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Abstract: Due to the increase of the amount of electrical and electronical equipment waste (e-waste), the
understanding of individual consumers’ main decision triggers represents a key point in increasing
the quantity of recycled e-waste. A series of studies from the literature have shown a positive
relationship between the consumers’ attitude, awareness, self-efficacy, social norms, and their e-waste
recycling intention, as well as the positive influence between the intention and the manifested behavior.
Additional to these determinants, in the present study, the influence of social media was analyzed
along with the actions taken by the government and nongovernmental organizations, with the
purpose to include and to capture, as much as possible, a high amount of determinants in the e-waste
recycling process. Nevertheless, the demographic or socio-economic variables, such as age, gender,
income, education, number of family members, etc., have shown over time to have a contribution
to predicting the consumers’ pro-recycling behavior. As on one side, in the research literature,
the opinions related to which of the demographic or socio-economic factors can have an impact
on the recycling behavior have been divided and, on another side, a series of researchers believe
that the discrepancies in the findings of different studies can be due to culture in various countries,
in this paper we conducted such an analysis with reference to the Romania’s case. The results have
shown that the demographic variables, such as age and gender, can have a contribution to predicting
residents’ pro-e-waste recycling behavior. Based on these findings, the policymakers can gain a better
understanding of the e-waste recycling phenomenon and on its main triggers, with results in creating
better policies for sustaining a proper e-waste managing system.

Keywords: e-waste recycling; consumers’ decisions; recycling behavioral intention; structural
equation modeling; Romania; social media influence

1. Introduction

E-waste (waste electrical and electronical equipment, WEEE) refers to any discarded products that
have a battery or a plug, and have ceased to represent value to their users or no longer satisfy their initial
purpose [1]. Various types of waste products can be included in the e-waste category, such as, but not
limited to: washing machines, dishwashers, air conditioners, refrigerators, microwaves, toasters, coffee
machines, appliances for toothbrushing, shaving, hair drying, laptops, personal computers, notebooks,
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telephones, cell phones, printers, electronical and electronic tools, leisure equipment, medical devices,
monitoring and control instruments, automatic dispensers, etc.

A high amount of e-waste is currently generated worldwide at an estimated annual growth
rate between 4% and 5%, and with an expected amount of more than 50 million tons in 2021 [2].
Blade et al. [3] determined that in 2016, Asia generated almost 40.7% of the global e-waste, followed
by Europe with 27.4% of the global waste, and America with 25.3%. Smaller percentages have
been brought by Africa (5%) and Oceania (1.6%). Regarding the percentage of collected e-waste,
Europe collected almost 35% of the e-waste generated in the countries, followed by America with 17%,
and Asia with 15%. Even in this case, Oceania collected a small amount, with a rate of 6%, while for
Africa, the numbers presented a 0% collected rate (representing in absolute value 0.004 million tons) [3].

Considering the numbers for Europe, according to Eurostat [4], in 2017 the recycling rate of e-waste
has been below 50% for most European countries, except for Estonia, Bulgaria, Iceland, Hungary,
and Austria, which passed the 50% e-waste recycling threshold, and Croatia and Liechtenstein, which
hit scores above 80%. The smallest e-waste recycling rates have been recorded in Greece, Lithuania,
and Poland. Figure 1 presents the recycling rate of the e-waste in 2017 only for the countries for which
this information was available on the database offered by Eurostat.
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Figure 1. Recycling rate of e-waste in Europe in 2017 (source: Eurostat [4]).

Regarding the volume of e-waste generated in the European Union, including Norway and
Switzerland, it is estimated that in 2020 it will reach 10,960,799 tons [5]. By categories (considering six
main categories) of e-waste, the highest value is being recorded for large equipment (3,656,468 tons)
and small equipment (3,392,044 tons). The temperature exchange equipment e-waste is estimated at
1,853,605 tons, while screens at 1,083,991 tones. Lower values are estimated for small IT (900,695 tons)
and lamps (73,996 tons) [5].

Not only does the weight or the quantity of the yearly generated e-waste represent a high level of
pressure for the environment and for the measures needed to be taken in order to properly recycle the
electronic products, but the damage that the e-waste produces in the environment is also significant.
From this point of view, even though globally the e-waste represents almost 5% of all municipal solid
waste [1], the toxicity brought to the environment by this type of waste is high, representing almost
70% of our overall toxic waste [6]. The environmental and health impacts of the e-waste have been
largely discussed in the research literature attached to this field [7-10]. Also, Shevchenko et al. [11]
underlined that more than 1000 different substances are included in the e-waste category, many of
them toxic to both human health and environment, while 70% of the cadmium and mercury present in
the USA’s landfills are from e-waste.
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In this context, the environmental and health protection is a key point in the current economy, and
measures should be taken for encouraging the e-waste recycling process as a part of the overall recycling
process. The need to have a clean environment is widely acknowledged in the scientific literature [12-14].
Moreover, extensive efforts have been made for the optimization of the environmental bioprocess on the
path towards a green economy [15]. Guidelines for adopting a circular economy are presented in [16].

Due to issues connected to the management system of the e-waste handling, households deal with
higher challenges in the recycling process of e-waste than companies [17-19]. Nevertheless, households
play an important role in participating to this process, and besides the awareness, attitude, responsibility,
self-efficacy, and other aspects that can contribute to individuals” intention of recycling the e-waste, the
occurrence of social media and of the actions taken by the government and NGOs (nongovernmental
organizations) might have a positive impact on the overall e-waste recycling process [20].

In January 2020, the penetration rate of the social media recorded high values for countries in
Eastern Asia (71%), Northern America (69%), Northern Europe, and Southern America (67%) [21].
Smaller penetration rates have been recorded for different parts of Africa (between 6%-39%),
contributing to a global social media penetration rate of 49% [21]. Considering the areas with
the highest e-waste production, it can be observed that these are also the areas in which social media
has succeed to penetrate at a higher rate.

As the topic of e-waste recycling is vast, a series of papers have addressed this problem in different
countries contexts such as: Brazil [22], Canada [23], China [24-28], Costa Rica [29], Ghana [30,31],
Greece [32], Hong Kong [24], India [33], Italy [34], Japan [26], Mexico [35,36], New Zealand [7],
Nigeria [19,37], South Korea [26], Sri Lanka [38], Taiwan [26,39], United Kingdom [40], United States [41],
Vietnam [42], etc., by studying various aspects related to the e-waste recycling process in the context of
the behavior of the consumers’ located in these areas.

Given the fact that, to the best of our knowledge, there is little evidence regarding the e-waste
determinants in the case of Romania, the current study aimed to analyze these determinants from
multiple points of view. In order to underline more the importance of the e-waste recycling process in
the context of Romania, it should be mentioned that even though efforts have been made in this direction
(as there are over 2000 collection points in commercial networks [43]), Romania is facing serious
problems regarding the e-waste management [43]. According to Pacesild et al. [43], the total amount of
electrical and electronic equipment was about 25-30 kg/capita in 2016, while the e-waste collected in
the same period was 1.6 kg/capita [44], lower than the European Union average of 8.9 kg/capita.

Projected data from Urban Mine Platform [45] for 2020 show that 12.81 kg/capita of waste will
be generated in Romania (higher than the 12.56 kg/capita in 2019), most of it belonging to large
equipment (4.53 kg/capita), small equipment (3.09 kg/capita), and temperature exchange equipment
(3.01 kg/capita), while small amounts come from small IT (0.59 kg/capita) and lamps (0.12 kg/capita).

In this context, the paper aimed to identify the main factors that can influence consumers’” behavior
towards e-waste recycling and to analyze whether some of the demographic and/or socio-economic
variables can have an effect on the e-waste recycling and intention.

The remainder of the paper is structured as follows: Section 2 provides a literature review on the
topic of e-waste and how different aspects related to it have been addressed in the scientific literature.
Section 3 presents the methodology associated to this study, highlighting the elements considered in
the questionnaire and stating the main hypotheses of the study. Section 4 provides the results gathered
through the use of the questionnaire and analysis of them in terms of demographic and socio-economic
variables. The paper ends with a concluding remarks section, in which the limitations of this study
are discussed.

2. Literature Review

The recorded population growth combined with the rapid changes and advances in technologies
has facilitated the increase of the waste generated worldwide [37,46-49], among which, e-waste plays
an important role due to the harmful effects on both environment and health.
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A broad range of research has been written in the area of e-waste recycling, addressing the issue
from different point of views. Wang et al. [50] underlined the fact that when e-waste recycling is done
with responsibility, it does not only reduce the quantity of waste that is disposed in landfills but it is
also a beneficial process in recovering the valuable materials, such as nonprecious metals (aluminum,
steel, copper, iron, etc.), precious metals (such as platinum, gold, silver, etc.), and plastic. In a recent
study, Vaccari et al. [51] conducted an overview study considering both the environmental pollution
and the health consequences, and showed that high levels of pollutants have been discovered in the
bodies of the persons living or working in the areas with informal e-waste treatment. The authors
have shown that not only the human health suffered from the informal working activity related to the
e-waste treatment, but even the soil, air, and water have been contaminated with heavy metals and
organic contaminants [51].

Arain et al. [52] showed in a recent work that the consumers’ behavior is critical in managing and
reducing the e-waste. In order to better shape the consumers’ behavior, the authors have conducted
a study in a university environment and have observed that lack of consumer knowledge about
products and disposal sites plays an important role in consumer decisions. Even more, the free access
to disposal and recycling facilities within a reasonable distance positively influences the consumers’
decision to participate in the recycling process [52]. Even more, recycling opportunities and reduced
distance to collection points have been named as underlying factors for e-waste recycling by [53-55].
Rousta et al. [54] have determined that a decreased distance to drop-off points resulted in improved
sorting of recyclables, while the missorted fraction depended on the proper information received by
the recycling persons.

Also, consumers’ awareness has been proved to have a direct relationship with the willingness
of e-waste recycling [56]. The role of households” awareness is underlined by Miner et al. [19],
who believed that a well informed and aware population can make better decisions related to handling
the e-waste. Along with the awareness manifested by the consumer, a pro-recycling attitude has been
determined to have a major contribution to the recycling behavior [40].

Intrinsic factors, such as personal and social norms and understanding the consequences of a
given behavior, are triggers for the peoples’ intention, having at the same time a mediated influence on
behavior [40,57].

The importance of the government and NGOs has been stated in [29]. The authors presented in
their work the steps followed in Costa Rica in order to develop a better e-waste management system
and the role played by different organizations in promotion and increasing the population awareness
regarding their responsibility in the e-waste management process [29]. Also, D’Adamo et al. [58],
focusing on end of life vehicles, have shown that it is important for carbon price to increase in order to
promote recycling.

By focusing on the e-waste recycling process and considering the presence of the online
environment and its influence on the e-waste recycling process, Wang et al. [59] explored the factors
influencing this process and identified that subjective norms, economic motivation, the level of income
and education, the perceived behavioral control, and behavioral attitudes affect the online recycling
intention in a positive manner.

With the development of social media, a series of studies have presented the role of consumers’
influence on these networks [60-65], proving that the social influence positively affects the people’s
behavior when adopting a pro-environment attitude [49,66]. Sujata et al. [20] analyzed in their study
the determinants of recycling intention behavior for the general public. Using a questionnaire approach,
the authors have observed a positive relation between attitude, social norms, self-efficacy, social media
usage, and recycling intention. Even more, the authors have considered the role of government
and NGOs from the recyclers’ perspective and have extracted the feelings the respondents had with
regard to the actions taken by the government and NGOs. As a result, it has been observed that the
recyclers’ intention and their opinion upon the NGOs activity influence the recycling behavior, while
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the moderating role of the government seemed not to be significant to the recycling behavior of the
consumers [20].

Considering a broad range of papers, Shevchenko et al. [11] have analyzed consumers’ recycling
behavior determinants by considering 27 papers written on different continents (Europe, America,
Asia, and Africa). Among the most listed determinant, one can highlight the awareness and knowledge
level, followed by convenience and economic incentives. Other determinants considered in the
selected studies are: gender, current habits, legislative norms and trustworthiness, mentality and
attitude, income, age, and educational level [11]. Piligrimiene et al. [67] have divided the factors
influencing the consumer engagement into two main categories: internal factors (environmental
attitude, perceived responsibility, perceived behavioral efficiency) and external factors (conditions for
sustainable conditions, social environment, and promotion of sustainable conditions).

Other areas of study related to the e-waste recycling process have addressed, but are not limited to:
stress and occupational noise exposure in the case of e-waste recycling workers [31,68], public awareness
regarding the informal sector’s involvement in managing e-waste [33], developing an e-waste sorting
methodology [69], the effect of macroeconomic and social factors on illegal e-waste trade [70], the link
between gross domestic product (GDP) and e-waste [71].

3. Material and Methods

3.1. Survey Design

Based on the papers mentioned above and by considering a series of other studies from a
broader range of papers referring to the general recycling process and the way humans actions can be
influenced (such as [72-81]), a 54-questions survey was generated. Due to the validation process of the
questionnaire, the number of questions was reduced due to low loadings as suggested by [20], with a
41-questions construction remaining after the validation. The questions included in the validated
construction are presented in Appendix A (Table Al). The main focus was to keep in the survey the
elements that seemed to have an influence on the e-waste recycling intention and on the behavior
associated to e-waste recycling.

For this purpose, the aspects considered in the case of consumers’ e-waste recycling process
were: attitude (AT), awareness (AW), self-efficacy (SE), responsibility (RESP), social norms (SN),
social influence (SI), social media (SM), government and NGOs’ actions (GNGO), recycling intention
(RI), convenience (CONYV), government measures (GM, compressing ideas related to the legislative
actions the government should make), and recycling behavior (RB)—Figure 2. The considered aspects
were inspired by the elements analyzed in various research papers written in the literature associated
with the consumer recycling behavior (as presented in the literature review section). All the questions in
these categories have been valuated using a 5-point Likert scale, with 1—strongly disagree, 2—disagree,
3—neutral, 4—agree, and 5—strongly agree [82].

Besides the questions associated with these categories, some demographic data were also extracted,
along with information related to ownership and knowledge of the e-waste products and the degree of
usage of social media platforms, time spent on these platforms, and the degree to which the respondent
can be influenced by the posts, videos, links, advertisements, and friends’ attitudes on these platforms.
These questions allowed the respondents to choose one or more option from a list of possible options
or asked the respondents to write their answers inside text fields.

3.2. Distribution

The questionnaire was created and hosted using Google Forms and was distributed through a
series of social media platforms. All the questions were marked as “mandatory” in order to submit the
form, assuring in this way that we were not faced with an empty data case.

The questionnaire was available for three weeks in the fall of 2019. No incentives were given for
participation. A number of 532 valid questionnaires were filled in.
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3.3. Data Analysis

Data gathered through the questionnaire were analyzed using IBM SPSS Amos version
22 [83]—Figure 3.

Descriptive statistics and analysis were run over the data set. The results obtained through this
analysis are presented in detail in the next section of the paper.
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Figure 2. The considered construction.

The questionnaire was validated through a confirmatory factor analysis [84]. This analysis
was conducted using IBM SPSS Amos 22. The unidimensionality, feasibility, convergent validity,
and similarity validity were considered in accordance with the recommendations [85] from the field.

The standardized regression weights were used in order to test the unidimensionality. For a
proper validation of the unidimensionality, all these factor loading values should exceed 0.5. In our
model, all the standardized regression weights were above this threshold, except for the one between
the self-efficacy and responsibility, which was close to this value, but slightly below, reaching 0.492.

Feasibility and convergent validity are tested through average variance extracted (AVE) and
construct reliability (CR). The used software does not offer the possibility to automatically compute the
values corresponding to these indicators. AVE and CR were manually computed using the formulas
in [84] and their associated values can be found in Table 1. As a general rule, the values recorded for
CR should be greater than 0.7 in order to suggest a good feasibility (other studies suggest that a value
between 0.6 and 0.7 is also acceptable [42,85]). Considering the values for the CR presented in Table 1,
it can be observed that all of them exceeded the imposed threshold value, even more, all the values
for the CR were above 0.7. Regarding the expected values for AVE, it is acknowledged that a value
above 0.5 proves a good convergent validity [42,85]. Values between 0.4 and 0.5 might also prove a
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good convergent validity if the associated CR values are above 0.6, according to [42,86]. In our case,
three of the twelve constructions considered had values for the AVE in the 0.4-0.5 range, while all
the others were hitting values above the imposed threshold of 0.5. Based on the research literature,
we could conclude that given the values obtained for AVE and CR, the feasibility and convergent
validity criterion were passed.

Figure 3. The individual components validation process.

The goodness of fit (GOF) measures were used for validating the construct similarity.
These measures are listed under the “model fit summary” section in IBM SPSS Amos. The fit
indexes can take values up to a maximum value of 1, being recommended to reach values above
0.9-0.95. In our case, the comparative fit index (CFI) reached a value of 0.922, which is considered
acceptable given the size of the sample, the high number of individual construction components, and
the number of questions.

Also, for a more in-depth analysis, it is recommended to check the values for the normed fit index
(NFI) [87], which in our case was 0.851. Even more, the values for relative fit index (RFI) [87] should
be considered, having in our case a value of 0.833. Last, the incremental fit index (IFI) [87] was 0.923,
which is considered adequate given the size of the model.
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Table 1. Standardized regression weights, average variance extracted (AVE), and construct reliability (CR).

AT

AW

SE

RESP

SN

SI

SM

GNGO CONV GM

RI

RB

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29

0.796
0.848
0.723
0.835

0.580
0.732
0.856
0.876

0.864
0.853
0.691

0.786
0.773

0.609
0.726
0.556

0.713
0.794
0.797

0.749
0.573
0.667
0.616

0.518
0.837
0.781
0.812

0.603
0.837

8 of 28
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Table 1. Cont.

AT AW SE RESP SN SI SM GNGO CONV GM RI RB

Q31 0.652

Q32 0.904

Q33 0.600

Q34 0.737

Q35 0.658

Q36 0.838
Q37 0.833
Q38 0.868
Q39 0.848
Q40 0.549
Q41 0.692
AVE  0.643 0.593 0.651 0.608 0.402 0.591 0.428 0.560 0.532 0.472 0.538  0.634
CR 0.928 0.906 0.907 0.846 0.763 0.884 0.829 0.892 0.787 0.750 0.884 0936

9 of 28
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Even more, Brown [87] and Byrne [88] recommended the use of the Tucker—Lewis index (TLI),
which should be around the value of 0.95. For our model, the Tucker-Lewis index was 0.912, also
acceptable considering the size of the model.

A root mean square error of approximation (RMSEA) below 0.06 signifies a good model fit
according to Hu and Bentler [89], Harrington [90], and Paswan [91]. In our case the RMSEA of 0.059 <
0.06, within the imposed threshold value. Even more, Paswan [91] recommended a threshold value of
0.085 for the LO90 and HI90 intervals. For the model under investigation, the LO90 was 0.054, while
HI90 was 0.064, being in the imposed range.

3.4. Hypotheses

Based on the literature presented in Section 2, the following hypotheses have been considered:
Hypothesis (H1): Attitude towards e-waste recycling positively affects consumers” e-waste recycling intention.
Hypothesis (H2): E-waste recycling awareness positively affects consumers’ e-waste recycling intention.
Hypothesis (H3): Self-efficacy positively affects consumers’ e-waste recycling intention.

Hypothesis (H4): Responsibility positively affects consumers’ e-waste recycling intention.
Hypothesis (H5): Social norms have a positive impact on e-waste recycling intention.
Hypothesis (H6): Social influence positively affects individuals” e-waste recycling intention.
Hypothesis (H7): Social media has a positive impact on individuals” e-waste recycling intention.

Hypothesis (H8): Government and NGOs’ actions positively contribute to consumers’ e-waste recycling
intention.

Hypothesis (H9): Recycling intention positively affects the recycling decision in the case of e-waste.
Hypothesis (H10): Government measures have a positive impact on consumers’ e-waste recycling decision.

Hypothesis (H11): Convenience positively affects the consumers’” e-waste recycling decision.

Convenience

The considered hypotheses are summarized in Figure 4.
Self-efficacy

Responsibility

H5
Social Norms
Social Media
Government
and NGOs

Figure 4. The hypotheses framework.

Intention

nnnnnnnnnn
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4. Case Study

4.1. Demographic and Socio-Economic Characteristics

The research focused both on the elements stated in the literature that might contribute to
consumers’ intention or decision to participate in the e-waste recycling, such as attitude, awareness,
self-efficacy, responsibility, social norms, and convenience, but also on the elements related to the
emergence of social media and the influence exerted among the consumers due to their online activity
and the actions made by the government and NGOs.

As the questionnaire was distributed to the online social platforms, it ensured that all the
respondents had access to social media platforms, therefore, none of the valid questionnaires had to
be removed from the completed questionnaire database. As a result, a number of 532 questionnaires
were validated and used for the analysis. The demographic and socio-economic characteristics of the
respondents are presented in Table 2.

Table 2. Demographic and socio-economic profile of respondents (n = 532 persons).

Demographic and Socio-Economic Variables Group/Components Frequency Percentage
Gender Female 317 59.59%
Male 215 40.41%
18-30 198 37.22%
Age 30-50 251 47.18%
>50 83 15.60%
Secondary education 157 29.51%
Educational level University 294 55.26%
Post-university 81 15.23%
Residential area Urban 385 72.37%
Rural 147 27.63%
Marital status Single 169 31.77%
Married 363 68.23%
Services 207 38.91%
Occupation Production 144 27.07%
Student 102 19.17%
Others 79 14.85%
1-2 persons 162 30.45%
Family size 3-4 persons 259 48.68%
>5 persons 111 20.87%
<500 € 130 24.44%
Income (per month) 5001000 € 327 61.46%
>1000 € 75 14.10%
Do not practice 112 21.05%
Number of years in e-waste recycling <1year 106 19.92%
1-3 years 223 41.92%

>3 years 91 17.11%
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Table 2. Cont.

Demographic and Socio-Economic Variables Group/Components Frequency Percentage
<lh 92 17.29%
Number of hours spent on social media 1-2h 154 28.95%
3-4h 271 50.94%
>5h 15 2.82%
Facebook 237 44.55%
Twitter 57 10.71%
Most frequently used social media Instagram 199 37.41%
LinkedIn 36 6.77%
Others 3 0.56%

Regarding the period of engagement in e-waste recycling, 21.05% marked that they had not
previously engaged in the e-waste recycling process, while the vast majority, 41.92%, were practicing it
for 1-3 years. A smaller number of respondents, 91 persons (17.11%), marked the fact that they were
engaged in the e-waste recycling for more than 3 years.

The use of social media was measured through the number of hours spent by the respondents on
various sites. The great majority of the respondents spent 3—4 h on social media (50.94%), while 28.95%
of the respondents spent 1-2 h. Among the most popular social networks, Facebook represented the
most used platform (44.55% of the respondents marking it as their most frequently used social media
platform), followed by Instagram (37.41%) and Twitter (10.71%).

4.2. E-Waste Behavior

The respondents’ behavior related to the e-waste products recycling is analyzed in the following.
Besides the answers to the questions presented in Appendix A, in this section, few other aspects will be
presented related to the degree to which the respondents know how to recognize the products that can
be included in the e-waste category, the level of ownership of these products, and how social media
influence is manifested in their case, namely how prone to be influenced by the opinions expressed by
other persons in these environments they are.

4.2.1. Attitude and Awareness of E-Waste Recycling

The items related to consumers’ attitude regarding the e-waste recycling have showed that,
in general, the respondents possessed a good opinion related to the whole e-waste recycling process.

It was observed that 74.06% of the respondents marked that e-waste recycling is a part of a
responsible citizen’s life, while only 8.27% disagreed or strongly disagreed with this idea, 17.67% having
no particular opinion on the subject—Figure 5.

A similar percentage, 76.88% of the respondents believed that a pro-environment behavior is
necessary given the current development conditions, while only 10.53% disagreed with this statement.

Regarding their own actions, 61.84% of the respondents believed that his/her own behavior
contributes a lot to a healthy environment, while 56.20% affirmed that they have a positive attitude
and that they feel good when they engage in the e-waste recycling.
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Figure 5. The distribution of the answers received for attitude.

As for the awareness, it was observed that a great part of the respondents knew that the electronic
products contain potentially toxic substances (76.32%) and that not recycling e-waste can cause
environment pollution (82.71%). Even more, 75.19% of the respondents were aware of the fact that the
way we manage e-waste can harm the human health. A lower percentage of respondents (47.93%)
were aware of the benefits e-waste recycling can have—Figure 6.

Awareness
350 307
(%]
£ 300 247 267
o< 250
S 200 159
Q.
§ 150 125137118 133 133
% 100 8270 72 =5 72
) 30 24 44
S 50 I 1816 . 16 I
0
| am aware of the | know that | know that not | know that the way
benefits recycling e- electronic products recycling e-waste we manage e-waste
waste has (Q5)  contain potentially can cause can harm human
toxic substances environment health (Q8)
(Q6) pollution (Q7)

Strongly disagree Disagree m Neutral ®Agree M Strongly agree

Figure 6. The distribution of the answers received for awareness.
4.2.2. Self-efficacy and Responsibility in the E-Waste Recycling Context

Self-efficacy, which reflects an individual’s perception regarding his/her ability to perform
e-waste-minimizing activities [92], has been measured through the answers received to three questions
related to the knowledge associated to the items that can be recycled, to the e-waste recycling
centers, and to the easiness to participate in the e-waste recycling activities. The vast majority of the
respondents marked “agree” or “strongly agree” on these questions, demonstrating a good self-efficacy
level—Table 3.
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As for the responsibility, 77.25% of the respondents felt responsible to take actions in order to
manage the level of e-waste they generate, while 71.79% of the respondents felt responsible for the
environment pollution due to e-waste generation—Table 3.

Table 3. Summary of the answers received for self-efficacy and responsibility.

. Strongly .
Issue Questions Disagree Disagree = Neutral Agree Strongly Agree
I know which are the items that 10 16 53 149 304
can be recycled in e-waste o o o o o
recycling process (Q9) (1.88%) (3.01%) (9.96%)  (28.01%) (57.14%)
SE I know where to take my 21 32 86 172 221
e-waste for recycling (Q10) (3.95%) (6.02%) (16.17%)  (32.33%) (41.54%)
I find it easy to participate in 20 30 89 178 215
the e-waste recycling o o o o o
activities (Q11) (3.76%) (5.64%) (16.73%)  (33.46%) (40.41%)
I feel responsible to take actions 12 18 91 170 157
in order to manage thelevelof -, 5o (35000 (17.11%)  (31.95%) (45.30%)
RESP e-waste I generate (Q12)
I feel responsible for the 16 16 117 157 296
environment pollutiondueto 5 110, (30190 (21.99%)  (29.51%) (42.48%)

e-waste generation (Q13)

4.2.3. Social Norms, Social Influence, and Social Media

Considering the three questions included in the social norms construction, it was observed that, on
average, only 23.12% of the respondents said that their family, friends, and other persons to whom they
are in contact expect them to engage in e-waste activities, while 31.58% have not expressed any opinion
regarding this aspect. The vast majority of respondents, 45.30% of the respondents, marked that their
friends, family, and acquaintances do not expect them to engage in e-waste recycling behavior.

As for the social influence, only 27.44% of the respondents marked that their family, friends, and/or
acquaintances talk to them about engaging into e-waste recycling activities, and 25.19% of respondents
said that their friends, families, and other people they interact would appreciate if they engage into
e-waste recycling activities. Even more, 32.14% of the respondents affirmed that the opinion of their
family, friends, and other people they interact with regarding e-waste recycling matters to them.

Social media influence was measured through the occurrence of links, discussions, commercials,
and videos in the respondents’ social media newsfeed—Figure 7. Comparing the answers received on
the four categories, it was observed that the highest occurrence was in the links category (40.04% of the
respondents marked that links related to e-waste appear in their newsfeed), followed by discussions
(33.46%) and commercials (32.33%). Videos represent the category with the smallest amount of
appearance, in only 24.06% of the cases.

Additionally, the degree to which the respondent can be influenced by the posts, videos, links,
advertisements, and friends’ attitudes on these platforms was extracted—29.14% of the respondents
marked that they can be influenced to a certain extent by other persons’ opinions and posts on social
media, while 32.71% affirmed that the videos, advertisements, and the links with information related
to the e-waste can make them change their opinion.
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Figure 7. The distribution of the answers received for Social Media.
4.2.4. Government and NGOs’ Actions vs. Government Measures

Regarding the government’s actions, the great majority of the respondents, representing 56.95%,
marked that they believe that a program made by the authorities in order to ease the e-waste recycling
process would be beneficial, while most of them said that they are not happy with the measures taken
by the government for encouraging e-waste collection (56.20%). Also, NGOs have been seen as the
main actors to encourage the e-waste collection process by 51.50% of the respondents.

As for the government’s measures, the opinions were split among the respondents as 31.58%
manifested no opinion, 34.40% thought that a series of specific laws and enforcements rules would be
beneficial, while the rest of 34.02% disagreed with the introduction of such measures.

4.2.5. Convenience

The need for e-waste recycling points was observed in the answers provided by 64.66% of the
respondents, while only 19.36% of the respondents affirmed that it is easy to find a curbside for
e-waste pick-ups.

4.2.6. Ownership and Knowledge of the E-Waste Products

The knowledge of the e-waste products was measured by asking the respondents to name some
of the electronic devices they have, along with the number of these devices. Based on the received
answers, it was observed that all the respondents had the needed knowledge related to identifying the
e-waste products, as each respondent named at least one category.

Regarding the ownership of e-waste products, 90.60% of the respondents named cell phones,
followed by television 85.53%, refrigerators 77.26%, computers and laptops 74.81%, kitchen products
50.94%, personal care devices 35.34%, other devices 14.47%.

4.2.7. E-Waste Recycling Intention and Recycling Behavior

Recycling intention was measured through the answers received to four questions as presented in
Figure 8. Considering the distribution of the answers, it can be observed that, in general, the respondents
manifested a good e-waste recycling intention, 63.16% of them saying that they plan on recycling
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e-waste even though it will not necessarily be easy, 40.79% plan to participate to e-waste recycling
activities advocated on social media, while 56.95% intend to buy electronic products that can be
easily recycled. A percentage of 58.08% plan to put more effort into the actions related to e-waste
recycling process.

Intention
237 231 228
@ 250 211
é 200 147
§_ 150 112 99 134 126
92

g 100 = - 83 = 81 75
S 50 22 I 25 I 26 I 28 I
o
Z 0

| plan on recycling | plan on I intend to put more  In the future |

more e-waste even participating to the effort into intend to buy

though it will not  recycling activities everything related electronic products
necessarily be too advocated in social to the recycling of that can be recycled
easy (Q32) media (Q33) electronic products (Q35)
(Q34)

Strongly disagree Disagree m Neutral mAgree M Strongly agree

Figure 8. The distribution of the answers received for e-waste recycling intention.

Regarding the recycling of different e-waste products categories, 46.43% of the respondents
mentioned that they have recycled information technology and telecommunications equipment, 41.35%
have recycled consumer equipment, 33.08% have recycled large household appliances, 26.69% have
recycled small household appliances, while light equipment has been recycled by 18.23%. E-waste not
listed in the above categories and included in “other” section has been recycled by 10.53%.

4.3. Structural Model’s Results

Based on the research hypotheses, the structural modelling was performed. Table 4 summarizes
the determined structural path coefficients and the decision taken with regard to each of the
formulated hypotheses.

Table 4. Structural path coefficients and hypotheses test results.

Hypotheses Relationship Structural Path Coefficients Decision
H1 Attitude -> Intention 0.277 *** Supported
H2 Awareness -> Intention 0.202 ** Supported
H3 Self-efficacy -> Intention 0.121 ** Supported
H4 Responsibility -> Intention 0.083 ** Supported
H5 Social norms -> Intention 0.075 * Supported
Hé6 Social influence -> Intention 0.102 *** Supported
H7 Social media -> Intention 0.071 ** Supported
HS8 Government and NGOs -> Intention 0.024 * Supported
H9 Intention -> Behavior 0.608 ** Supported

H10 Government measures -> Behavior 0.057 * Supported
H11 Convenience -> Behavior 0.026 * Supported

Note: * p <0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.



Sustainability 2020, 12, 2753 17 of 28

From the data listed in Table 4 it can be seen that all of the hypotheses were supported, but at
different levels of significance. Considering the data, it was observed that the factors with significant
influence on the e-waste recycling intention were the consumers’ attitude and awareness, followed
by self-efficacy and social influences. Referring to other studies in the field, the result achieved for
the attitude effects on intention was expected [20,37,42,79,93]. Also, self-efficacy has been proved in
previous studies to have a direct positive influence on consumers’ recycling behavior, therefore the
outcome has been in line with previous findings from the research literature [20,42]. As for the social
influence, Nguyen et al. [42] considered a similar construction named “social pressure” which has
been proven to have positive impact on the recycling intention.

Social media, social norms, and responsibility scored positive, but small values in comparison
with other factors considered in the model. These findings are in line with the ones provided by Sujata
et al. [20] in their study, which underlined the fact that social media appeared to be a weak predictor
of intention.

Last, government and NGOs’ actions seems to have little influence on consumers’ intention to
recycle, this being a possible consequence of the reduced activity carried on by these organizations.

As for the elements influencing the consumers’ behavior to engage in e-waste recycling processes,
the main trigger was found to be the e-waste recycling intention. The results obtained a high level
of significance. Even in this case the results were consistent with past studies from the research
literature [20,94-96]. Government measures seemed to have a small direct positive effect on the
recycling decision, while convenience exerted even a smaller effect.

4.4. Contribution of Demographic Variables

Demographic or socio-economic variables have shown over the time to have a contribution to
predicting the consumers’ pro-recycling behavior. The opinions related to which of the demographic
or socio-economic factors have an impact on the recycling behavior have been divided in the literature.

For example, age was one of the most discussed aspects for which no mutual agreement has been
reached. A series of researchers believed that age has a contribution to recycling [77,97-102], most of
them underlying the fact that seniors are more prone to recycling actions, while others did not find any
connection between recycling and age [42,103-105].

Gender was another demographic variable considered in the research literature. While most of
the researchers found a connection between gender and recycling, stating that women showed more
readiness to recycle than men [42,102,106,107], there are also studies proving the contrary [105,108,109].
Even more, Darby and Obara [110] found that for US consumers, men were more likely to visit the
CA sites, while Arcury et al. [111] suggested that women are usually associated to this process as
traditionally they play an important role in every household’s domestic activities.

Other demographic and socio-economic variables considered to influence the recycling decisions
have been: education level [77,102,112], family size [77,107,112,113], income [77,98,103,110,112,113],
ethnicity [107,114], and residence type [115].

Additionally, Husmann et al. [116] believed that the discrepancies in the findings of different
studies can be due to culture in various countries.

As a result, in the present study we considered all the demographic and socio-economic variables
extracted through the questionnaire. After running the structural equations analysis, differences were
found among different categories based on only gender and age. These differences are presented and
discussed below.

4.4.1. Gender Contribution

The relationship between attitude, awareness, self-efficacy, social influence, and social media
seems to have a significant positive impact on e-waste recycling intention for both male and female
respondents—Table 5. Compared to females, males showed a higher effect of awareness and self-efficacy
on the intention, while females” attitude had a higher effect on intention. Social media influence was



Sustainability 2020, 12, 2753 18 of 28

slightly higher in the case of female respondents, while social influence seemed to have a higher
influence in the case of the male respondents.

Also, responsibility and social norms were significant only in the case of females, while the
government and NGOs’ actions seemed to be significant in the case of the male persons.

Regarding the e-waste recycling behavior, intention was the main trigger in the case of both male
and female participants in the study, with higher values scored in the case of men. At the same time,
convenience and government measures scored positive for the e-waste recycling behavior only in the
case of male respondents.

Table 5. Structural path coefficients and hypotheses test results based on gender.

Structural Path Coefficients

Hypotheses Relationship Significance
Female Male
H1 Attitude -> Intention 0.307 *** 0.261 ** Both
H2 Awareness -> Intention 0.147 * 0.198 ** Both
H3 Self-efficacy -> Intention 0.063 * 0.156 *** Both
H4 Responsibility -> Intention 0.104 ** 0.031 Female
H5 Social norms -> Intention 0.095 * 0.061 Female
Hé6 Social influence -> Intention 0.098 ** 0.087 ** Both
H7 Social media -> Intention 0.064 ** 0.070 * Both
HS8 Government and NGOs -> Intention 0.011 0.032* Male
H9 Intention -> Behavior 0.549 ** 0.606 *** Both
H10 Government measures -> Behavior 0.029 0.063 ** Male
H11 Convenience -> Behavior 0.014 0.057 * Male

Note: *p < 0.05, ** p < 0.01, ** p < 0.001.

4.42. Age Contribution

Based on age, it was observed that all the three considered categories (<30; 30-50; >50) manifested
an effect of attitude, awareness, and social influence on the e-waste recycling behavior—Table 6.
Higher values were reported for the “30-50" category in terms of the influence of awareness on e-waste
recycling intention when compared to the other two age categories.

Responsibility and social norms were important factors in e-waste recycling behavior for persons
in the “30-50” and “>50" age categories, while social media influence manifested more in the cases
of the “<30” and “30-50" categories. Also, the government and NGOs’ actions seemed to have an
influence in the case of the persons in the “<30” category.

The influence of intention on e-waste recycling behavior was observed in all the three categories
under investigation, with high values in the case of “>50" category. Even more, the government
measures seemed to have an effect on the recycling decision only in the case of the “>50" category,
while convenience scored relevant values for the recycling behavior in the case of the “30-50" category.
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Table 6. Structural path coefficients and hypotheses test results based on age.

Structural Path Coefficients

Hypotheses Relationship Significance
<30 30-50 >50

H1 Attitude -> Intention 0.251* 0284 **  0.265* All

H2 Awareness -> Intention 0.174 ** 0.222 * 0.180 * All

H3 Self-efficacy -> Intention 0.147 * 0.104 0.087 <30
H4 Responsibility -> Intention 0.033 0.091*  0.102* 30-50; =50
H5 Social norms -> Intention 0.062 0.094 ** 0.091 * 30-50; >50
Hé6 Social influence -> Intention 0.134 ***  0.097 ** 0.083 * All
H7 Social media -> Intention 0.088 ***  0.064 * 0.049 <30; 30-50
HS8 Government and NGOs -> Intention 0.042 * 0.011 0.008 <30
H9 Intention -> Behavior 0.583 ** 0.596 **  (0.611 *** All
H10 Government measures -> Behavior 0.040 0.063 0.059 * >50
H11 Convenience -> Behavior 0.019 0.031 * 0.024 30-50

Note: *p < 0.05, ** p < 0.01, ** p < 0.001.

5. Conclusions

The present paper tried to model the potential influence of various determinants on e-waste
recycling intention and behavior. The need for this study exists both in the context of highly generated
amounts of e-waste every year, but also due to the different influences the determinant factors can
have over the decision variables.

The study focused on some of the elements already stated in the literature as main determinants
for the e-waste recycling intention and decisions, while adding some new factors that emerged from
the occurrence and high use of the social media environments. Also, the activity conducted by the
government was captured by splitting the activity made by the organization into actions and measures.
While government actions have been assumed to influence the consumers’ e-waste recycling intention,
the government measures have been assumed to have a direct impact on the consumers’ final behavior
in relation with the recycling decision. Beside the government, the actions carried on the by the NGOs
have been assumed to have an impact on the e-waste recycling intention.

For capturing all the dimensions related to the determinant factors, a questionnaire was created
and validated. A structural equation model was used for analyzing this complex situation.

Even more, the demographic and socio-economic variables were analyzed as, in the research
literature, there was no common ground regarding their influence on the e-waste recycling behavior.

Among the findings, the positive effect of all the considered variables on the e-waste recycling
intention can be underlined. The analysis revealed that attitude and awareness towards e-waste
recycling were the primary influencing factors for the intention to recycle, which underlines more the
need for campaigns that contribute to increasing people’s understanding over the harmful influence
on environmental and human health.

Also, the self-efficacy and social influence have a contribution to the e-waste recycling intention,
which makes us believe that the campaigns must be designed based on an educative ground that will
make consumers better understand which are the items to be recycled and what are the needed steps to
be taken for recycling, making this process as easy as possible. As for the social influence, the increase
in knowledge related to this phenomenon might enhance the diffusion system of information among
various participants to the economic life, including families, friends, and acquaintances, with a direct
result on the increase in e-waste recycling intention.

Even other determinant factors that scored positive but smaller values, such as social media and
social norms, can make their contribution through a proper communication program related to the
e-waste recycling process. Considering the high amount of time spent on social media, some campaigns
designed especially for diffusion in this environment can encourage consumers’ to participate in the
recycling process.
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Boosting the consumers” intention has been proven to have a direct and positive impact on their
e-waste recycling behavior. Government measures and convenience scored lesser, but positive, scores,
which shows that there is still a place for changes in these determinant factors.

Nevertheless, the analysis provided, featuring the gender and age demographic variables’
contribution to boosting the recycling intention and decision, has showed that a more in-depth analysis
can provide additional information related to the determinant factors for each of the considered
categories. Even though the main determinants have remained the same among the selected categories,
the secondary determinant factors can offer more insight to the policy-makers on the channels they can
use and the actions they can take in order to boost the e-waste recycling behavior.

The study has its limitations, given by the size of the sample, the fact that it only contained
respondents that used social media, and by the specificity, as it applied to Romanian citizens.

In order to better shape the interactions among the consumers, the study was aimed to be extended
by including the results gathered from the questionnaire in an agent-based model. By creating
intelligent agents that act similarly to real persons engaged in the recycling process, the behavior
of the consumers can be better analyzed and the outcome can be more easily observed when little
changes are made to the input variables. Also, combined effects can be easier to observe in an
agent-based environment.
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