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Abstract

This literature research paper focuses on human factors related to electronic waste (e-
waste). From an analysis of the two last decades of academic literature on e-waste, a list of
variables emerges as a convenient way to identify concerns and topics judged relevant,
namely: awareness, attitudes and behaviors, incentives and deterrents, and mobile phone
disposal motives. From this first global panorama of research conducted in 17 countries, the
authors suggest paying more specific attention to the factors leading to the intention to
dispose of mobile phones in respect of the environment and propose a predictive
framework to better understand the process. The framework is based on the theory of
planned behavior and augmented by background factors, namely culture, since the situation
is different in each country. This study is the first step in a wider research endeavor that will
include an empirical validation of the framework for a better understanding of the forces
engaged in the context of mobile phone disposal, which is, at least in universities, a major
aspect of e-waste.
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Introduction

Environmental pollution is becoming a
high-priority concern, as it threatens the
natural resources of many countries. The
following principle was declared at the
United Nations Conference on the Human
Environment, also known as the Stockholm
Conference, in 1972: “Man has the
fundamental right to freedom, equality and
adequate conditions of life, in an
environment of a quality that permits a life
of dignity and well-being” (United Nations,
1972). The Declaration accepts that
environmental protection is a pre-
condition to  the enjoyment of
internationally guaranteed human rights
(Oncel & Tzanakis, 2018). The European
Union (EU) has another important set of
environmental standards. Article 191 of the
Treaty on the Functioning of the European
Union states that “Union policy on the
environment shall contribute to pursuit of
the following objectives: (a) preserving,
protecting and improving the quality of the
environment, (b) protecting human health,
(c) prudent and rational utilization of
natural resources, (d) promoting measures
at international level to deal with regional
or worldwide environmental problems,
and in particular combating climate
change” (European Commission, 2020).
The second principle of the Stockholm
Conference states that “The natural
resources of the earth, including the air,
water, land, flora and fauna and especially
representative  samples of  natural
ecosystems, must be safeguarded for the
benefit of present and future generations
through careful planning or management,
as appropriate” (UN Framework
Convention on Climate Change [UNFCCC],
2018).

In this context, electronic waste (e-waste)
pollution is expected to play an important
role in the ecosystem and to highlight the
need for responsible technology (Jirotka &
Stahl, 2020). The main types of pollution
are air, soil, water, noise and light
pollution. E-waste is an emerging type of
pollutant, defined as the various forms of

electrical and electronic material that have
stopped being of value to their users or no
longer satisfy their original purpose. EU
directives classify e-waste into 10
categories (Gill, 2010). Waste electrical and
electronic equipment (WEEE) is defined as
a mixture of materials and components
that originated from mobile phones,
computers and many more types of
electronic equipment (Zhang, 2011). The
first WEEE Directive (Directive
2002/96/EC) entered into force on
February 13, 2003 (European Commission,
2003), but the European Commission later
proposed revising the Directive in order to
tackle the fast-increasing waste stream.
WEEE Directive 2012/19/EU entered into
force on August 13, 2012 and has been
considered operative since February 2014
(European Commission, 2012). It should
also be noted that China had established
different types of policy, starting in 2000,
as  preliminary steps before the
Chinese WEEE Directive came into force in
January 2011 (China State Council, 2011).

This paper provides a panorama of the
most important research conducted during
the two last decades on e-waste and its
disposal in order to identify the main
human factors related to e-waste and
recycling and, more specifically, those
relative to mobile phones. A number of
variables were found to influence the
process: awareness, actual motives for
change and disposal method, attitudes and
other factors potentially explaining the
intention to recycle, and incentives and
deterrents to recycling. The role of culture
is also mentioned, as well as other personal
background factors. In order to provide a
global view of these variables, a framework
is proposed to identify and integrate the
approaches and findings of the research.
This framework will be tested empirically
in a second phase of this research.

Robinson et al. (2018) focus on the Higher
Education sector as an important source of
interest in terms of a population of
thousands of millions of people, economic
impacts and social influence. This is why
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this research has a bias toward studying
students, as a relevant group of
participants in this micro-society who
share characteristics of interest and
behavior. Ramzan et al. (2019) further
suggest that young consumers are
representative of future society, as they are
considered to be a technology-driven
generation.

Literature Review of Research on
Human Factors Relative to Recycling

Background Factors

Many factors are described in the e-waste
literature of recycling motives, methods,
incentives and deterrents. This section
presents these variables as they have the

potential to affect people’s intentions and
consequent behavior.

Mobile Phone Disposal Methods

Li et al. (2012) conducted a study among
100 students at Hebei University, of which
22% reported replacing their phone at
least once per year. A study of 2287
students from five UK universities carried
out by Ongondo and Williams (2011)
reported that one third of the students also
change their phone at least once a year.
Most of the studies report responsible
behavior with regard to the environment,
since respondents either keep, donate or
dispose of their phones through recycling
or exchange, except for a relatively low
percentage of disposal with mixed waste,
as can be seen in Table 1.

Table 1: Mobile phone disposal methods

Method

Author

Stock home (keep for
storage or other

Arain et al, 2020 (25%); Bai et al, 2018 (79%); Borthakur & Singh,
2020 (50%); Cai et al., 2020 (54%); Damke et al., 2018 (49%); Li et al,,

usage) 2012 (64%); Ongondo & Williams, 2011; Priya & Christo Frenny, 2018
(489%); Ramzan et al,, 2019 (57%); Yin et al,, 2014 (47%); Yli-Mella et
al, 2015

Given to a Arain et al, 2020 (42%); Bai et al, 2018 (36%); Borthakur & Singh,

relative/friend 2020 (45%); Cai et al, 2020 (7%); Damke et al, 2018 (25%); Li et al,,

2020 (20%); Ongondo & Williams, 2011; Xu et al,, 2014; Yla-Mella et
al, 2015

Sold as second-hand

Arain et al,, 2020 (119%); Bai et al, 2018 (8.5%); Borthakur & Singh,
2020 (30%)]); Cai et al,, 2020 (15%); Xu et al, 2014; Ying et al, 2014
(12.5%); Yli-Mella et al,, 2015

Sold or exchanged to
a mobile phone dealer

Arain et al,, 2020 (9%); Bai et al., 2018 (7%); Borthakur & Singh, 2020
(289%); Cai et al., 2020 (6%); Damke et al, 2018 (15%); Ramzan et al,,
2019 (22%); Xu et al, 2014; Ying et al,, 2014 (6.5%); Yla-Mella et al,,
2015

Donated to charity

Bai etal.,, 2018; Li etal., 2020 (40%); Ongondo & Williams, 2011

Repaired and donated

Chen & Yee, 2011; Ying et al., 2014 (24%)

Disposed of with
mixed waste

Arain et al, 2020 (25%); Cai et al, 2020 (7%); Priya & Christo Frenny,
2018 (49%); Xu et al, 2014; Ying et al., 2014 (7%); Yld-Mella et al,,
2015

Sold to an informal
recycler

Ramzan etal., 2019 (18%)

Taken to a recycling
center

Ongondo & Williams, 2011; Priya & Christo Frenny, 2018 (22%); Xu et
al., 2014; Yla-Mella et al,, 2015

Motives for Changing Phones

[t is important to gain a better
understanding of the factors that guide
people in their actions and the influences
that prevail in their intention to recycle. An

examination of the motives for changing
phones reveals that these factors are
mostly functional, rather than related to
consumerism alone, as can be seen in Table
2.
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Table 2: Motives for changing phones

Reason for Author
changing/replacing
Broken Bai et al, 2018 (38%); Cai et al, 2020 (42%); Chen & Lee,

2011; Damke et al, 2018 (54%); Li et al, 2020 (66%);
Ongondo & Williams, 2011; Xu et al, 2014; Yla-Mella et al.,
2015

Poor function

Bai et al, 2018 (45%); Damke et al, 2018 (23%); Li et al,
2020 (41%); Yli-Mella et al,, 2015

Stolen Li et al,, 2020 (37%)

0ld style Bai et al,, 2018 (9%); Damke et al,, 2018 (15%); Li et al, 2020
(32%); Ongondo & Williams, 2011; Xu etal., 2014

Lost Bai et al., 2018 (6%); Damke et al., 2018 (5%)

Cannot upgrade

Bai et al., 2018; Cai et al,, 2020 (50%); Chen & Lee, 2011

Network operator or provider
contract
replacement/upgrade

Ongondo & Williams, 2011; Xu et al, 2014; Yla-Mella et al,
2015

Newer product is cheap

Chen & Lee, 2011

Longer battery life

Ongondo & Williams, 2011

More image and music storage

Ongondo & Williams, 2011

Motives and Incentives to Recycle

Yla-Mella et al. (2015) report that the main
motives for recycling that are related to the
environment are resource efficiency,
environmental protection, health issues

and economic value (i.e., the compensation
given for a phone); this is perhaps because
the students are not rich, but
compensations of many types are stronger
motivators mentioned in the literature.
Incentives to recycle are presented in Table

3.

Table 3: Types of incentives to recycle

Cash, voucher or amenities
(e.g., free SNMS or
downloads)

Arain etal,, 2020; Chen & Yee, 2011; Li et al,, 2020 (81%);
Ongondo & Williams, 2011

Air time

Li etal, 2020 (58%); Ongondo & Williams, 2011

Data service

Lietal, 2020 (81%)

Collecting price

Chen & Yee, 2011; Ongondo & Williams, 2011; Quetal., 2019

Compensation mode
cash vs coupon)

(eg.

Bai etal, 2018; Quetal, 2019

Data safety insurance

Bai etal.,, 2018; Quetal., 2019

Trust in the recycling party

Baietal,, 2018

Prize draw

Li etal, 2020 (17%); Ongondo & Williams, 2011

Deterrents to Recycling

Many factors are mentioned as deterrents to recycling in several studies, as summarized in

Table 4.
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Table 4: Deterrents

Fear of information leakage

Ongondo & Williams, 2011; Qu et al., 2019; Ramzan et al.,
2019 (11%); Xu et al,, 2014

Low awareness and low

Bai et al, 2018; Ramzan et al, 2019 (21%); Yla-Mella et al,,

information of channels 2015

of a phone

Not knowing how to dispose | Ongondo & Williams, 2011; Qu etal., 2019

it

Do not see the importance of | Chen & Yee, 2011

Absence of laws/regulations

Ramzan etal.,, 2019 (8%); Xu et al, 2014

awareness

Weak environmental | Xuetal., 2014

Low collecting price

Quetal, 2019

Fees to pay for disposal

Bai etal,, 2018; Cai et al, 2020; Damke et al, 2018

Inconvenience

Qu et al, 2019; Ramzan et al, 2019 (16%); Xu etal, 2014

Collecting
distance/convenience

Bai et al, 2018; Ongondo & Williams, 2011; Qu et al, 2019;
Yla-Mella et al,, 2015

recycling channels

Lack of knowledge of | Baietal, 2018; Yla-Mellaetal, 2015

Indifference

Quetal, 2019

Do not think it has any value

Ongondo & Williams, 2011

Other specified

Quetal, 2019

Demographics

Many studies report on differences observed in relation to demographic variables, as

summarized in Table 5.

Table 5: Demographic variables

Gender (women are more concerned)

Favot & Grassetti, 2017

sensitive)

Age (younger people are less informed and | Nnorom etal,, 2009; Saphores et al.,, 2006

toward paying)

Revenue (wealthier people are positive | Caietal., 2020; Nnorom etal., 2009

Cultural and Psychological Factors

Knowledge, Awareness and Perceived
Usefulness

Sadik et al. (2017) focused on aspects of
awareness in carrying out a survey among
students from three different cities in
Bangladesh in order to learn about their
awareness of e-waste management. The
researchers gathered questionnaires from
1055 students of classes 10 to 12 and from
first- and second-year university students
in the age group of 16-22. The survey
results showed that the students
concerned were not aware of or concerned
about e-waste and managed it like ordinary
waste.

Yla-Mella et al. (2015) focused on
consumers’ awareness of mobile phone
waste management in the city of Oulu in
Finland, which has a population of over
200,000. The survey aimed to examine
recycling behavior and awareness. One of
the findings was that the respondents to
the survey stated they had knowledge of
WEEE but only half of them respected it.
Nnorom et al. (2009) carried out a survey
with 1000 pedestrians near a Nigerian
university to study the respondents’
willingness to pay extra (10%, 20% or
more) in consideration of the environment
and found that willingness grew with age,
revenue and awareness and concern about
the deterioration of the environment. In a
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study of 137 students in Portugal, Marques
and da Silva (2017) found that 40% were
aware of e-waste, 35% were careful and
66% were aware of the consequences in
terms of natural resources and
environment; 75% ignored the law,
although 35% knew about an eco-tax; and
81% ignored the national entity charged
with the management and disposal of e-
waste.

Analyzing data from a survey collected
from 850 students from high-ranking
educational institutions in China, Ramzan
et al. (2019) reported that students had no
(20%) or low (61%) awareness of e-waste
and no (30%) or low (56%) awareness of
recycling; 40% had never or only a little
(53%) participated in recycling in the past;
66% had no idea of the relevant laws, while
23% had only a low awareness; and 42%
ignored recycling programs and 55% had
only a low awareness of the initiatives. In
another study conducted in China, a survey
of 474 families living in a city reported that
76% of the respondents were aware of the
threat to the environment due to the
improper processing of e-waste, although
only 38% were willing to pay a fee (Cai et
al.,, 2020).

A study of 430 consumers in a Brazilian
city reported that a majority of the

respondents were not aware of the law
regulating electronic devices due to a lack
of advertising, 72% were not aware of the
law enforcing the recycling of mobile
phones, although 71% knew they contain
toxic substances (Damke et al., 2018).

A survey of 150 students at an IT college
conducted by Chen and Yee (2011) in
Malaysia found the following results: one
third of the respondents knew of the
existence of collectors; around one third
had no idea about e-waste, while 55% had
little awareness and only 11% had a clear
understanding; and one third did not see
the importance of recycling. These results
indicate a lack of awareness of recycling
and its importance.

Culture

An examination of the relevant literature
shows that research on e-waste has been
conducted all over the world and on all
continents. The classification of articles
focusing on the human aspects of mobile
phones more specifically reveals that these
studies were carried out in at least 17
countries, with China leading in terms of
the quantity of publications, as seen in
Table 6.

Table 6: Distribution of articles by origin of the data

Australia Davis & Herat, 2010

Bangladesh Sadik et al., 2017

Brazil Damke et al, 2018

China Bai et al, 2018; Cai et al, 2020; Cheng et al., 2020; Li et al, 2012; Liang &
Sharp, 2016; Qu et al, 2019; Ramzan et al, 2019; Xu et al, 2014; Yin et al,,
2014

Finland Yla-Mella et al., 2015

India Borthakur & Singh, 2020; Priya & Christo Frenny, 2018

Iran Mirgerami et al., 2018

Italy Favot & Grassetti, 2017

Laos Liang & Sharp, 2016

Malaysia Ahmad & Nordin, 2014; Chen & Yee, 2011)

Nigeria Nnorom et al., 2009

Poland Nowakowski, 2016

Portugal Marques & da Silva, 2017

Romania Delcea et al., 2020

Thailand Liang & Sharp, 2016

UK Ongondo et al,, 2011; Pierron et al.,, 2017

USA Arain et al,, 2020; Saphores, 2006
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Convenience (Ease of Disposal)

Following a mail survey of 3000 Californian
households, Saphores et al. (2006)
reported that older people were concerned
with the convenience of disposal and that
the availability of collectors was a
prerequisite to any action. A survey
addressed to councils in Australia revealed
that the lack of disposal facilities was one
of the main constraints to e-waste
management, that the public lacked
awareness, the cost of disposal should be
directed to consumers, and that a law
should be adopted to deal with that
concern (Davis & Herat, 2010). In a study
covering 7 years of data from 20 regions in
[taly, Favot and Grassetti (2017) concluded
that the presence of collecting points is a
crucial factor in explaining the collection of
e-waste.

Knowledge of how to recycle is also
important. Arain et al. (2020) distributed a
questionnaire to staff and students at a US
university and received 1560 responses.
They found that 44% of the respondents
never recycle (80% of them claimed they
did not know where and how); that
convenience of disposal (87%) and

knowledge were critical to explaining
respondents’ behavior; and that low cost
would encourage them to recycle but 85%
would prefer a reward.

In a study conducted by Borthakur and
Singh (2020) in New Delhi with 334
students, 69% pretended to be willing to
recycle but 88% did not know how. In Iran,
Mirgerami et al. (2018) found that mobile
phones were among the electronic devices
most frequently sent as waste, in a study
that concluded the need for waste
processing infrastructure in the country.

Laws and Rules as Sources of Control
Belief

As an example of the diversity of
approaches due to country and culture,
Liang and Sharp (2016) administered a
survey in three countries (Thailand, Laos
and China) to two subgroups (retailers and

consumers) and interviewed members of
three other subgroups (manufacturers, e-
waste recyclers and policy makers). They
gathered information on policies, which
they measured using the knowledge of the
respondents of e-waste laws, their
willingness to comply, and concern about
the environment and how to improve its
condition.  They  found  significant
differences between countries, Lao
receiving the highest score for both policies
and practices. China received the highest
score for a combine measure of policy,
process and practices.

Studying the situation with regard to e-
waste in Poland, Nowakowsky (2016)
reported a 40% rate of collection of devices
for recycling, which was due to new
programs to process waste equipment and
to the effort of information directed toward
retailers, manufacturers and consumers. A
study by Laroche et al. (2002) also showed
the importance of culture in relation to
environmental knowledge, attitude and
behavior.

Theory of Planned Behavior: Attitudes,
Beliefs, Norms and Intention

An adaptation of the theory of planned
behavior (TPB) (Ajzen, 1991) in order to
predict the intention to recycle was made
by Xu et al. (2014), with legal advocacy
moderating the impact of subjective norms,
environmental knowledge moderating the
effect of attitude to recycling, and recycling
experience moderating the perceived
behavioral control. Their model was tested
with 196 residents recruited in eight
supermarkets in Tianjin in China. They
found that concern for the environment
(recycling experience and attitude toward
recycling moderated by environmental
knowledge) is critical to the intention to
recycle and that subjective norms
(moderated by legal advocacy) as well as
behavioral (government) control can be
helpful in understanding the recycling
intention.

Cheng et al. (2020) used a modified version
of the TPB to examine 358 Taipei
consumers’ attitudes and intentions with
regard to recycling mobile phones. They
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tested with success a model to predict
consumer intention to recycle mobile
phones as a consequence of subjective
norms from reference groups, attitude
toward recycling (determined by social and
individual relative advantages and
perceived cost) and perceived behavior
control (from self-efficacy and facilitating
conditions).

A systematic review of the literature
(1975-2019) conducted by Concari et al.
(2020) showed that among the 669 papers
considered, most referred to a relatively
small number of theories: the theory of
reasoned action (Fishbein & Ajzen, 1975),
the normative action model (Wang et al.),
the TPB (Ajzen, 1991), and value-belief-
norm theory (Stern, 2000), and that some
of the theories are merged. Based on a
survey of 532 respondents from several
social media platforms, Delcea et al. (2020)
validated a model with LISREL in which the
intention to recycle is determined by

attitude, awareness, self-efficacy,
responsibility, social norms, social
influence, and social media. Intention is
translated into behavior if moderated by
convenience and government measures.

Proposal of a Research Model for
Predicting Intention to Recycle

The literature review conducted above can
be summarized into a meaningful
framework, presented below, in which
situational and background factors are
grouped as variables to control, and
personal factors, namely culture, are
expected to have a link with attitudes
toward recycling behavior; in a similar
manner, ease of recycling and knowledge of
environmental fragility and the need to
protect the environment are expected to be
related to attitudes. The diagram below
also contains an application of the classic
theory of planned behavior to explain the
intention to recycle.

Situational &
background factors

Environment knowledge
awareness and perceived

Incentives

i
I
i
i
I
i usefulness of recycling
i
I
i
i
I
i
i
I

| Culture

Deterrents

Ease of recycling [
convenience

Past experience
{recycling habits) Interpersonal

influence

Demaographic

variables: age,
revenues, etc.

‘ Laws and Programs ‘

Attitudes toward recycling
behavior

Recycling

Subjective norms intention

‘ Control beliefs

Figure: Proposed research model for predicting intention to recycle.

Conclusion

Given the importance of environmental
strategies and policies on the short and
long term protection of the resources of
mother Earth and future people prosperity,
a severe change of mind and behavior is
needed by all and mostly the future leaders
of society, ie. the actual
students. Environmental policies enable
the world’s economies to protect natural

resources, safeguard health, and support
the prosperity of individuals. Ecological
approaches and enactment secure common
natural surroundings but cannot guarantee
appropriate e-waste transfer unless each
individual feels concern with regard to his
or her own disposal of unwanted devices.
This paper presented a panorama of the e-
waste situation from the study of main
recent international academic publications.
This allowed a schematic representation of
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individuals’ actual behavior, the human
factors involved in the intention of those
individuals to comply with ecological
norms, and what influences their intention
to comply. This overview of the literature
favored the emergence of a framework that
will form the grounding for a second study
based on an empirical approach to validate
the model developed and its ability to
predict individual intention to comply. The
next conference will be an opportunity to
present the results of this second phase of
the research.
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