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Abstract: In this paper, analysis of methodology was realized for the application of stratified random sampling with optimum 
allocation in the case of a subject of research which concerns the rural population and presents high differentiations among the three 
strata in which this population could be classified. The rural population of Evros Prefecture (Greece) with criterion the mean altitude of 
settlements was classified in three strata, the mountainous, semi-mountainous and flat population for the estimation of mean 
consumption of forest fuelwood for covering of heating and cooking needs in households of these three strata. The analysis of this 
methodology includes: (1) the determination of total size of sample for entire the rural population and its allocation to the various strata; 
(2) the investigation of effectiveness of stratification with the technique of analysis of variance (One-Way ANOVA); (3) the conduct of 
sampling research with the realization of face-to-face interviews in selected households and (4) the control of forms of the 
questionnaire and the analysis of data by using the statistical package for social sciences, SPSS for Windows. All data for the analysis 
of this methodology and its practical application were taken by the pilot sampling which was realized in each stratum. Relative paper 
was not found by the review of literature. 
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1. Introduction 

1.1 In General 

The prefecture of Evros is the largest in extent and 

population prefecture of Thrace region (Greece). It has 

an extent of 4,242 square kilometers and a population 

of 143,752 residents [1], it northly borders on Bulgaria 

and Easternly on Turkey. The main branches of 

economy in the area are agriculture and cattle-breeding, 

while a significant growth of industry and manufacture 

is observed in the past few years. 

30.5% of total extent of Prefecture is covered by 

forests [2] and the largest part of annual forest 

production is fuelwood (62.3%) emanating mainly 
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from deciduous oaks, which is intended for the 

covering of needs of heating and cooking in households 

mainly of rural population of Prefecture as well as as a 

raw material for the production particleboards, 

fiberboards and paper [3]. The inhabitants of forest 

areas have the right of free collection of wood 

harvesting residues for covering of their individual 

needs for heating and cooking [2]. 

1.2 Formation of Strata 

Stratified random sampling is generally used when 

the population is heterogeneous or dissimilar where 

certain homogeneous or similar subpopulations can be 

isolated (strata) [4-6].  

The rural population of Evros Prefecture with 

criterion the mean altitude of settlements was classified 

in three strata, the mountainous, semi-mountainous and 
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flat population (according to the distinction of the 

National Statistical Service of Greece [1]) within the 

framework of an effort for a better approach of the 

allocated subpopulations and consequently of the 

achievement of more accurate estimations of the values 

of parameters of these subpopulations. This 

classification was realized with the idea that 

communities of higher altitudes would have a larger 

consumption of fuelwood in comparison with 

communities with lower altitudes and this mainly due 

to the lower family income in the communities of 

higher altitudes. Tsatiris [7] states that the Greek 

forests are situated mainly in mountainous areas, the 

residents of which have the lowest family income and 

because of this they consume for covering of their own 

individual heating needs larger quantities of the free 

collected fuelwood than the residents of communities 

with lower altitudes. Consequently, the quantitative 

variable used to form strata is in the case of this study 

the family income that is called a factor.  

With this stratification we expect to have more 

homogeneity within the strata so that we need a smaller 

size of sample and the application of stratified random 

sampling to be more economic than the simple random 

sampling. With this stratification we expect to have as 

much as possible more homogeneous (similar) 

sampling units within each stratum, whilst on the 

contrary, among the strata to be as much as possible 

more non-homogeneous. Homogeneity and lack of 

homogeneity in these cases are estimated by using of 

variance. Thus, we expect that with this stratification 

we will have a low variance within each stratum and as 

much as possible higher variance among the strata. 

2. Analysis of Methodology 

2.1 In General 

Data were collected by heads of households of 

mountainous, semi-mountainous and flat rural 

population of Evros Prefecture through face-to-face 

interviews and filling in of forms of a questionnaire. 

The questionnaire contained questions relative to 

subjects of forest bioenergy.  

When the sampling units are human beings, the main 

methods of collecting information are: (1) face-to-face 

interviewing; (2) postal surveys; (3) telephone surveys 

and (4) internet [8, 9]. A questionnaire is a series of 

questions asked to individuals to obtain statistically 

useful information about a given topic. Questionnaires 

are frequently used in social researches. They are a 

valuable method of collecting a wide range of 

information from a large number of individuals, often 

referred to as respondents [10]. 

The problem of size of sample in the stratified 

random sampling has two legs. The first leg is reported 

in the determination of total size of sample (n) for entire 

the population, while the second leg is reported in the 

allocation of this size to the various strata (nK). Both for 

these two legs exist four ways that can be applied for the 

determination of the above sizes [5, 11, 12]: 

(1) Equal samples in each stratum; 

(2) Proportional allocation; 

(3) Optimum allocation with equal sampling costs in 

each stratum; 

(4) Optimum allocation with varying sampling costs 

in each stratum. 

In the case of this study, applying stratified random 

sampling, the size of sample of households was 

estimated for entire the rural population (n) (Eq. (1)) 

and afterwards for each stratum separately (nK) (Eq. (2)) 

through the way of “Optimum Allocation with Equal 

Sampling Costs in Each Stratum”. 

Sampling frame refers to the set of all possible sample 

units [9, 13-16]. The lists of consumers of domestic 

electric current were used as a sampling frame in the 

case of this research. These lists were preferred, because 

they were more complete and more informed than those 

of other services, for example phone book, municipal 

rolls. The selected households (regular and surrogate) 

more accurately were located through these lists. 

2.2 Determination of the Total Size of Sample for the 

Estimation of Numerical Mean 

The Eq. (1) is applied for the determination of total 
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size of sample (n) for entire the rural population in the 

stratified random sampling when we want to estimate 

the numerical mean of population and in the case where 

the way of “Optimum Allocation with Equal Cost” has 

been selected [5, 11]: 
 
  



2L
2

K K
K = 1

L
2 2 2 2

K K
K = 1

t N S

n =
N e + t N S

           (1) 

Nomenclature: 

n: the total size of sample for entire the rural 

population (households); 

N: the total number of households in entire the rural 

population; 

NK: the number of households in the stratum K (K = 

1, 2,…, L); 

N1: the number of households of rural mountainous 

population; 

N2: the number of households of rural 

semi-mountainous population; 

N3: the number of households of rural flat 

population; 

L: the number of strata; 

The t value is related to the desired probability that 

the confidence interval will contain the mean of 

population; 

SK
2: the variance in the stratum K; 

Variance is the sum of square of deviations of mean 

from the individual observations divided by a number 

by a unit smaller than the total number of observations 

[12]. The variance of individuals in a population is a 

measure of the dispersion of individual unit values 

about their mean. A large variance indicates wide 

dispersion, while a small variance indicates little 

dispersion [11, 17]; 

SK: the standard deviation in the stratum K (K = 1, 

2,…, L). The standard deviation is the square root of 

the variance; 

Variance and standard deviation are indicators of 

variability among the units of a population. Standard 

error is a standard deviation but among the estimators 

(estimates) and not among the individual units of a 

population [11, 18, 19]; 

e: the accuracy of estimation. 

2.3 Allocation of the Total Size of Sample to Various 

Strata 

The total size of sample (n) should afterwards to be 

allocated to the three strata. Thus, the way of 

“Optimum Allocation with Equal Sampling Costs in 

Each Stratum” was used again. The total size of sample 

(n) is allocated to the three strata so that we have the 

lowest variance and moreover the cost of a sampling 

unit to be equal in all strata. The relative formula by 

which is estimated the size of sample in each stratum 

separately (nK) is the following [5, 11]: 

 



K K

K L

K K
K =1

(N )(S )
n = n

(N )(S )           (2) 

Nomenclature: 

nK: the size of sample in the stratum K (households) 

(K = 1, 2,…, L). 

The rest symbols have been explained above. 

2.4 Effectiveness of Stratification 

After the formation of strata and the gathering of 

data, the effectiveness of stratification should be 

investigated with the technique of Analysis of Variance. 

The technique of Analysis of Variance in order to be 

applied, the following hypotheses (assumptions) 

should be in force [20-22]: 

(1) The K samples should be random and 

independent. The observations of each sample should 

be taken so as they are not influenced by those that 

were taken up to now; 

(2) The distribution of populations by which the K 

samples were taken should be approximate normal; 

(3) All populations by which the K samples were 

taken should have equal variance, σ2; 

(4) The last hypothesis is the null hypothesis that we 

want to test.  

The null hypothesis (Ho) declares that the K 

populations by which the samples were taken have 

equal numerical mean: 

Ho: μ1 = μ2 = μ3 
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The alternate hypothesis H1 declares that all 

numerical means are not equal. 

Test of homogeneity of variances for the three (3) 

samples was realized by the test of Levene for the 

dependent variable “consumption of fuelwood”. 

Norusis [23] states that the test of homogeneity of 

variances calculates the Levene statistic, testing 

whether the variance of the dependent variable (e.g. 

consumption of fuelwood) is equal for all the groups. 

The total variance of rural population was separated 

in two components. The one component is that that 

exists among the strata while the other one within the 

strata. 

Analysis of variance by a factor (independent 

variable) was held by the subprogram One-Way 

ANOVA of SPSS for Windows [23-26]. In this paper, 

we’ll use the One-Way ANOVA procedure. According 

to Norusis [25] it’s called One-Way analysis of variance 

because cases are assigned to different groups based on 

their values for one variable. In this paper, we form the 

groups (strata) based on the values of the variable 

“family income”. The variable used to form groups is 

the “family income” that is called a factor. If the mean 

annual family income of strata (factor or independent 

variable) influences the mean consumption of fuelwood 

(dependent variable) is tested [27]. All data for the 

realization of One-Way analysis of variance were taken 

by a pilot sampling [12, 28-30]. 

2.5 Choice of Households and Conduct of the Sampling 

Research 

The number of households for example of rural 

mountainous population results as a sum of the 

households of all rural mountainous communities. The 

number of households of the other categories of 

population results at a proportional way. The 

households which are included in the lists of consumers 

of domestic electric current of each one category of 

population (stratum) were numbered at a serial order. A 

simple random sample of households was taken by 

each one stratum. Tables of random numbers and the 

method of simple random sampling without repetition 

were used for the choice of simple random sample [12, 

31]. Thus, all selected households (regular households) 

in each sample are different at each other, namely each 

selected household is taken in the sample only once. 

Each selected regular household was determined in 

these lists by the corresponding full name and address. 

Surrogate households besides were taken because 

“deniers’’ would result at the conduct of sampling 

research. The quantity of surrogate households in each 

stratum was taken equal to 30% of the sample size of 

each stratum [13, 14, 32]. Tables of random numbers 

were used for the choice of surrogate households from 

each stratum [12, 31]. Each selected surrogate 

household was determined in these lists by the 

corresponding full name and address. 

In all selected households (regular and surrogate), 

registered letters were sent by which the aim of this 

research is explained and the date and time at which the 

interviewer will meet the interviewee in the place of 

residence of the last one are predetermined [9, 14, 33]. 

In other words, the conduct of sampling research with 

the realization of face-to-face interviewing between the 

researcher and the heads of selected households and 

filling in of the forms of a questionnaire was decided. 

2.6 Control of the Forms of the Questionnaire and 

Analysis of Data 

After the gathering of forms of the questionnaire 

they were controlled for the detection of by any chance 

serious lacks. This control aimed at the ascertainment 

of completeness, consequence and plausibility of the 

answers in the forms of the questionnaire [9, 10, 14]. 

The control of completeness aims at the ascertainment 

of by any chance unanswered questions. The control of 

consequence becomes through the questions of indirect 

control by which the by any chance inconsequence of 

the respondent in questions that measure the same 

characteristic is ascertained. The control of plausibility 

aims at the revelation of logical consequence at the 

answers that are given and it becomes with the 
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comparison of answers in proportional relative 

questions of the questionnaire. Moreover, the 

reliability of the pilot sample of households from each 

stratum (category of subpopulation) was checked by 

the errors of pilot sampling (standard errors) [12, 28]. 

The analysis of data was realized by using the 

statistical package for social sciences, SPSS for 

Windows. Specifically, the results (output) which were 

extracted concern mainly the Descriptive Statistics, 

Test of Homogeneity of Variances (Levene’s test) and 

One-Way ANOVA.  

3. Results and Discussion 

3.1 Results of Pilot Sampling 

3.1.1 Size of Sample 

The following data were taken for the determination 

of total size of sample of households (n) for entire the 

rural population: 

N: 19,142 households [1]； 

N1: 1,798 households [1]； 

N2: 3,106 households [1]； 

N3: 14,238 households [1];  

L: 3 strata; 

t: 2 for probability (1-α) % = 95%. 

The unknown parameters e, SK, SK
2 were determined 

by data of a pilot sampling which was realized within 

each stratum [12, 28]. Specifically, they randomly were 

taken by the [12, 31]: 

 Rural mountainous population 43 households 

(stratum 1); 

 Rural semi-mountainous population 37 

households (stratum 2); 

 Rural flat population 42 households (stratum 3). 

The characteristic sizes (output) of quantitative 

variables: (1) “annual consumption of fuelwood per 

household”; (2) “annual consumption of charcoal per 

household”; and (3) “mean annual family income” for 

each stratum emanating from the pilot sampling are 

presented in Tables 1, 2 and 3 respectively (Descriptive 

Statistics). For each stratum, the mean, standard 

deviation, standard error of the mean, minimum, 

maximum and a 95% confidence interval for the mean 

are calculated by the Descriptive Statistics.  

More specifically, the quantitative variable “annual 

consumption of fuelwood per household” was selected, 

which comparatively with the quantitative variable 

“annual consumption of charcoal per household” 

presented higher standard deviation in relation to the 

mean and afterwards the standard deviation of this 

variable as it was estimated in each stratum, it was used 

in the formula (1) as a standard deviation (SK). The 

quantitative variable “mean annual family income” 

was excluded, because it  presented excessively high 
 

Table 1  Characteristic sizes of the quantitative variable “annual consumption of fuelwood per household” for each stratum 
(in tons of fuelwood/year, household) emanating from the pilot sampling.   

 
N 
 

Mean 
 

Std. 
deviation 

Std. error
 

95% confidence interval for mean Minimum 
 

Maximum
 Lower bound Upper bound 

Rural mountainous 43 3.521 1.1422 0.1741 3.173 3.869 1.60 8.00 

Rural semi-mountainous 37 2.353 0.7341 0.1206 2.112 2.594 1.00 4.80 

Rural flat 42 0.842 0.3215 0.0496 0.743 0.941 0.00 3.90 

Total 122 2.244 0.7358 0.0667 2.111 2.378 0.00 8.00 
 

Table 2  Characteristic sizes of the quantitative variable “annual consumption of charcoal per household” for each stratum 
(in kilos of charcoal/year, household) emanating from the pilot sampling.    

 
N 
 

Mean 
 

Std. 
deviation 

Std. error
 

95% confidence interval for mean Minimum 
 

Maximum
 Lower bound Upper bound 

Rural mountainous 43 1.724 0.7341 0.1119 1.500 1.948 0.00 25.00 

Rural semi-mountainous 37 1.655 0.4213 0.0692 1.516 1.793 0.00 14.00 

Rural flat 42 1.411 0.1124 0.0173 1.376 1.446 0.00 11.00 

Total 122 1.595 0.4252 0.0384 1.518 1.672 0.00 25.00 
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Table 3  Characteristic sizes of the quantitative variable “mean annual family income” for each stratum (in euros of the year 
2009) emanating from the pilot sampling.         

 
N 
 

Mean 
 

Std. deviation
 

Std. error
 

95% confidence interval for mean Minimum 
 

Maximum
 Lower bound Upper bound 

Rural mountainous 43 4704 1046 159.514 4384 5023 2688 8064 

Rural semi-mountainous 37 5371 1315 216.186 4938 5803 2688 9132 

Rural flat 42 7705 1713 264.323 7176 8233 2688 13100 

Total 122 5939 1357 122.857 5693 6184 2688 13100 
 

values of standard deviation. The standard deviation 

for which reference becomes in this point is that among 

the units of each stratum.   

The accuracy of estimation (e) was taken equal to 

2% of the numerical mean of the entire rural population 

[31, 34], namely e=0.0448. Because the sampling 

fractions n
f =

N  were smaller than 5%, the second 

part of the denominator in the Eq. (1) was ignored [11, 

12].  

Nomenclature: 

n: the number of observations;  

N: the size of “population”-number of households in 

all strata. 

Thus, the Eq. (1) is simplified in: 
 
  




2L

2
K K

K =1
2 2

t N S

n =
N e

               (3) 

The Eq. (3) in the case of this research analytically is 

presented as follows: 



2 2
1 1 2 2 3 3

2 2

t (N S + N S + N S )
n =

N e
 

Replacing the data in this analytic formula we have: 

432
)0448.0()142,19(

)3215.0238,147341.0106,31422.1798,1(2
22

22





n  

Thus, the total size of sample for entire the rural 

population amounted in n = 432 households. 

Afterwards the total size of sample (n) was allocated to 

the three (3) strata so that we have the lowest possible 

standard error and moreover the cost of a sampling unit 

to be equal in all strata. Thus, the size of sample in each 

stratum (nK) was estimated, which has as follows: 

Stratum 1, Rural Mountainous Population, n1 = 100 

households; 

Stratum 2, Rural Semi-mountainous Population, n2 = 

110 households; 

Stratum 3, Rural Flat Population, n3 = 222 

households; 

Total (Rural Population), n = 432 households.  

3.1.2 Effectiveness of Stratification 

The effectiveness of stratification was investigated 

with the technique of Analysis of Variance. The test of 

homogeneity of variances for the three (3) samples was 

realized by the test of Levene for the consumption of 

fuelwood (Table 4). 

From Table 4, it appears that the statistical value of 

Levene test is 0.362 for the consumption of fuelwood 

with 2 and 119 degrees of freedom and a probability 

(significance) of 0.658. According to Einspruch [35], 

because this probability is higher than the usually used 

of 0.05, it is concluded that the three samples have 

equal variances, that is to say homogeneity of variances 

exists, fact that allows us to apply the technique of 

analysis of variance. 

Thus, the table of One-Way analysis of variance for 

the dependent variable “consumption of fuelwood” is 

presented below (Table 5). 

In order to obtain the output of One-Way ANOVA 

table, we selected the “consumption of fuelwood” as a 

dependent variable and the “family income” as a factor 

(independent variable) in the One-Way ANOVA 

dialog box.  

We test the null hypothesis (H0). The null hypothesis 

(H0) declares that the three (3) subpopulations by 

which the samples were taken have equal numerical 

mean: 
H0: μ1 = μ2 = μ3 

The alternate hypothesis (H1) declares that all 

numerical means are not equal. 
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Table 4  Test of homogeneity of variances for the consumption of fuelwood by using of Levene test (for this test the data 
concern the quantitative variable “annual consumption of fuelwood per household” for each stratum, in tons/year, household, 
emanating from the pilot sampling). 

 Levene statistic df1 df2 Sig. 

Consumption of fuelwood 0.362 2 119 0.658 
 

Table 5  One-Way analysis of variance for the consumption of fuelwood.    

 Sum of Squares df Mean Square F Sig. 

Consumption of fuelwood 
 

Between Groups 426.237 2 213.118 328.379 0.000 

Within Groups 77.344 119 0.649   

Total 503.581 121    
 

The F ratio which is equivalent to the variance 

among the strata divided by the variance within the 

strata has in this case the value F = 328.379. The 

critical value of F.05, 2,119 the given from the tables is 

3.07, for a level of significance of α=0.05 and 2 (K-1 = 

3-1) and 119 (n-K = 122-3) degrees of freedom, that is 

to say F = 328.379 > F.05, 2,119 = 3.07 and in 

consequence the null hypothesis is rejected and we 

accept the alternate hypothesis (H1), matter that means 

that all numerical means are not equal [27]. The 

acceptance of alternate hypothesis (H1) means that the 

mean annual family income of the strata (factor or 

independent variable) influences the mean 

consumption of fuelwood (dependent variable). This 

confirms that the choice of One-Way ANOVA was 

successful. 

Tsatiris [7] states that between the mean 

consumption of fuelwood and the mean annual family 

income in seven categories of population of Thessaly 

region exists a very powerful negative linear 

correlation, fact that means that while the mean annual 

family income of the strata increases, the mean 

consumption of fuelwood per year and household is 

decreased and this effect is very powerful. Thus, while 

the mean annual family income of the strata increases, 

the households of these strata tend to consume a larger 

quantity of alternate fuels, as petroleum, liquid gas and 

electric energy with reference to the satisfaction of 

their heating needs. Fuelwood could be classified as an 

inferior virtuous and as a cheap fuel which is mainly 

consumed by categories of population or households of 

low income. 

From the Table 5 of One-Way analysis of variance 

for the consumption of fuelwood, it results that the 

variance among the strata found to constitute 84.6% 

of the total variance (very high), whilst the variance 

within the strata amounted in 15.4% of the total 

variance (very low). That means that 84.6% of the 

total variance due to the differentiation among the 

three strata and only 15.4% of the total variance due to 

the variance within the strata. The variance of the 

stratified sample is measured by the variance within 

the strata, which significantly has been decreased by 

the division of rural population in three strata. From 

these, it results that the stratification was successful 

[12, 36]. 

3.1.3 Choice of Households and Conduct of the 

Sampling Research 

The number of households that were selected 

through the lists of consumers of domestic electric 

current is presented in Table 6. 

Afterwards  the  realization  of  the first  phase of 
 

Table 6   Number of selected regular and surrogate households. 

Stratum Category of subpopulation Size of sample, nK (regular households) Surrogate households 

1 Rural mountainous population 100 30 

2 Rural semi-mountainous population 110 33 

3 Rural flat population 222 67 

Total 432 130 



Analysis of Methodology for the Application of Stratified Random Sampling with Optimum Allocation:  
The Case Study of Forest Bioenergy 

 

89

 

face-to-face interviews, the total “refusals” amounted 

in the various strata from 4.1%-4.9% of the initially 

selected households. These “refusals” due mainly to 

direct refusals (refusal for interview) and to absentees. 

In second phase, the void that resulted from the 

“deniers” was covered with the realization of 

face-to-face interviews in surrogate households which 

had been selected for this purpose by the corresponding 

strata. 

The relatively large quantity of the required for 

gathering information and the possibility of direct 

clarification of questions contributed in the 

appointment of face-to-face interviewing as the most 

reliable and suitable technique of information collection 

in this case, although that the face-to-face interviews 

were expensive in money and time, where it concerned 

in the time of locomotion, approach of the area of 

research and interview of the respondents. With the 

method of face-to-face interviewing, a relatively high 

percentage of response from the side of the respondents 

was achieved, fact which would not happen through the 

postal returned questionnaire survey, if we furthermore 

count in the educational level particularly in the case 

study of rural population [9, 13, 14]. 

Thus, 100 forms of the questionnaire were filled in by 

the first stratum, 110 forms of the questionnaire by the 

second stratum and 222 forms of the questionnaire by 

the third stratum. 432 forms of the questionnaire totally 

were filled in by all the strata. After the gathering of 432 

forms of the questionnaire, control of these forms took 

place. A small number of individual questions were 

unanswered and were considered as invalid. 

The errors of pilot sampling or standard errors of the 

quantitative variable “annual consumption of fuelwood 

per household” emanating from the data of the pilot 

sampling and for each pilot sample of households were 

ranged from 0.04 to 0.17 which are considered as slight 

ones [12, 15, 28-30] (see Table 1). 

4. Conclusions 

In this paper, analysis of methodology was realized 

for the application of stratified random sampling with 

optimum allocation in the case of a subject of research 

which concerns the rural population and presents high 

differentiations among the three strata in which this 

population could be classified. The rural population of   

Evros Prefecture (Greece) with criterion the mean 

altitude of settlements was classified in three strata, the 

mountainous, semi-mountainous and flat population 

within the framework of an effort for a better approach 

of the allocated subpopulations and consequently of the 

achievement of more accurate estimations of the values 

of parameters of these subpopulations. The quantitative 

variable used to form strata is in the case of this study 

the family income that is called a factor. With this 

stratification we expect to have more homogeneity 

within the strata so that we need a smaller size of 

sample and the application of stratified random 

sampling to be more economic than the simple random 

sampling. Specifically, the methodology of application 

of stratified random sampling with optimum allocation 

is analyzed for the estimation of mean consumption of 

forest fuelwood for covering of heating and cooking 

needs in households of mountainous, 

semi-mountainous and flat rural population of Evros 

Prefecture.  

The analysis of this methodology includes: (1) the 

determination of total size of sample for entire the rural 

population and its allocation to the various strata; (2) 

the investigation of effectiveness of stratification with 

the technique of analysis of variance (One-Way 

ANOVA); (3) the conduct of sampling research with 

the  realization of face-to-face interviews in selected 

households; and (4) the control of  forms of the 

questionnaire and the analysis of data by using the 

statistical package for social sciences, SPSS for 

Windows. Specifically, the results (output) which were 

extracted concern mainly the Descriptive Statistics, 

Test of Homogeneity of Variances (Levene’s test) and 

One-Way ANOVA.  

All data for the analysis of this methodology and its 

practical application were taken by the pilot sampling 
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which was realized in each stratum. Relative paper was 

not found by the review of literature.  

Applying stratified random sampling, the total size of 

sample of households was estimated for entire the rural 

population and afterwards for each stratum separately 

through the way of “Optimum Allocation with Equal 

Sampling Costs in Each Stratum”. The total size of 

sample (n) was allocated to the three (3) strata so that we 

have the lowest possible standard error and moreover 

the cost of a sampling unit to be equal in all strata. 

The effectiveness of stratification was investigated 

with the technique of analysis of variance. The Test of 

Homogeneity of Variances for the three (3) samples 

was realized by the test of Levene for the consumption 

of fuelwood. The statistical value of Levene test is 

0.362 for the consumption of fuelwood with 2 and 119 

degrees of freedom and a probability of 0.658.  

Because this probability is higher than the usually used 

of 0.05, it is concluded that the three samples have 

equal variances, that is to say homogeneity of variances 

exists, fact that allows us to apply the technique of 

analysis of variance. In this paper, we used the 

One-Way ANOVA procedure. Analysis of variance by 

a factor (independent variable) was held by the 

subprogram One-Way ANOVA of SPSS for Windows. 

We formed the groups (strata) based on the values of 

the quantitative variable “family income” that is called 

a factor. In order to obtain the output of One-Way 

ANOVA table, we selected the “consumption of 

fuelwood” as a dependent variable and the “family 

income” as a factor (independent variable) in the 

One-Way ANOVA dialog box. In other words, if the 

mean annual family income of strata (factor or 

independent variable) influences the mean 

consumption of fuelwood (dependent variable) was 

tested. We tested the null hypothesis and we proved 

that the null hypothesis is rejected while the alternate 

hypothesis be accepted. The acceptance of alternate 

hypothesis means that the mean annual family income 

of the strata influences the mean consumption of 

fuelwood. This confirms that the choice of One-Way 

ANOVA was successful.  

From the table of One-Way analysis of variance for 

the consumption of fuelwood, it results that the 

variance among the strata found to constitute 84.6% of 

the total variance (very high), whilst the variance 

within the strata amounted in 15.4% of the total 

variance (very low). That means that 84.6% of the total 

variance due to the differentiation among the three 

strata and only 15.4% of the total variance due to the 

variance within the strata. The variance of the stratified 

sample is measured by the variance within the strata, 

which significantly has been decreased by the division 

of rural population in three strata. From these, it results 

that the stratification was successful. 

The lists of consumers of domestic electric current 

were used as a sampling frame in the case of this 

research. The selected households (regular and 

surrogate) more accurately were located through these 

lists. Tables of random numbers were used for the 

choice of regular and surrogate households from each 

stratum. Each selected regular and surrogate household 

was determined in these lists by the corresponding full 

name and address.  In other words, the conduct of 

sampling research with the realization of face-to-face 

interviewing between the researcher and the heads of 

selected households and filling in of the forms of the 

questionnaire was decided. Thus, data were collected 

by heads of selected households of mountainous, 

semi-mountainous and flat rural population of Evros 

Prefecture through face-to-face interviews and filling 

in of forms of the questionnaire. 

After the gathering of forms of the questionnaire 

they were controlled for the detection of by any chance 

serious lacks. This control aimed at the ascertainment 

of completeness, consequence and plausibility of the 

answers in the forms of the questionnaire. Moreover, 

the reliability of the pilot sample of households from 

each stratum (category of subpopulation) was checked 

by the errors of pilot sampling (standard errors). This 

analysis could constitute a useful guide in the case of 

application of stratified random sampling with 



Analysis of Methodology for the Application of Stratified Random Sampling with Optimum Allocation:  
The Case Study of Forest Bioenergy 

 

91

optimum allocation in matters of social researches that 

require the realization of polls in a population which 

lives in a relatively wide geographic region where this 

population could be classified in more than one 

different categories of subpopulations (strata) on the 

basis of some feature (criterion). 
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