS is given as 
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 The variable step size of ENLMS is  
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 The step size value is too large and the parameter ρ is used to avoid divide by near zero 
condition and this value is greater than zero. 
The validity of the three adaptive algorithms are evaluated based on the reconstructed signal, 
X’(n). The performance of LMS, NLMS and ENLMS algorithms is evaluated on the basis of 
signal power, Signal to Noise Ratio (SNR), Percent Root mean square Difference (PRD) and 
Error Standard Deviation (ESD). 

III. Results and Discussion 

      The ECG signal was generated by using MATLAB and with a sampling frequency of 
500Hz for each beat with amplitude of 1mv.The 50Hz power line interface is also generated 
with a sampling frequency of 2000Hz. The reference signal can be applied to the different 
adaptive algorithms like LMS, NLMS and ENLMS. The reconstructed signal for different 
adaptive algorithm as shown in fig. 2(a) to fig.2(c) 

 

Fig.2 a) Removing of PLI from ECG using Adaptive LMS algorithm for µ=0.008 and filter 
tap=32. 

143

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



 

 
 

 
Fig.2 b) Removing of PLI from ECG using Adaptive NLMS algorithm for µ=1 and 

offset=100. 

 
Fig.2 c) Removing of PLI from ECG using Adaptive ENLMS algorithm for µ=1 and 

offset=116. 
 
The amplitude of the reconstructed signal high, then there will be high distortion. if it is low 

then there will be low distortion. In LMS algorithm, when choosing step-size parameter (µ) 
value as 0.005, the amplitude of the error signal is less than the original signal ECG and SNR, 
PRD values are low but the reconstructed signal having low distortion .When step size value 
choosing that as 0.008,the signal power and Signal to Noise Ratios are high when compared 
to µ value equal to 0.005 but Percentage of Root Mean Square Difference (PRD) value is 
high. In NLMS algorithm, when choosing offset value 100 with step size value is 1 then, the 
amplitude of the error signal is less than the original signal and also increase the signal power 
as well SNR but high PRD. 
The performance analysis of the various adaptive filters Algorithms are given in Table 1. 
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Table 1: Performance parameter values for different adaptive filter algorithms 

 

Adaptive filter 
Reconstructed signal 

Power (dB) 
   SNR 
(dB) 

PRD ESD 

LMS -16.091 -10.818 1.546 0.197207 
NLMS -16.085 -10.813 1.551 0.197217 
ENLMS -16.083 -10.810 1.553 0.197226 

   
We can see the above performance table, An ENLMS adaptive filter provides high SNR and 

high signal power which compare to LMS and NLMS adaptive algorithms. The %PRD is the 
moderate level of 1.553 for ENLMS. 
 
IV. Conclusion 
 
The result shows that the ENLMS is better than the other adaptive filter algorithms like LMS 
and NLMS.  The signal to noise ratio and signal power is lower than that of ENLMS. The 
ENLMS is the slight modification in weight update formula and thus press on the speed of 
over other LMS    realization. Therefore an ENLMS based adaptive filter method may be 
used in real applications. 
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                                                       ABSTRACT  
The study was conducted to evaluate the growth performance and nutrients utilization 
using 20 entire males of Sahelian goats fed Rumen content (fore-stomach digesta) and 
poultry litter waste (PLW) at various levels of inclusion. The experimental animals 
were randomly allocated to diet A(Control), B(10% each of FSD and PLW), C( 
6.67%PLW and 13.33 FSD) and D(13.33% PLW and 6.67% FDS) at the rate of five  
animals per treatment. After 90 days of feeding trial, It was observed that Diets D had 
best feed intake and body weight gain which might be due to good palatability of 
PLW and less odour of FSD in the diet. Diet C had the least feed cost then followed 
by  diet B and while diet A(control) was more expensive than other treatments. There 
was significant difference (P<0.05) between the treatments in cost of daily feed 
consumption. Treatment A had the highest value while treatment C recorded the 
lowest cost of daily feed consumption. There was no significant difference (P>0.05) 
between all treatments in terms of Cost of feed kg/ live weight gain, where treatment 
B had the highest value while the lowest obtained in  treatment D. However, it is 
recommended that more research trial should be carried out to ascertain the true value 
of incooporating poultry litter waste and Fore-stomach digesta.  
 
 
INTRODUCTION 
The tremendous cost increase of feed ingredients, especially the protein sources 
makes it difficult for farmers to meet up the nutrient requirement of the animals.This 
is obviously a matter of concern because of the fact that feeds account for about 60-
80% of the recurrent expenditure of ruminant production (Onifade,1993). 
Astronomical increase in population of Nigeria (140,431,790million) (NPC, 2006) is 
not backed by a commensurate increase in the production of grains and other crops 
that are also consumed by man. Therefore, feeding problems constitute the largest 
problem of ruminant production in Nigeria. In order to reduce the cost of 
production and maximize profit for improved livestock performance enterprise it is 
important to consider the use of alternative feed ingredients.  
 
 
 
Materials and Methods 

Feeding trial was conducted at Polycon Teaching and Research Farm, Federal 
Polytechnic Bauchi,Nigeria. Twenty entire male goats of Sahelian breed were 
purchased from  Dambam and surrounding villages. The animals were quarantined  
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for two weeks, vaccinated with PPR vaccine and given prophylactic treatment with 
Oxytetracycline Long acting and dewormer. Before the commencement of the feeding 
trial the animals were ear tagged and group fed intensively with cowpea hay and 
maize offal.   

Fresh Broiler litter wastes were collected from the poultry farm of the Federal 
Polytechnic, Bauchi. The wastes were dried, milled and packed in sacks and stored for 
the experiment. Fore-stomach digesta was collected from Bauchi metropolitan 
abattoir immediately after slaughter and  dried.  
 Four diets were formulated using Fore-Stomach Digesta (FSD) and Poultry 
Litter Waste (PLW). The treatments used were A the (control) without FSD and 
PLW, B (10 % FSD and 10% PLW), C (6.67 % PLW and 13.33 % FSD) and diet D 
(13.33 % PLW and 6.67 % FSD). 
       The experimental animals were divided into four treatment groups of five animals 
per treatment, but kept in individual pen. Each treatment allocated one diet, but water 
and salt lick were given ad libitum through out the experimental period. During 
feeding trial period, daily feed consumption was monitored. The total faeces voided 
by each animal per day was collected and weighed.  
 Thoroughly mixed representative samples of each experimental diet, FSD, 
PLW and faeces were analyzed for proximate composition according to the procedure 
outlined by AOAC (1990).Animals were weighed individually before commencement 
of the experiment and at weekly interval between 8:00-9:00am. Feed intake was taken 
on daily basis by recording difference between the feed offered and the left over 
before offering feed the following day.  

 The data collected were subjected to statistical analysis of variance using 
General Linear Model in Statistical Analysis System (SAS, 1999-2002) where 
significant differences between means were indicated and were separated using Least 
Significance Difference (LSD) as outlined by Steel and Torrie (1980) 

 
 
 
Table 1. The gross composition of the experimental diets 
Ingredients (%)                                    Diets 

A B C D 
PLW - 10.0 6.7 13.3 
FSD - 10.0 13.3 6.7 
Maize 2.0 5.0 4.0 2.0 
G/nut hay 15.0 7.0 3.0 15.0 
CSC 32.0 29.0 26.0 29.0 
Wheat Offal 20.0 14.0 16.0 13.0 
Cowpea husk 4.0 3.0 4.0 9.0 
Rice milling waste 25.0 20.0 25.0 10.0 
Bone meal 1.0 1.0 1.0 1.0 
Salt 1.0 1.0 1.0 1.0 
TOTAL 100 100 100 100 
Calculated CP 17.6 17.5 16.5 18.2 
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Table 2.  Growth performance and feed intake of the experimental animals 

Parameter. Treatments LSD 
 A  B  C  D 

Initial body weight (kg)  9.4          9.6  9.8   9.8       1.4 
Final body weight (kg) 13.7  13.3  13.0  14.9  2.5 
Weight gain (kg)  4.3  3.7  3.3  5.0  2.5. 
Average daily (g/day)  51.2  44.3  38.8  60.5  29.9 
Average daily feed  544.0ab  488.0bc  436.0c  582.0a  61.0 
intake (g/day) 
Average dry matter  530.3ab  48.9bc  429.9c  571.8a  59.9 
intake (g/day) 
Dry matter intake as %  3.9  3.7  3.4  3.9  0.8 
body weight  

Means in the same row with different superscript are significantly different (P<0.05) 
 
 
 
Results and Discussion  
The table 1 showed that the weight gain was observed higher in treatment D (5.0 kg) 
that fed on feed that containe 13.33% PLW and 6.67  FSD then followed by treatment 
A  (4.3kg) and treatment C recorded the least weight gain of 3.3kg. The  average daily 
weight gain followed the same sequence as highest in D (60.5g/day) followed by  
treatment A (Control) with 51.2g/day  and treatment C recorded the lowest average 
weight  of 38.8g/ day.  In the case of average daily feed intake there was significant 
difference between the treatments (P< 0.05) were the highest intake  recorded in 
treatment  D (582.0 g/day) then followed by treatment A (544.0 g/day)  and  treatment 
C had the lowest  average daily feed intake of 436.0 g/day . Mean dry matter intake 
showed D and A with means weight gain of 571.82 and 530.13 g/day ,respectively 
were significantly higher (P<0.05) than other treatments. This was followed by 
treatment B with PLW and FSD at the ratio of 1:1. Treatment C (429.90g/day) was 
the lowest (P<0.05). 
 
 
 
 
Table 3: Cost of feeds and feed/kg live weight 
 
 
Parameter   Treatment    
 A B C D LSD  
Cost of 
feed 
(N/kg) 

25.8 22.5 21.4 22.8   

Cost of 
feed 
Consumed 

14.0a 11.0b 9.4 13.3 1.5  
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(N/day) 
Cost of 
feed/kg 
live 
weight 
gain 

293.9 343.7 288.1 237.4 161.9  

       
 
Economics of feeding the test diets is explained on table 3 . The cost of diet C (N12.4 
/kg) is cheaper than other treatments , then followed by diet B (N22.5/kg)  then diet A 
(Control) was the most expensive diet (N25.8/kg). The cost of feed consumed per day 
varied significantly (P<0.05)  between the treatments. Treatment C (N9.40/day) had 
the least cost of feed consumed per day the followed by treatment B (N11.00/day) . 
Treatment A (N14.00/day) had the most expensive value. The cost of feed/kg live 
weight gain showed no significant difference (P>0.05) between the treatments. 
However, the highest mean value was obtained in treatment B (N343.72/kg) the 
followed by treatment A (N293.9/kg) while treatment D had the lowest mean value of 
N237.4/kg live weight gain.   
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Smoothing income numbers in Indian FMCG Industry: An Investigative Case Study  

 
 
Abstract 
Income smoothing by the corporate is one of the most researched areas in the last decade in view of the 
growing awareness about corporate governance worldwide. India is no exception to it. The present paper 
investigates the level of income smoothing practices in corporate enterprises in consumer sector in India 
on account of volatility of income pattern of the sector. It aims at identifying the factors associated with 
the incidence of income smoothing in these companies. Most of the earlier studies have used broad based 
accrual measures to detect income smoothing. The contribution of the paper lies in examining the effect 
of income smoothing by testing accruals management using quality parameters of earnings and revenue. 
Income smoothing is measured on four parameters: discretionary accruals, quality of earnings, quality of 
revenue and volatility of earnings. DeAngelo Model is specifically used here for computing discretionary 
accruals on account of its rationality. The results show that there is a definite presence of income 
smoothing in the sample companies with varying degree which is a major concern for shareholders 
wealth in the long run. It is hoped that the study improves investors’ perception of the reliability of a 
firm’s performance, as evident in their income smoothing practices. 
 

Keywords: Income smoothing, discretionary accruals, quality of earnings, quality of revenue, volatility of 
operating income, consumer sector 
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INTRODUCTION 

 

Income smoothing 

Income smoothing is a deliberate act done by managers to hide fluctuations of income stream. Ronen and 
Sadan (1981, 2) define income smoothing as “a deliberate attempt by management to signal information 
to financial users”. In other words, management is inclined to take actions to increase earnings when 
earnings are relatively low and to decrease earnings when earnings are relatively high. This practice of 
income smoothing is carried out with the help of accrual accounting. (Goel, 2012) study evaluates the 
implications of discretionary accruals in the Indian corporate enterprises. His analysis indicates the 
presence of accrual management in the units.  

Income smoothing is assumed to take place through accounting choices. Manipulating accounting 
statistics may mislead the users of financial statements in their decisions. Bernea, Ronen and Sadan 
(1976) consider income smoothing as one of the common approaches of creative accounting in which 
fluctuations are deliberately manipulated and adjusted about some levels of earnings that is normal for the 
firm. Beidleman (1973) stated that companies use incentive compensation, pension and retirement 
expenses, research and development costs, sales and advertising expenses to smooth their income. Ronen 
and Sadan (1981) argued that managers engage in the income smoothing practices to dampen fluctuations 
in reported net income and to enhance investors' ability to predict future cash flows. Zhemin and 
Williams (1994) came up with a similar notion where they strongly believed that income smoothing 
enhances the informational value of earnings. 
 
 
Income smoothing is also done to artificially increase the value of the firms and derive other benefits. 
Trueman and Titman (1988) put forth the proposition that income smoothing would lower the cost of 
debt and the possibility of bankruptcy. As a result, the firm’s market value would increase. The idea was 
then extended by Beattie et al. (1994), who proposed that smoother income lessens the probability of 
financial ratio covenants and "hence reduces the expected cost of default and renegotiation." 
 
 
Whatsoever said, income smoothing is not a healthy practice for the corporate world. This becomes more 
relevant in a sector like FMCG in India. Indian FMCG sector stands for ‘Indian Fast Moving Consumer 
Goods sector.’  Fast moving consumer goods are popularly named as consumer packaged goods which 
include all consumables (other than groceries/pulses) like toilet soaps, detergents, shampoos, toothpaste, 
shaving products, shoe polish, packaged foodstuff, and household accessories.  
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FMCG sector is the fast changing sector globally and therefore there is an increasing pressure on the 
management to maintain the income stream in all conditions. India is no exception to it. Indian FMCG 
sector has not been really explored for income smoothing practices by the corporate. That is the 
motivation for the present work. In this study, we analyze the income smoothing behaviour of Indian 
corporate in fmcg sector with the helps of discretionary choices. We extend by testing it on quality 
parameters of earnings and revenue and their volatility.  
 
 
The Indian FMCG sector is the fourth largest sector in the economy with an estimated size of Rs.1,300 
billion. The sector has shown an average annual growth of about 11% per annum over the last decade. 
Unlike the developed markets, which are prominently dominated by few large players, India’s FMCG 
market is highly fragmented and a considerable part of the market comprises of unorganized players 
selling unbranded and unpackaged products. There are approximately 12-13 million retail stores in India.  
 
 
India FMCG sectors’ significant characteristics can be listed as strong MNC presence, well established 
distribution network, intense competition between the organised and unorganised players and low 
operational cost. Easy availability of important raw materials, cheaper labor costs and presence across the 
entire value chain gives India a competitive advantage.  
 
 
Literature Review 
 
Researchers put forth different ideas and definitions of income smoothing. Income smoothing has been a 
topic of interest among many researchers for decades especially after 1970. Eckel (1981) revisited the 
previous researches on income smoothing and suggested an alternative conceptual framework to discern 
income smoothing manner. He criticized most of the researches for using one accounting variable to 
determine income smoothing. He suggested that firms with a smooth income use the joint effect of 
accounting variables so as to minimize income variables to the least. Moses (1987) demonstrated that 
accounting changes are considered as income smoothing devices. He indicated that accounting changes 
can be used to minimize income fluctuation instead of maximizing or minimizing reported income. Healy 
(1985) provides evidence that income smoothing makes it easier for managers to meet the bonus targets. 
DeFond and Park (1997) find that controlling shareholders may have a similar interest to understate the 
volatility of income in order to derive their private control benefits. 
 
 
Yet other explanations for income smoothing have been related to accounting numbers-based 
management compensation contracts (e.g., Lambert, 1984; Trueman and Titman, 1988). Political costs 
are also considered to be an important motivation for income smoothing (Cahan, 1992; Godfrey and 
Jones, 1999; Watts and Zimmerman, 1986; Wong, 1988).The study of Hunt et al. (2000) investigates 
whether earnings smoothing through discretionary accruals improves or deteriorates the informativeness 
of earnings. The findings suggest that both discretionary and nondiscretionary accrual accounting 
practices increase the informativeness of earnings. 
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The study of Tucker and Zarowin (2006) is more recent, and the approach used is closely related to 
Zarowin (2002). The authors believe that a firm has certain information about future earnings when 
current earnings are realized, because of the continuous business cycle. Then the reporting behaviour and 
the stock price reveal this information. The research of Tucker and Zarowin (2006) provides evidence of 
more informative stock prices when firms smooth income. A study defining earnings management as 
managers’ opportunistic behaviour and thus misleading is the research of Leuz et al. (2003, 506). 
Managers have the incentive to conceal true firm performance. 
 

Chong (2006) suggests three main reasons why managers choose to smooth their earnings: first, to reach 
the benchmark level that has been established in the stock market, usually by analysts' forecasts. Second, 
to meet their own performance target, and third to avoid violations of debt contracts. However, a 
contemporary inquiry asks whether income smoothing behaviour is conducted by all firms? In the 
financial literature (Fama et al., 1992; Little, 2006), firms are divided into two types: it is usual to define 
firms with high earnings yield or low market to book value as ‘value firms’, and those with low yield and 
high market to book value as ‘growth firms’. 
 
 
Bens et al. (2008) contend that income smoothing interferes with the accounting accruals of firms by 
reducing the ability of accounting to reflect the economic reality of a business and by increasing 
informational asymmetry in the capital market. These authors found that income smoothing also 
interferes with the perception of agents with regard to economic losses, which should vary based on the 
degree of conservatism. 
 
 
Fakhari and Taghavi (2010) examined the effect of the quality of financial reporting according to the 
quality of discretionary accruals on the amount of cash in Iranian companies. The evidence of analysis 
based on the combined cross-sectional data and time series data indicates that the quality of financial 
reporting has a negative and significant relationship with the cash and cash equivalents. The results also 
indicate that the growth opportunities variables, cash flow and cash assets have a positive effect on cash 
holding, and the variables of size, debt maturity and the opportunity cost have a negative relationship 
with cash holding.  
 
 
Sun et al. (2011) showed that poor earnings quality has a negative impact on the value of corporate cash 
holdings and a positive impact on the level of cash reserves. They found that the negative effect of poor 
earnings quality either neutralizes or more than offsets the positive effect of excess cash on firm value.  
 

The majority of papers use aggregate unexpected accruals (using the Jones, 1991) model, or a similar 
procedure to estimate expected accruals, compare those with actual accruals and use the difference as a 
proxy for earnings management). 

 

Contribution of the Study 

These prior review articles focused mainly on international arena. One implication of the above review 
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is that the income smoothing area is potential ground for academic research in Indian perspective, 
particularly in consumer sector which is the rapidly changing sector worldwide. Second, most of 
these studies have analysed income smoothing with the help of accounting choices, in the form of 
accruals, exercised by the management.   
 
 
The present study contributes by examining the effect of income smoothing in Indian FMCG sector 
which has been untouched so far. It will provide the regulators and policy makers an opportunity to have 
a fresh insight into the regulation for stopping these parcatices. Further, it contributes by testing income 
smoothing in Indian fmcg corporate with the help of quality parameters of earnings and revenue.  
 
 
It analyses the effect of accrual indicators in the Indian fmcg corporate for income smoothing in totality. 
So, the present study is a humble attempt to fill the above gaps. 
 

 

 

CONTENT 

Objective of the Study 

The study specifically aims at the following:  

 To examine the magnitude of discretionary accruals in regard to potential income smoothing. 

 To explore income smoothing practices further among the units on the basis of quality of earnings 
and quality of revenue. 

 To analyse income smoothing by testing the volatility factor of operating income. 

 To highlight the major areas of concern in income smoothing in these undertakings for their future 
viability. 

 

Research Design and Methodology of the Study 
Every research is based on its strong structure and methodology adopted for the study. The research 
methodology used in the present study is discussed below.  
 
 

The Sample design of the present study consists of the companies in the consumer sector India. The 
enterprises have been chosen among top 20 FMCG Companies in India on convenience basis regarding 
data availability. So, the study is ‘case based’ analysis. The 5 chosen companies are: Hindustan 
Unilever Ltd., Dabur India Ltd., Britannia Industries Ltd., Colgate Palmolive Ltd. and Godrej Consumer 
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Products Ltd1. The Time period covered in the present research study is of nine years, ranging from 2001 
to 2009. It has been taken as nine year period is reasonably long enough to reveal the short-term and 
long-term changes and permit the valid conclusions thereof. Also, it covers both pre and post global 
recession implications. Therefore, the choice of the research period has not been a matter of an arbitrary 
decision. Data used for the present study is secondary in nature, keeping in view the nature of the study. 
The study employs both accounting and market data. The data has been taken from “prowess” 
database for the relevant analysis. Income smoothing detection tools have been employed in the present 
study. They are accounting model developed primarily for detecting the smoothing behaviour.  

‘De Angelo Accrual model’, devised specifically for detecting income smoothing, has been extensively 
used in the present study. The DeAngelo Model is considered here for computing discretionary accruals. 
It is computed as follows: 

 

DACit     = 

where,  
DACit is discretionary accruals for firm i in period t; 
TAit and Ait-1 are total accruals and total assets for period t and t-l for firm i.  
 

‘Quality of earnings model’ has been used for determining earnings manipulation. It can be found out by 
computing the percentage of operating cash flows to net income of a firm. Higher the quality of earnings, 
lower the chances of earnings manipulation. ‘Quality of sales model’ has also been used for earnings 
manipulation. It can be found out by computing the percentage of collection of sales in cash. Higher the 
quality, lesser the chances of earnings manipulation. ‘Volatility Score of operating income and sales’ has 
been computed to find out the business risk of the company. High volatility is undesirable and is not a 
good sign. It indicates instability in operations and chances of financial shenanigan. Here, it is calculated 
as: 

Volatility of a variable = Std Deviation (operating income/ Sales)/ Avg of operating income/ Sales 

 

Results and Discussion 

The income smoothing behaviour of the sample companies has been analysed using the tools as discussed 
above. 

1. Magnitude of discretionary accruals 

The magnitude of discretionary accruals and its impact is depicted in the table1 and figure1.  

                                                            

1 Jason, Sonia, wiki.answers.com http://www.businessnewsthisweek.com/2009/11. 

 

       (TAit  ‐ TAit‐1 ) 

          Ait‐1 
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Table 1 

Magnitude of Discretionary Accrual 

Company Mar-02 Mar-03 Mar-04 Mar-05 Mar-06 Mar-07 Mar-08 Mar-09
Britannia  15.13% -16.43% 2.63% -10.98% 16.60% -6.94% 11.16% -15.76%
Colgate-Palmolive  1.90% -7.84% 21.10% -6.30% -6.92% 7.86% -4.26% 2.49%
Dabur  0.54% -4.27% -1.01% 7.40% 10.81% 0.29% -2.86% 3.63%
Godrej  * 9.67% 2.60% 10.95% -10.89% 20.47% -6.78% 6.45%
Hindustan Unilever  5.74% -2.26% 5.34% -7.72% -6.21% 12.64% 0.14% 1.09%
 

* Data not available 

Figure 1 

Discretionary Accruals trend 

                    

It is evident from the accruals score in the above table and graph that among all the companies, Godrej 
has higher magnitude of discretionary accrual than others. Out of 8 years, 5 years it is in the positive 
region. For others, it is lower. Britannia though has shown MDA fewer times in positive region, but its 
magnitude is averaging larger. Dabur and HUL have the least magnitude. 

 

Lower the value is generally considered to be better as the amount of discretionary accrual has decreased 
and the company is trying not to record accruals which are dicey in nature. So, more or less every 
company is going for accruals management though it is lower in companies except Godrej. 
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2. Quality of Earnings 

The following table 2 and figure 2 show the quality of earnings of each company spanning over 9 years. 

Table 2 

Quality of Earning 

 

* Data not available 

 

Figure2 

Earning quality trend 

 

 

It can be seen that the quality of earnings has wavered much across the years for Britannia. It has varied 
from as low as 33% to 136%. But an increasing trend can be seen. For Colgate and Dabur, the quality of 
earnings is higher than Britannia but there has been a general decrease over the years, which is a bad sign. 
For Godrej, there is a gentle decreasing slope once again with the quality being as high as 170% in 2001 

Company Mar-01 Mar-02 Mar-03 Mar-04 Mar-05 Mar-06 Mar-07 Mar-08 Mar-09 
Britannia 46.34% 33.89% 88.58% 73.70% 130.885 44.32% 80.82% 33.06% 136.80% 
Colgate-

Palmolive 
183.07% 157.38

% 
198.24% 58.67% 91.27% 121.69% 87.37% 104.49% 97.45% 

Dabur 186.92% 197.83
% 

214.05% 203.13% 142.855 92.28% 93.30% 101.92% 90.38% 

Godrej * 183.92
% 

133.71% 120.94% 91.99% 112.55% 72.44% 96.25% 73.82% 

Hindustan 
Unilever 

93.83% 74.93% 85.81% 62.75% 95.33% 128.76% 76.78% 77.08% 79.34% 
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and is now about 75% in 2009. For HUL, it has remained fairly stable and has averaged at around 80% 
over the years. Among the five companies, Dabur has the highest average quality of earnings at 146%. 

 

 

3. Quality of Sales 

The table 3 and figure 3 show the quality of sales of each company spanning over 9 years. 

Table 3 

Quality of Sales 

Company  Mar-01 Mar-02 Mar-03 Mar-04 Mar-05 Mar-06 Mar-07 Mar-08 Mar-09
Britannia  100.39

% 
100.59

% 99.43%
100.50

%
100.83

% 98.01%
99.91% 

96.80% 98.29%
Colgate-

Palmolive 99.86% 99.22% 
104.37

%
100.20

%
101.11

%
100.16

%
98.47% 100.35

%
100.47

%
Dabur  

96.86% 
103.01

% 
105.21

%
107.76

% 99.05% 99.72%
97.95% 

98.87% 99.41%
Godrej  

 * 98.10% 
101.17

%
102.36

%
100.89

%
100.15

%
96.26% 

97.79% 95.70%
Hindustan 
Unilever  98.07% 97.93% 

100.47
% 99.46%

101.48
%

100.27
%

98.24% 
99.63% 99.05%

 

* Data not available 

Figure3 

Sales quality trend 
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In the above table and graph, it can be seen that Colgate has the highest quality of sales among the five 
companies and is above 100%. This means that more cash is being collected back from the customers at a 
faster rate compared to the sales that are generated. Godrej continues to under perform with lower quality 
of sales with a relatively low 95%. 

 

4. Volatility in Operating Income & Sales 

Volatility in operating income is discussed as given in table 4and figures 4and 5: 

 

Table 4 

Volatility of Sales & Operating Income 

Company  
Volatility of  

operating income 
Volatility of 

Sales 
Britannia  24.26% 33.14% 
Colgate-Palmolive  27.73% 21.15% 
Dabur India  24.04% 31.18% 
Godrej. 45.10% 30.57% 
Hindustan Unilever  25.61% 27.54% 

 

Figure 4 

Volatility trend of operating income 
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It can be clearly seen that Godrej has a more volatile operating income than the other 4 companies. It is at 
45% and almost double the figures of other companies. Dabur has it least at 24%. 

 

 

 

 

 

 

 

 

Figure 5 

Volatility trend of Sales 
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It can be clearly seen once again that Godrej has the maximum volatility in sales compared to other peer 
companies. The value of standard deviation is approximately 50% for Godrej. 

 

CONCLUSION 

From the foregoing analysis, it can be clearly seen that there are evidences of income smoothing 
behaviour in  almost all the sample companies, the difference is of the degree of the extent it is being 
practised.  Godrej consumer care Ltd has shown more inclination towards income smoothing than other 
companies in the same industry. Hindustan Unilever turns out to have least variation and volatility in 
earnings, sales and also other parameters. 

 
The differences in the degree of income smoothing among companies cannot be fully assigned to just one 
factor. It is rather a combination of factors, which affects the incentives for income smoothing. It can also 
be safely concluded that this smoothing practice affect shareholder wealth in the long run as it gets 
reflected in the share price over the years. Companies which have displayed integrity in financial 
statements have performed better both in business and stock prices as when compared to their 
counterparts with lesser integrity.   
 
 
Limitations and implications for future research 
 
The present study could be confined to only select corporate enterprises in the fmcg sector in India, 
leaving all other enterprises due to data non-availability.  Income smoothing scope can be further 
examined, apart from accruals and quality behaviour, for other motivational parameters in the light of 
growing investors’ awareness about reported numbers. So, the implication of these results is the 
smoothing behavior of a frrm is deemed 
indicative of a firm’s reported numbers to outsiders. 
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Teaching Shakespeare in Kuwait: Bringing Back the Dead 

 

Shahd Alshammari 

Kuwait 

Abstract 

Renaissance drama has always been part of the canon of English literature and a name 
such as Shakespeare is almost unquestionable on an undergraduate syllabus. We cannot have 
graduates of English literature without exposing them to the genius of Shakespeare. Is 
Shakespeare still relevant? This papers draws on my own pedagogical practices teaching Othello 
in an undergraduate institution in Kuwait. I am aim to draw parallels and similarities between 
West/East, rather than re-assert dichotomies of separation and exclusion.  
 

Keywords: Shakespeare, teaching, British literature, pedagogy  

 

 

“This is part of the beauty of all literature. You discover that your longings are universal 

longings, that you’re not lonely and isolated from anyone. You belong.” F. Scott Fitzgerald  

Introduction: 

 

When you teach literature, you must be aware of the cultural implications involved in 
addressing students with different backgrounds. You simply cannot transfer William 
Shakespeare’s work to a group of Kuwaiti and Arab students and expect them to feel as 
interested as students in a Western classroom. Literature breaks through boundaries and crosses 
national frontiers, but how transferable is British literature to a contemporary Kuwaiti 
classroom? Renaissance drama has always been part of the canon of English literature and a 
name like Shakespeare’s is almost unquestionable on an undergraduate syllabus. We cannot deny 
the prevalence of British literature in the construction of the English canon, although it is 
contested by Postcolonial critics and there tends to be a pedagogical move away from ‘English 
Literature’ and towards ‘literatures written in English’ or ‘World Literature.’ Yet we cannot have 
graduates of English literature without exposing them to the genius of Shakespeare and the 
provocativeness of his work. This paper addresses the issue of establishing commonalities 
between the students’ personal realities and the texts they are exposed to.  

I currently teach at an institution that caters to students from different socioeconomic 
backgrounds, those that are less privileged, so to speak. I do not wish to categorize or 
homogenize their experiences, but for the sake of statistics and qualitative date, many of my 
students come from tribal backgrounds. They are either Bedouin or Bidoon. The Bidoon Rights 
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Organization defines this category as Kuwait-born individuals who do not possess citizenship, 
and are also referred to as ‘stateless’ or more recently ‘illegal immigrants.’ In Kuwait, the 
Bidoon community suffers from a denial of access to public education, healthcare, employment, 
and other basic rights and services. As such, my students are part of the under-privileged 
community in their own country. They come to campus with personal burdens, personal stories 
of a lack of human rights, and the long dead Shakespeare is certainly not on their agenda of 
priorities.  
Body: 
 

To my students, education is not a given right, it is deemed to be a privilege. The State 
University, Kuwait University, only grants the Bidoon students 100 seats per year. As such, the 
majority is left searching for an alternative. They are deeply invested in being educated, in 
receiving a university degree. They are left struggling to financially support themselves and pay 
their tuition fees, while at the same time they must approach literary texts with a receptive mind. 
Being students of literature, they must be introduced to key literary concepts, canonical texts, 
and form a general understanding of literary periods. The Renaissance course I teach deals with 
sixteenth century British culture, history, and sociopolitical ideologies. In an over-packed 
semester, students must engage with the material and approach the difficult Shakespearean 
language. For Arab students, the English language is not easily accessible, and there is no 
question about the daunting language of the Renaissance. To address the complexities involved 
in teaching both language and content that is difficult to grasp, one has to first become 
acquainted with the culture – you cannot separate the culture from the classroom.  

As any teacher of literature, I started the semester feeling excited about teaching. But 
there is always a contradiction, a conflict between theory and the practice of teaching literature. 
When I first introduced Shakespeare’s Othello to them, I was met by blank faces. Every teacher 
of literature expects (perhaps naively) that students will react favorably to Shakespeare. There 
was an overwhelming silence in the classroom, and a general consensus that Shakespeare was 
overrated, boring, and too difficult. More significantly, the man is dead. Why should we read his 
works? Did the students really care whether Shakespeare was the epitome of English literary 
tradition? There was a huge cultural gap between Renaissance England and modern day Kuwait. 
It was a lot to ask of today’s students to relate to a time and culture that seemed so distant. Not 
only did I want my students to absorb the material, but I was also striving to instill an 
appreciation of the works.  

Elaine Showalter’s Teaching Literature acknowledges this deeply-rooted anxiety of 
teaching. She claims that “the most profound anxiety of teaching is our awareness that we are 
making it up as we go along…Tales of initiation have a common narrative structure – how 
novices stumble into their first classroom, do the best they can, and shape a teaching style that 
seems congenial for their own personalities and environments” (4). When I first “stumbled” into 
class, I wanted to sell Shakespeare’s Othello in a way that could make him more accessible to 
students. I informed my students that granted, Shakespearean language is dreary and difficult. 
How do we overcome the language barrier? We simply work through it, we keep going. I am 
primarily invested in the racial and gender politics of Othello.  

First, I am interested in finding parallels between East/West, rather than re-asserting 
dichotomies of separation and exclusion. My research has always been centered on the idea that 
“East is East and West is West, and the twain do meet.” Recent postcolonial scholarship has 
highlighted the importance of upholding difference, specifying different experiences of women 
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worldwide, and fearing homogenizing “women” or “Easterners.” Although this approach is 
critically crucial, and has liberated different women from falling under one category, it has 
neglected human commonalities and parallels in the human condition, if you will. There is a 
common humanity that we disregard. Literature is universal, and it is this universality that I 
attempt to underline and accentuate in my teaching.  In “Borders and Bridges” Ngugi Wa 
Thiong’o insists:  

It is only when we see real connections that we can meaningfully talk about differences, 
similarities, and identities. So the border, seen as a bridge, is founded on the recognition 
that no culture is an island unto itself. It has been influenced by other cultures and other 
histories with which it has come into contact (The Postcolonial Studies Reader 391).  
As a literature teacher, I am deeply committed to finding the humanitarian value in 

reading literature. When I assign texts, my intention is to find commonalities between the 
characters’ fictional lives and reality. Patrick Hogan’s The Mind and Its Stories: Narrative 
Universals and Human Emotion underpins this very idea of human commonality. He argues that 
“literature…is not produced by nations, periods, and so on. It is produced by people. And these 
people are incomparably more alike than not. They share ideas, perceptions, desires, 
aspirations…and emotions” (3). As such, even though Shakespeare’s work is colored with 
Englishness, the text still manages to speak to the readers on multiple levels. At first glance, 
these commonalities are not immediately obvious. Given that connections and parallels are 
important in establishing a bridge between different cultures, I aim to tackle the similarities 
between Othello and Desdemona’s fate and my students’. In Othello, the question of gender is 
perhaps not as obvious as the problematics of race and social intolerance. However, Othello 
remains infested with racial slurs and social discrimination.  
 To begin with the question of race, we address the issue of social hierarchy. Othello is a 
Moor, a black man, and a Muslim. Immediately, we are able to discern that he is an outsider, 
rejected from society and struggles to make a home for himself. Similarly to my Bidoon students, 
Othello finds himself on the margins of society. He belongs and does not belong, he is both an 
insider (having married Desdemona) and an outsider (racially). He has worked for the country, 
served in the army, and yet he remains “unhoused” (Shakespeare 210). Othello is at once at 
home in Venice and a stranger. This question of belonging is at the heart of the discussion in 
class. Because my students are born and raised in Kuwait, yet do not have legal status, they 
suffer from a complex relationship with identity. What does it mean to belong to a community? 
What kind of psychological repercussions are implicated in identifying as a member of a 
community that does not grant you equal rights or socio-political status? Othello’s tragic flaw is 
his insecurity, his uneasiness about rightfully belonging. Although Desdemona chooses to marry 
Othello, he remains unconfident about his place within her heart (similarly to his place within 
society). It is this lack of belonging that mitigates his jealousy and insecurity. After questioning 
her fidelity, Othello finally murders Desdemona. The couple’s tragic ending can be interpreted in 
endless ways. The discussion with my students is always fruitful. For the most part, they 
perceive Iago as the symbol for society’s backwardness, racism, and social intolerance. The 
annihilation of Othello is due to external factors (Iago’s manipulation, society’s injustice) rather 
than any mere action on Othello’s part.  

Othello and Desdemona’s interracial marriage is transgressive in every way. It is a 
personal act of love, yet it also carries political significance. In Shakespeare, Race, and 
Colonialism Ania Loomba states that “Desdemona not only disobeys her father and chooses her 
own husband, she defends her choice in front of the Senate, openly affirming her sexual passion 

169

January 2016 
Deposit ID 18246/2015 
ISSN 2356-9085



 

for Othello” (Loomba 101). There are a plethora of feminist debates surrounding Desdemona’s 
stance in the play. Is she an active socio-political agent? Is she passive, allowing Othello to 
commit her to “whoredom” and becomes a victim of a man’s irrational bouts of jealousy? While 
there are many different interpretations, I urge my students to consider the ways in which 
Desdemona’s desire to choose her marriage partner mirrors the dilemma of traditional marriage 
versus marriage for love in their own lives today. In Kuwait, and many parts of the Middle East, 
traditional marriage is still alive and well. Gender relations are dominated by patriarchal 
ideologies. It is not common for a woman to rebel against her family’s (or father’s) wishes, let 
alone in a conservative Bedouin and/or Bidoon community. There are multiple factors that shape 
my female students’ experience. Like Desdemona, they are expected to be modest, “good girls”, 
“honourable” and refrain from upsetting the status quo. Desdemona’s choice is considered a 
betrayal of her father. Brabantio (Desdemona’s father) states: “O, she deceives me past 
thought…O treason of the blood!” (Shakespeare 207). Brabantio’s understanding of this familial 
responsibility and fixation on blood ties and kinship is very reminiscent of Bedouin and Bidoon 
traditional culture. The emphasis on patrilineal blood ties is a distinctive part of tribal culture. As 
such, Shakespeare’s Brabantio is not altogether different from Bedouin and Bidoon fathers who 
will not have their honour threatened. Similarly, the concept of purity of race, asil, is still a 
dominant ideology in modern Kuwait. Blood does not mix, in the same way that sixteenth 
century English culture upheld the concept of “pure” Englishness.  

When we consider Desdemona’s insistence on choosing her husband, students are usually 
divided in opinion – there are those that support her rebellion, while there are some who believe 
her death is the price of her calculated rebellion. This brings us to the topic of ethics and ethical 
criticism. How do we make a moral claim, if a moral claim cannot be universal and absolute? 
Are we, as readers, making moral judgments about the characters? I tell my students that it is our 
job to interpret, to give the text meaning, but at the same time, there are many ideas and 
questions that are touched upon in our discussions. Can my students separate their own cultural 
assumptions from the text? An objective reading is impossible. Desdemona’s choice to marry 
Othello is provocative and dangerous, yet it grants her agency. This complex problem of 
deciding whether a particular action is moral leaves us with the idea of relativity. Morality is 
relative and we cannot separate the cultural and historical context from the text. My students’ 
own background lends them insight. Reader-response theory asserts that the text is left to the 
reader’s responsiveness, to the mind, that it submits to the reader’s definitions and discourse. 1 

Othello is not a text that is simply concerned with patriarchy and even less, “femaleness.” 
It deals with marginality, otherness, and subversion of power structures. When considered in this 
light, it opens up room for more discussion. Literature, then, (Shakespeare in this specific 
context) is meant to be inclusive. It should not alienate students, but rather, bring them closer to 
the text, bridge the gaps between their lives and imaginary lives. Using the texts as starting 
points to create a sense of personal agency is crucial. For instance, my students’ personal 
experiences and oppressive environments are significant. To create change in society, we must 
first approach and affirm that there is a cycle of oppression and injustices.  

When the student feels the validity of his own experience, he will cease to think of 
literature as something that only a few gifted spirits can enjoy and understand in an 
original way…The instructor’s function is…to help students realize that the most 
important thing is what literature means to them and does for them (Rosenblatt 64).  

                                                            
1 Wolfgang Iser “Interaction Between Text and Reader”, The Norton Anthology of Theory and Criticism. Eds. Leitch, 
Vincent B, Laura Finke. NY & London, W.W. Norton & Company, 2001. 1673‐1682.  
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Conclusion:  
The Humanities, then, are not apolitical. The study of literature is relevant and instills a 

deeper understanding of one’s reality. Empathy is also fueled and developed through 
understanding other realities and cultures. By bringing Shakespeare to modern day Kuwait, at the 
end of the semester, my students are able to enjoy the work, yet they are also able to develop 
criticial insight into their own lives and their status in society. At the universal level, we are able 
to stress commonalities and parallels, while at the socially particular level, we are able to address 
issues that truly matter.  
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