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Abstract 

Due to the positive effect it has on the environment, while also creating social and 

economic value, recycling represents a key factor in the realization of a circular economy 

and of sustainable development. For the implementation of efficient programs, the 

recycling rate has become a relevant subject to public institutions, but also for the 

academia, companies and non-profit associations. The objective of this article is to 

determine the influence of the population’s level of education on the recycling rate of 

waste. The article has a contribution to the scientific literature, by analyzing the correlation 

between education and the recycling rate in Europe, with living conditions and internet 

access as control variables. Results of a panel data analysis show that a high percentage of 

the population with only primary or lower secondary education, influence negatively the 

recycling rate of waste in an economy, while tertiary education has a positive influence on 

the level of recycled waste. Therefore, different policies which aim to increase the 

education level of the population will have an effect on the recycling rate.  

  

Key words: recycling, circular economy, sustainable consumption, municipal waste, 

education level, panel data analysis. 

 
JEL Classification: Q53. 

 

 

Introduction 

Recycling and waste management continue to represent a relevant and imperative subject, 

in the attention of governmental organizations worldwide. Adopting an efficient 

management for the reduction of waste is necessary in order to mitigate negative effects on 

the environment. Given that recycling activities do not solely produce benefits for the 
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environment, as they also create economic and social value (Chen and Tung, 2010; 

Malinauskaite et al., 2017), recycling represents one of the central measures proposed for 

the realization of a sustainable development. Waste management is part of the European 

Union’s program for the development of a circular economy (European Union, 2017), 

including measures such as recycling, using recycled materials and the generation of energy 

(European Environment Agency, 2016). 

Although recycling rates have grown in the last 10 years according to Eurostat data, the 

recycling rate of municipal waste didn’t reach 10% in some countries in 2016 (7.1% in 

Malta and 0.3% in Serbia) (Eurostat, 2017). Recycling rates for packaging waste are higher 

than recycling rates of municipal waste, although also in this case, a discrepancy between 

the performance of different countries in Europe can be observed. Thus, while Belgium, the 

Czech Republic, the Netherlands and Sweden have a recycling rate for packaging waste of 

over 70%, countries such as Island and Hungary show values of 50.6%, respectively 50.1% 

for 2015 (Eurostat, 2017). In this context, identifying the causes that lead to differences of 

performance regarding waste management and recycling has become an important subject. 

Analyzing this aspect has two components: defining the performance of recycling activities 

and identifying the factors that influence performance. Suttibak and Nitivattananon (2008) 

mention ways of evaluating recycling performance such as participation rate, quantity 

recovered, diversion rate and utilization rate.  

In order to analyze the level of recycling in Europe, we chose to use the recycling rate of 

municipal waste and tested the impact that education has on this variable, while using 

internet access, urbanization and living conditions as control variables. The literature 

review is presented in the first part of the article, with focus on the role of recycling in the 

circular economy and on other researches presenting the relation between education and the 

recycling rate. In the second chapter, the methodology is presented. The objectives, the 

hypotheses, the proposed model and the data collection methods are described. The third 

chapter contains the actual data analysis, including the statistical analysis of the used data 

and the measurement of the adequacy of the proposed models with the help of panel data 

analysis. Based on the results and the analysis, the conclusions and the recommendations 

have been made.   

  

1. Literature review 

1.1. Circular economy and recycling 

Geissdoerfer et al. (2017) define the concept of circular economy as „a regenerative system 

in which resource input and waste, emission, and energy leakage are minimized by slowing, 

closing, and narrowing material and energy loops”. The authors consider that this system 

can be accomplished through “long-lasting design, maintenance, repair, reuse, 

remanufacturing, refurbishing, and recycling” (Geissdoerfer et al. 2017). The development 

of the circular economy concept has changed the framework for recycling and waste 

management, as it was until 1985, when the attention was oriented to the effects of 

pollution triggered by waste, facilitating the extraction of additional value and the 

minimization of value loss and destruction (Blomsma and Brennan, 2017).  

Reike et al. (2017) state that governments and policy makers have a decisive role in the 

realization of a circular economy. The European Commission declares that the circular 
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economy concept is strongly correlated with its key priorities and proposed an action plan 

that encompasses targets to „reduce landfilling and to increase preparation for reuse and 

recycling of key waste streams such as municipal waste and packaging waste” (European 

Commission, 2015a). The European Commission program for a circular economy includes 

legislative proposals that set a target of 65% for the re-use and recycling of municipal waste 

and 75% for recycling of packaging waste (European Commission, 2015b; European 

Commission, 2015c). 

1.2. Factors that influence the recycling process 

Scholars have identified several main factors that influence recycling activities. 

Infrastructure and the applied governmental policies have an important role in increasing 

the recycling rate. According to the study of Sidique Joshi and Lupi (2010a), curbside 

collection and drop-off centers, variable pricing of waste disposal, enactment of ordinances 

and financing educational programs increase the recycling rate. Other literature 

contributions show that weight-based billing reduce the volume of waste collected by 

municipalities, but this fact isn’t necessarily correlated with an increase of the recycling 

rate and might be caused by the reduction of waste produced by households (Dahlen et al., 

2007; Dahlen and Lagerkvist, 2010). Dahlen et al. (2007) also underline the positive effect 

that curbside recycling has on the level of recycling. Municipal waste management can 

influence the recycling rate through the collection frequency, so that with a lower collection 

frequency, the recycling rate increases (Abbott, Nandeibam and O'Shea, 2011; Gellynck, 

Jacobsen and Verhelst, 2011). 

Cognitive and non-cognitive factors that influence recycling activities take another 

important part in the scientific literature. The decision-making process is controlled by the 

thinking patterns of the person, which are based on their knowledge basis, a set of inference 

rules and a set of fundamental reference values (Bratianu, 2007). The study of López-

Mosquera, Lera-López and Sánchez (2015) discloses that environmental beliefs, interest for 

environmental information and the level of environmental knowledge have an effect on the 

rate by which people recycle glass, plastic, and paper waste. Scientific literature on 

recycling has also underlined the correlation between social norms, perceived behavioral 

control – how convenient it is to recycle – and the intention to recycle (Chan and Bishop, 

2013; Botetzagias, Dima and Malesios, 2015). Consumer behavior in general has a 

boomerang effect on the pro-environmental behavior, depending on the social norms 

(Yakobovitch and Grinstein, 2016), the biospheric values (Nguyen, Lobo and Greenland, 

2016), the education (Ntona, Arabatzis and Kyriakopoulos, 2015) and the self-efficacy 

(Lauren et. al, 2016) of the consumers. Also, pressure from the family and peers, along with 

how convenient it is to recycle and how familiar people are with the recycling 

infrastructure, influence the number of visits that people make to recycling drop-off sites 

(Sidique, Lupi and Joshi, 2010b). Beside cognitive knowledge, emotional and spiritual 

aspects also shape the behavior of people and motivate them (Bratianu, 2013). Positive 

emotions following nature experiences were associated with more environmental behavior 

(Junot, Paquet and Martin-Krumm, 2017).  

 Socio-demographic characteristics that influence the intention to recycle and the recycling 

rate have also been included in numerous studies (Jones et al., 2010; Sidique, Lupi and 

Joshi, 2010b; Saphores and Nixon, 2014; Oztekin et al., 2017), although results of different 

researches on the impact of income, level of education and age are often contradictory 

(Saphores and Nixon, 2014; Aphale, Thyberg and Tonjes, 2015).  
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According to Starr and Nicolson (2015), education (percentage of population with a Bachelor’s 

degree or higher) and age influence the recycling rate significantly: an increase in the median 

age and of the percentage of population with a Bachelor’s degree generate an increase of the 

recycling rate. Results of the analysis performed by Sidique, Lupi and Joshi (2010b) also reveal 

a positive correlation with age, but don’t identify a statistically significant correlation between 

the level of education and the number of visits to the drop-off centers. Following their research 

for the identification of factors that influence the recycling of batteries, Arbués and Villanúa 

(2016) have found that age and the awareness of an environmental campaign in the previous 

year are relevant factors for the level of battery recycling. 

 

2. Research methodology 

2.1. Hypothesis of the research 

The main objective of this research is the determination of the influence of the education 

level of the population on the recycling rate of municipal waste in an economy. In order to 

test the influence of the education in general, we will test the influence of all education 

levels on the dependent variable, including lifelong learning. Starting from this objective, 

we have formulated the following hypothesis for the influence of each education level on 

the recycling rate of waste in an economy:  

 H1: The higher percentage of people having only primary and lower secondary 

education has a negative influence on the recycling rate of waste in an economy; 

 H2: The higher percentage of people having upper secondary education or other non-

tertiary type of education has a positive influence on the recycling rate in an economy; 

 H3: The higher percentage of people having graduated a university or a similar 

tertiary education has a positive influence on the recycling rate in an economy; 

 H4: The higher participation of adult population in different forms of lifelong learning 

programs has a positive influence on the recycling rate in an economy.  

All these hypotheses have been formulated starting from the idea, that a higher level of 

education has a positive influence on the recycling rate, based on the results of Starr and 

Nicolson (2015), Lopez-Mosquera (2015) and Arbués and Villanúa (2016). People with 

higher education have broader knowledge for understanding the importance of the recycling 

process and therefor they have solid motives in order to facilitate and sustain the recycling 

process. We have also tested the influence of the lifelong learning on the recycling rate.     

2.2. The panel data analysis model 

In order to test the hypotheses presented above, we have developed the following 

regression model for a panel data analysis:  

Xrecyc,it = β1 XEDU0-2,it + β2 XEDU3-4,it + β3 XEDU5-8,it + β4 XLLLearn,it + β5 XONLINE,it  

+ β6 XURBA,it + β7 XLIVCOND,it + β8 XLIVCOST,it + β9 XGDPPC,it + c1                                           (1) 

Where: 

i = number of countries included in the analysis; 

t= time unit for the analyzed period. 
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The panel regression model has the recycling rate of waste in an economy as a dependent 

variable. For the measurement of the impact of the education on the recycling rate of waste, 

we have considered the following independent variables: the percentage of people, who 

have graduated only from primary and lower secondary education, the percentage of people 

who have graduated from an upper secondary education, the percentage of tertiary 

education graduates from the total population and the percentage of people participating in 

different forms of lifelong education programs. In order to increase the accuracy of the 

model we have also considered the control variables internet access of households, the 

degree of urbanization, the living conditions, the living costs and the gross domestic 

product per capita. A more detailed description of the variables can be found in table 1. For 

each of the nine variables, we have defined a coefficient βi, i =1,..,9 and the constant c1. 

The significance of the β coefficients and that of the constant c1 have been determined with 

help of the panel data analysis (Baltagi, 2008) in the program Stata 13.0.    

2.3. Data collection 

The dependent variable recycling rate of municipal waste is according to Eurostat one of 

the indicators which define the circular economy. It describes the percentage of recycled 

waste from the total waste in that economy. The four independent variables define the level 

of education of the adult population in the analyzed economy. Three of the independent 

variables represent the percentage of population with ages between 15-64 years, who have 

graduated different levels of education as it can be observed in table 1. The fourth variable 

represents the percentage of population with ages between 18-64 years, who have 

participated in different forms of lifelong education.  

The following five control variables have also been included in the model: internet access 

of households as a form of information possibility, the degree of urbanization, living 

conditions defined as number of locative rooms/ person, living cost and the gross domestic 

product per capita for the power of the economy. The gross domestic product per capita has 

been considered in thousand Euros in order to keep the magnitude of the scale. A more 

detailed description of the variables can be found in table no. 1.   

Table no. 1: Definition of variables 

Variable 

code 
Variable name Description 

Xrecyc Recycling rate 

This indicator measures the percentage of recycled garbage from the 

total produced garbage in the municipalities. It includes recycled 

materials, compost and anaerobic material. The value is expressed in 

percentage. 

Xedu0-2 
Education 

level 0-2 

Percentage of population with ages between 15-64 years with less 

than primary, primary and lower secondary education; education 

levels 0-2 according to the ISCED11. 

Xedu3-4 
Education 

level 3-4 

Percentage of population with ages between 15-64 years with upper 

secondary and post-secondary non-tertiary education; education 

levels 3-4 according to the ISCED11. 

Xedu5-8 
Education 

level 5-8 

Percentage of population with ages between 15-64 years with tertiary 

education; education levels 5-8 according to the ISCED11. 

Xlllearn 
Life Long 

Learning 

Participation rate at any form of education of the adult population 

with ages between 18-64 years (the participation was considered for 

the last 4 weeks); the value is expressed in percentage. 
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Variable 

code 
Variable name Description 

Xonline 
Internet access  

of households 

Describes the percentage of households, which have access to 

internet; the value is expressed in percentage. 

Xurba Urbanization Degree of urbanization expressed in percentage. 

Xlivcond Living conditions Average number of rooms/ person for the living space. 

Xlivcost Living cost 
The rate of the living cost related to the total income of the 

population expressed in percentage. 

Xgdppc GDPPC Gross domestic product per capita. 

Source: Eurostat, 2017 

The data used for this research have been collected from the Eurostat Database (Eurostat 

2017a-g) for the period 2007-2016 for the following 28 countries: Germany, France, United 

Kingdom, Netherlands, Belgium, Luxembourg, Spain, Italy, Portugal, Greece, Austria, 

Denmark, Finland, Norway, Sweden, Poland, Czech Republic, Slovakia, Hungary, 

Romania, Bulgaria, Croatia, Slovenia, Estonia, Latvia, Lithuania, Iceland, and Malta. For 

the control variables access to internet, degree of urbanization, living conditions and living 

cost, the data have been available only for the period 2008-2016. Because of the missing 

data, we have done the analysis based on 237 complete sets of data.    

 

3. Results and discussions 

3.1. Statistical analysis of the data 

The statistical variation of the variables and the correlation matrix can be observed in tables 

no. 2 and no. 3.  

Table no. 2: Statistical variation of variables 

Variable Mean Minimum Maximum Standard Deviation 

Recycling rate 31.29 0.4 66.7 16.53 

Education level 0-2 28.42 12.4 71.4 12.31 

Education level 3-4 47.48 16.6 72.2 12.53 

Education level 5-8 24.08 9.9 39.6 7.09 

Lifelong learning 17.61 6.6 38.3 7.77 

Internet access 73.44 25.0 97.0 15.39 

Urbanization 41.20 13.0 89.8 14.79 

Living conditions 1.61 1.0 2.3 0.39 

Living costs 10.19 1.1 40.9 5.91 

GDPPC 26.84 4.3 91.5 18.36 

 

Table no. 3: Correlation matrix for the variables 

Variable 
Edu 

0-2 

Edu 

3-4 

Edu 

5-8 
LLL 

Internet 

access 

Urba-

nization 

Liv. 

cond. 

Liv. 

cost 

GDP 

PC 

Education 0-2 1.000         

Education 3-4 -0.837 1.000        

Education 5-8 -0.257 -0.313 1.000       

Education LLL -0.077 -0.263 0.601 1.000      

Internet access -0.167 -0.202 0.648 0.698 1.000     

Urbanization 0.539 -0.536 0.010 -0.019 0.024 1.000    

Living conditions 0.274 -0.616 0.612 0.553 0.654 0.305 1.000   

Living costs -0.035 0.049 -0.026 -0.091 -0.142 -0.047 -0.194 1.000  

GDPPC 0.059 -0.385 0.578 0.627 0.681 -0.040 0.719 -0.089 1.00 
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The dependent variable recycling rate has a mean of 13.29 and a standard deviation of 

16.53. The minimum value is 0.4 for Romania (2007) and the maximum value is 66.7 for 

Germany (2015). The variable regarding the education level 0-2 according to ISCED has a 

mean of 28.42 and a standard deviation of 12.31. The minimum value of 12.4 is reached by 

Czech Republic for the years 2014, 2015 and 2016 and the maximum value of 71.4 is 

reached by Portugal in 2007. The variable regarding the upper secondary education has a 

mean of 47.48 and s standard deviation of 12.53. The minimum value is 16.6 for Portugal 

(2007 and 2008) and the maximum value is 72.2 for Czech Republic (2007). The variable 

university education, level 5-8 according to ISCED has a mean value of 24.08 and a 

standard deviation of 7.09. The minimum value is 9.9 and it is reached by Romania in 2007 

and the maximum value is 39.9 and it is reached by Luxemburg in 2014. For the variable 

lifelong learning the mean has a value of 17.61 and the standard deviation is 7.77. The 

minimum value of 6.6 is reached by Romania in 2015 and the maximum value is 38.3 for 

Denmark in 2014.  

For the control variables, we have the following statistical variation. The variable access to 

internet has a mean of 73.44 and a standard variation of 15.39. The minimum value is 25.0 

for Bulgaria (2008) and the maximum value of 97.0% is for Luxemburg (2015 and 2016), 

for Netherlands (2016) and Norway (2015 and 2016). The degree of urbanization has a 

mean of 41.20 and a standard deviation of 14.97. The minimum value is 13.0 for 

Luxemburg (2015) and the maximum value is 89.8 for Malta (2016). The variable living 

conditions, expressed through the number of rooms/ person for the living space, has a mean 

of 1.61 and a standard deviation of 0.39. The minimum value is 1.00 and it is reached by 

Bulgaria (2008), Latvia (2008-2010), Poland (2008-2011) and Romania (2008-2015). The 

maximum value 2.3 and it is reached by Belgium (2009, 2011, 2012, 2013 and 2015). The 

percentage of living costs from the total income has a mean of 10.19 and a standard 

deviation of 5.91. The minimum value is 1.1 for Malta (2015) and the maximum value is 

40.9 for Greece (2015). Regarding the gross domestic product per capita, expressed in 

thousand Euros, the mean value is 26.84 and the standard deviation is 18.36. The minimum 

value is 4.3 and it is reached by Bulgaria (2007) and the maximum value is 91.5 and it is 

reached by Luxemburg in 2015.   

The correlation matrix for the independent and the control variables can be observed in 

table no. 3. It can be observed that for the variables related to education, there is a strong 

correlation between the education level 0-2 and the education level 3-4 according to the 

ISCED standards (r=0.837) and a moderate correlation between the education levels 5-8 

and the lifelong learning (r=0.601). For the control variables there is a stronger correlation 

between the gross domestic product per capita and the living conditions (r=0.719).  
 

3.2. Results of the panel data analysis with random effect 

In order to test the hypothesis of the model, the panel data analysis with random effect has 

been applied. The results of the analysis can be observed in table no. 4 and table no. 5. 
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Table no. 4: Panel regression model for the dependent variable recycling rate  

of municipal waste 
Dependent variable: Recycling rate of waste (%) 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Education level 0-2 
-0.25* 

(-1.93) 
   

-9.76* 

(-1.70) 

Education level 3-4  
0.08 

(0.61) 
  

-9.54* 

(-1.66) 

Education level 5-8   
0.36* 

(1.90) 
 

-9.21 

(-1.60) 

Lifelong learning    
-0.53*** 

(-3.48) 

-0.62*** 

(-4.12) 

Internet access 
0.25*** 

(4.79) 

0.30*** 

(7.26) 

0.23*** 

(3.98) 

0.32*** 

(7.94) 

0.21*** 

(3.62) 

Living conditions 

(rooms/ pers) 

23.32*** 

(6.95) 

23.19*** 

(6.95) 

20.81*** 

(5.92) 

24.29*** 

(7.26) 

23.72*** 

(6.72) 

Living cost 
-0.26** 

(-2.15) 

-0.26** 

(-2.15) 

-0.25** 

(-2.08) 

-0.28** 

(-2.34) 

-0.28** 

(-2.36) 

Constant 
-14.33* 

(-1.93) 

-29.66*** 

(-3.00) 

-25.04*** 

(-4.71) 

-19.15*** 

(-3.48) 

944.5* 

(1.64) 

Random effect Yes Yes Yes Yes Yes 

Wald chi2 195.86*** 189.71*** 196.17*** 212.14*** 231.54*** 

R-sq 0.483 0.450 0.440 0.388 0.428 

rho 0.843 0.841 0.863 0.868 0.865 

Observations 237 237 237 237 237 

Note: * represents p< 0.1, **p<0.05, ***p<0.01; values between parentheses represent z-values 

 

Table no. 5: Panel regression model for the dependent variable recycling rate  

of municipal waste 
Dependent variable: Recycling rate of waste (%) 

 Model 6 Model 7 Model 8 Model 9 Model 10 

Education level 0-2 
-0.23 

(-1.57) 
 

-0.33** 

(-2.49) 
  

Education level 3-4      

Education level 5-8 
0.33* 

(1.65) 

0.47** 

(2.54) 
   

Lifelong learning 
-0.61*** 

(-4.04) 

-0.60*** 

(-3.93) 

-0.59*** 

(-3.88) 
  

Internet access 
0.20*** 

(3.51) 

0.22*** 

(4.02) 

0.25*** 

(4.98) 

0.30*** 

(6.62) 

0.31*** 

(7.36) 

Urbanization    
-0.043 

(-0.73) 
 

Living conditions 

(room/ pers) 

23.32*** 

(6.60) 

21.97*** 

(6.38) 

25.34*** 

(7.62) 

22.66*** 

(6.31) 

22.65*** 

(6.71) 

Living cost 
-0.26** 

(-2.17) 

-0.26** 

(-2.17) 

-0.27 

(-2.32) 

-0.25** 

(-1.97) 

-0.27** 

(-2.21) 

GDPPC    -0.007  
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Dependent variable: Recycling rate of waste (%) 

 Model 6 Model 7 Model 8 Model 9 Model 10 

(-0.08) 

Constant 
-8.99** 

(-1.09) 

-18.67*** 

(-3.40) 

-5.02 

(-0.64) 

-22.37*** 

(-3.89) 

-24.76*** 

(-4.66) 

Random effect Yes Yes Yes Yes Yes 

Wald chi2 226.89*** 224.19*** 222.37*** 188.71*** 190.23*** 

R-sq 0.433 0.395 0.441 0.453 0.432 

rho 0.862 0.876 0.858 0.818 0.857 

Observations 237 237 237 237 237 

Note: * represents p< 0.1, **p<0.05, ***p<0.01; values between parentheses represent z-values 

 

For the accuracy of the model and in order to eliminate alternative influences, the model 

has been tested with the help of several control variables. In a first step, we have checked 

the influence of the control variables on the dependent variable recycling rate of municipal 

waste in an economy. In table 5, model 9, there can be observed a first regression having 

five control variables as independents. The Wald-chi2 value for this model is 190.23, 

having p=0.000. A significant influence results from this model for the β coefficients of the 

variables internet access (β5=0.30, z=6.62, p=0.000), living conditions (β7= 22.66, z=6.31, 

p=0.000) and living cost (β8 = -0.25, z=-1.97, p=0.049). The variables degree of 

urbanization (β9=-0.043, z=-0.73, p=0.463) and gross domestic product per capita (β6=-

0.007, z=-0.08, p=0.936) didn’t have a sufficient significance in order to be considered for 

the following analysis. Therefore, the panel regression relation has been tested again with 

three variables and the results can be observed in model 10 (table 5). For model 10, both the 

Wald-chi2 value of 190.23 and the rho value of 0.857 are higher than those of model 9, 

proving a higher accuracy of model 10. Despite this result, the R-sq values decreases from 

0.453 in model 9, to 0.432 in model 10, showing that the two control variables degree of 

urbanization and GDPPC have a small non-linear influence on the dependent variable rate 

of recycling. For model 10, all β coefficients are significant and therefore we will have the 

control variables internet access (β5=0.31, z=7.36, p=0.000), living conditions (β7=22.65, 

z=6.71, p=0.000) and living costs (β8=-0.27, z=-2.21, p=0.027).   

In order to observe the ceteris paribus influence of each of the four independent variables, 

in models 1-4 we have tested panel regression models with one of the four independent 

variables for each relation and the three significant control variables. Table 4, model 1 

presents the results of the panel data model having the recycling rate as dependent variable 

and the percentage of people having only primary and lower secondary education as 

independent variable and the three control variables. The value Wald-chi2=195.86 

(p=0.000) and the value rho=0.843 show a high adequacy of the model. For the 

independent variable primary education, the coefficient β1 =-0.25 (p=0.053) is negative, 

showing an inverse relation between the two variables. Consequently, the higher is the 

percentage of people having only education level 0-2 according to ISCED, the lower is the 

recycling rate of municipal waste. In model 1, the control variables including the constant 

have similar values to those in model 10, all of them having p<0.055, proving that the 

model is robust. An increase of R-sq to 0.483 (in comparison to R-sq=0.432 in model 10) 

can also be observed, which shows an increase of influence on the dependent variable, 
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explained by adding the variable percentage of persons having only primary or lower 

secondary education.  

In model 2, the influence of the variable upper secondary education can be observed, level 

3-4 according to ISCED on the recycling rate of waste. Although the values Wald-

chi2=189.71 (p=0.000) and rho=0.841 show a high adequacy of the model, the significance 

of the β coefficient of the independent variable is low, having z=0.61 and p=0.540. Both the 

control variables and the constant have similar values to those of model 10 and they have 

significant β coefficients (p<0.032). The increase of the R-sq value to 0.450 (in comparison 

to R-sq=0.432 of model 10) shows an influence of this variable, but which is not quantified 

in this linear model.    

Model 3 presents the results of the panel data analysis for the recycling rate and the 

independent variable tertiary education. The value Wald-chi2=196.17 (p=0.000) and the 

value rho=0.863 show a high adequacy of this model. In the case of the independent 

variable tertiary education, there is a positive relation with the dependent variable recycling 

rate of waste, having β3=0.36 (z=1.90 and p=0.057). In this case, the β coefficient of the 

control variables and the constant have similar and significant values (p<0.038) too. 

Consequently, the higher is the number of persons having tertiary education, the higher is 

the recycling rate. For model 3, there can be observed an increase of the R-sq value to 

0.440, fact that confirms the influence of this variable.  

Model 4 presents the impact of the lifelong learning on the recycling rate of municipal 

waste. In table 4, it can be observed that Wald-chi2=212.14 (p=0.000) and rho=0.868 have 

the highest value compared to the models with only one independent variable, proving the 

significance of the model. In this model all β coefficients are significant, including the 

independent variable, the control variables and the constant, having all p<0.020. In spite of 

this, the value of the coefficient β4 =-0.53 (z=-3.48 and p=0.000) is negative suggesting that 

the higher is the rate of people participating in lifelong learning education, the lower is the 

recycling rate in that economy. There can be also observed that the value R-sq=0.388 for 

this model is lower compared to model 10, where R-sq=0.432. This shows that the variable 

has a negative influence on the recycling rate and that it even reduces the influence of the 

other variables.  

In model 5, a panel regression model has been tested with all independent and all three 

control variables. As it can be observed in table 4, this is a significant model having Wald-

chi2=231.54 (p=0.000) and rho=0.865, suggesting that the independent variables influence 

the dependent variable recycling rate. Despite this, the β coefficients of the independent 

variables don’t have the best values, which suggests that there are influences among the 

variables in this relation. Besides, the correlation matrix of the independent variables 

presented in table 3, shows a strong negative correlation between the education level 0-2 

and the education level 3-4 (r=-0.837), fact that can cancel the influence of the two 

variables. Between the variables tertiary education and lifelong learning there is also a 

moderate positive relation (r=0.601). The lower value R-sq=0.420 compared to model 10 

(R-sq=0.432) also suggests that the independent variables cancel each other’s influences on 

the dependent variable.   

Taking in consideration the fact that model 5 doesn’t have the highest significance, in table 

4b, in models 6-8, we have tested several combinations of the four independent variables. 

In model 6, a panel regression with three independent variables is presented, that doesn’t 
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include the upper secondary level, because of its low significance in models 1-4. This 

model with three independent variables has the values Wald-chi2=226.89 (p=0.000) and 

rho=0.862. The values of the β coefficients are similar to those of the other models, having 

a high significance for the lifelong learning (β4 =-0.61, z=-4.04 and p=0.000), a moderate 

significance for the tertiary education (β3 =-0.61, z=0.33 and p=0.099) and a weak 

significance for the primary and lower secondary education (β1 =-0.23, z=-1.57 and 

p=0.116).   

The panel regression with independent variables tertiary education and lifelong learning is 

presented in model 7. This model also has a high level of significance with Wald chi2 = 

224.19 (p=0.000), rho=0.876, and significant coefficients β for both variables (p<0.012) 

that keep similar values with those of other models. The lower value of R-sq=0.395 in 

comparison with that of model 10 can be influenced by the moderate correlation between 

the two variables. Model 8, with the independent variables level of primary and lower 

secondary education and lifelong learning, is also significant, with Wald chi2=222.37 

(p=0.000), rho=0.858, and significant β coefficients for both variables (p<0.014) that keep 

similar values with those of the other models. In this case the R-sq=0.441 is higher, proving 

the influence of the two variables on the recycling rate. 

Based on the analysis of the ten models presented above, we can conclude the following 

regarding the influence that the population’s level of education has on the recycling rate. 

The part of population with only primary and lower secondary education has a negative 

influence on the recycling rate, with values of β1 ϵ [-0.33;-0.23]. The lack of upper 

secondary, post-secondary and tertiary education doesn’t offer the population the necessary 

knowledge in order to become aware of the importance that recycling has for the 

development of the economy, therefore a high level of this category of population leads 

implicitly to a decrease of the recycling rate. Taking these into account we can state that 

hypothesis H1 has been confirmed. For the upper secondary, post-secondary non-tertiary 

education, no significant relation could be proven. In fact, including this variable in the 

panel regression (in model 5) has cancelled the influence of the other variables. Based on 

these results, we can affirm that hypothesis H2 regarding the influence that the 3-4 level of 

education according to ISCED has on the recycling rate is rejected. Results of this 

modelling prove that a high number of people with university education influences the 

recycling rate positively, with a β3 ϵ [0.33;0.47]. Thus, we can affirm that hypothesis H3 is 

confirmed and that tertiary education positively influences the recycling rate in an 

economy. In opposition with our expectations, lifelong learning has a negative influence on 

the recycling rate. The models presented in this article prove the existence of a correlation 

between the percentage of people that participate to lifelong learning and the recycling rate. 

This relation is proven to be negative, with negative values for coefficient β4 ϵ [-0.62;-

0.53]. The higher the number of people that engage in lifelong learning, the lower the 

recycling rate of municipal waste is. Given this result, we can state that hypothesis H4 is 

rejected. 

 

Conclusions  

The results of this research demonstrate that the population’s level of education has an 

influence on the recycling rate of municipal waste in an economy. Although a significant 

integrated model couldn’t be proven, that would encompass all levels of education in a 
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regression with recycling rate as dependent variable, the influence of different levels of 

education on this variable could still be demonstrated. As it was expected, in an economy, 

the lack of education influences the recycling rate negatively. A higher percentage of 

population with only primary and lower secondary education influences the rate of 

recycling negatively. This result is also confirmed by a research done by Arbues and 

Villanua (2016). Also, tertiary education has a positive influence on the recycling rate, fact 

confirmed also by the studies of Starr and Nicolson (2015) and Lopez-Mosquera, Lera-

López and Sánchez (2016). Both results confirm that education has a relevant role in 

understanding and becoming aware of the importance of recycling and of the circular 

economy for the development of a society. An interesting aspect is that while results of the 

research show that there is a correlation between the recycling rate and lifelong learning, 

this is however negative.  

One of the limitations of the research refers to the choice of the data. A first issue is the 

data regarding education, which refer to a general type of education, without analyzing its 

content. By analyzing its content, the education can favor or not the behavior of the 

population towards recycling. Secondly, relative and not absolute data have been 

considered in this analysis. On one hand these relative data expressed in percentages allow 

the comparison between the economies of different countries. On the other hand, they give 

equal values to variables for countries with different dimensions. Despite, the research has 

an important contribution to the literature, by pointing out the importance of education for a 

circular economy and implicitly for the development of the society in general. 

Starting from the obtained results, a first recommendation for the development of the 

circular economy is the increase of the education level of the population in general and the 

reduction of the number of persons having only primary and lower secondary education. 

According to the presented results, a decrease of the percentage of population, having only 

education level 0-2 according to ISCED, will have a positive influence on the recycling rate 

and on the development of the circular economy. A result we have expected, is the positive 

relation between the university education and the recycling rate. Starting from this result, a 

second recommendation is to keep and intensify this trend of increased awareness for the 

importance of the recycling process among students. This increased awareness among 

students can have a double effect: both at the level of the recycling behavior of the 

population having tertiary education and also at the level of political decision-makers, 

explained by the future positions with decision power for the actual students.    

An interesting result is that of the negative relation between the recycling rate and the 

lifelong learning. In order to change this relation into a positive one, our recommendation is 

to adapt its content in order to favor the recycling behavior. This change can be also done 

for other levels of education in order to have a long-time effect. Not less important is a 

permanent information of the population regarding the economic results obtained from the 

recycling process. As it has been observed, the control variable internet access has a 

significant influence on the recycling rate. For this reason, it is important to inform the 

population through different online and offline means of communication in order to 

increase the pro-recycling behavior.  

Besides all these elements, it is important to develop macroeconomic policies for the 

facilitation of pro-recycling behavior and for the development of a circular economy. But, 

of course, it is important to know the role of education in the recycling process and how it 

can support the development of a circular economy. Furthermore, educators should 
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consider a holistic approach, taking into account cognitive, emotional and spiritual aspects 

related to the environment. From a larger social perspective, an increased education level of 

the population will have positive effects on the development of the circular economy.  
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