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ABSTRACT

From an urban mining perspective stockpiles of Waste of Electronic and Electrical
Equipment (WEEE) by individuals represent anthropogenic stocks that could be ex-
ploited for precious and critical resources. The current challenge resides in mini-
mising these stocks generation, as well as accessing the resources they represent.
Behavioural models such as the Theory of Planned Behaviour (TPB) have been used
in waste and resources management studies to understand WEEE end-of-use inten-
tions and behaviours. But the results have been uneven and the very presence of
these anthropogenic stocks is the acknowledgement that these models need to be
adapted. Based on a review from the waste and resources management literature
we found that TPB models incorporating emotions tended to have higher variance
explained for intention, but the intention-behaviour gap remained strong. To explain
this gap for small WEEE we propose using variables associating emotions with de-
cision-making biases and tendencies that affect individual behaviours. This study is
a theoretical elaboration supporting future empirical testing. A TPB extended with
behavioural economics could better model small WEEE end-of-use decisions. Im-
proved understanding of small WEEE urban mines generation could, in turn, inform
policy and incentives design to transform these anthropogenic stocks into flows of

1. INTRODUCTION AND BACKGROUND

Household stockpiles of unwanted or disused elec-
tronics constitute urban mines that could be exploited.
The difficulty resides in accessing these stocks, in effect
convincing consumers to part from their unused electro-
nic items. To enhance access to these stocks, we should
better understand why these stocks were constituted in
the first place. We chose to use small electronics such
as mobile and smart phones as a case study since they
are ubiquitous and their small size invites for convenient
storage, even if not broken. Some waste and resource ma-
nagement studies use behavioural models to measure va-
riance explained for intention and behaviour, with uneven
successes. Even fewer studies focus on small electronics
stockpiling behaviour. Behavioural models trying to evalua-
te mobile and smart phones stockpiling behaviour could
use variables that are specifically associated with small
electronics. How consumers have used their device could
influence why they are stockpiling it, especially if the device
is still in working order.

resources within a circular economy.

1.1 WEEE situation and issues

In 2019 alone, close to 54 million tonnes of e-waste
across all categories were generated globally (ISWA,
2020). Close to two billion mobile and smart phones were
shipped globally in 2019, of which smart ‘phone shipments
comprised the majority (>75%; Gartner, 2020). Electronic
handsets are now globally ubiquitous and individuals’ ow-
nership is high. In 2010, an estimated 3.7 million mobile
handsets were stockpiled by students in the UK alone (On-
gondo & Williams 2011). Silveira and Chang (2010) evalua-
ted that between 50 and 90 million devices were stockpiled
worldwide. The Ellen MacArthur Foundation (2013) esti-
mated that only 10-15% of mobile and smart phones are
recycled. Accurate figures are difficult to obtain, but the
most optimistic estimate is that 20% are recycled in the UK
(Green Alliance, 2015). These low recycling figures could
be due to the device working status. Why destroying an
item, albeit safely, its utility is higher if untransformed. Wa-
ste Electrical and Electronic Equipment (WEEE) regulation
addresses waste but in most cases when EEE is replaced
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it is unwanted and still working, especially for small items.
Hence most people do not likely recognise it as “waste” per
se (Ongondo and Williams, 2011), despite being formally
recognised as waste (EU Directive 851, 2018). In this pa-
per, we will refer to (W)EEE instead of WEEE to underline
the uncertainty regarding the status of some electrical and
electronic equipment. An unwanted device in working or-
der might not trigger the same end-of-use decision compa-
red to a broken device.

Four key global issues make (W)EEE a priority waste
stream: global quantities of (W)EEE; environmental and
health impacts; potential and ethical concerns; resource
impacts (Ongondo and Williams, 2011). Legislative drivers
have provided the impetus for EU Member States to pro-
gress from approximately 2.5 kg of (W)EEE collected per
year per capita in 2005 to more than 7.6 kg in 2016 (Figu-
re 1). A “glass-ceiling” seems to have been reached as the
amount of WEEE collected yearly tends to stagnate (Figure
1), despite the growth of EEE placed on the market (UNEP,
2019).

1.2 (W)EEE anthropogenic stocks, urban mining, the
circular economy and sustainability

To break this “glass-ceiling” new approaches could be
explored, notably how improving access to these stocks
would enhance urban mining initiatives, therefore increase
(W)EEE collection rates.

(W)EEE Distinct Urban Mines (DUM) (Ongondo et al.,
2015) represent stocks of critical and precious mate-
rials. These anthropogenic sources can be characterised
according to their availability, approachability and acces-
sibility (Mueller et al., 2017). Urban mining is the process
of reclaiming compounds and elements from any kind of
anthropogenic stocks (Cossu and Williams, 2015). It can
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be associated with closed-loop supply chain management,
specifically for (W)EEE management and material classi-
fication (Vence and Pereira, 2019). It is a useful construct
that facilitates an assessment of secondary materials
stocks within an urban environment since it delimits an
area in which the type/amount of materials accessible at a
fixed point in time can be recorded. Cities represent urban
mines for secondary materials and efforts should be made
to transform these stocks into flows for a circular economy
(Kuong et al., 2019).

Recent studies have shown that urban areas are extre-
mely plausible as DUMs. Wilkinson and Williams (2019)
reported the ownership, use and hoarding levels of home
entertainment EEE in a typical city DUM, highlighting
that hoarding is common, especially for smaller or older
equipment, due to the perceived residual value. For a spe-
cific UK university DUM rich in EEE category 3 (IT and te-
lecommunication equipment), as much as 107 tonnes of
secondary materials could be exploitable within a 4-year
cycle (Ongondo et al., 2015). Given the 3 to 4 years typically
taken to complete a degree, the annual replenishment rate
is likely 25% to 33% (Ongondo and Williams, 2011). Pierron
et al. (2017) estimated that 189 tonnes of ferrous and non-
ferrous materials from (W)EEE Category 2 could be exploi-
table within a university campus DUM.

There is clear economic potential for developing urban
mines from household stockpiled small (W)EEE (Pierron et
al., 2017). To be exploitable, a mine (urban or otherwise)
needs to be economically viable, located within reach of
an existing logistics network and with materials concentra-
tion at an optimal level (Zhang and Kleit, 2016). Therefore,
aDUM is a viable concept to evaluate the: i) potential to se-
cure secondary resources from within the anthroposphere
and ii) possible cost-effective methods that could be imple-
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FIGURE 1: EU average (W)EEE collection per inhabitant per year over the period 2006 to 2016 (data sourced from Eurostat, 2019).
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mented to access them. Exploiting anthropogenic stocks
within urban mines could participate to gradually shift from
a linear to a circular economy.

The circular economy is serving the sustainability agen-
da with end-of-life management and responsible sourcing.
On the other hand, more efforts should be devoted to incre-
asing circular products design and circular business mo-
dels (Stewart and Niero, 2018). To achieve sustainability,
a regenerative system such as advocated by the circular
economy principles is required as an initial step. Sustaina-
bility is a balanced integration of economic performance,
social inclusion, environmental resilience (Geissdoerfer et
al., 2017). The circular economy represents environmen-
tal, economic and social wins at input and output levels
(Korhonen et al., 2018). Accessing anthropogenic stocks is
one element of urban mining, therefore creating a loop of
materials back into the economy.

To enable urban mining by transforming material
stocks into flows, concepts linking anthropogenic stocks
to stockpiling behaviour could be investigated further. The
legislative framework represents a top-down approach that
has resulted in the creation of formal collection systems.
However, most of the stock is in “hibernation” (i.e. storage)
within households (Wilson et al., 2017). Bottom-up efforts
to alter individuals’ behaviour are necessary to feed (W)
EEE into existing collection systems and reinject products
and materials into the economy.

This review of TPB models associated with waste and
resources management studies is the basis of a theoretical
adaptation offered for future empirical testing. Factors in-
cluded in WEEE end-use-decisions modelling usually stem
from household recycling behaviour and might not be fully
adapted, notably for small WEEE such as mobile and smart
phones. TPB studies on small WEEE could be extended
with factors that are more closely associated with small
WEEE characteristics and their influence on users’ end-of-
use decisions.

2. LITERATURE REVIEW AND THEORETICAL
STANCE

2.1 Introduction

Modelling the variables influencing small electronics
stockpiling behaviour could enable access to precious and
critical materials, as well as reducing environmental harm
when WEEE is not safely disposed of. Initiatives to change
behaviour are routinely informed by and relate to explana-

Aftitude towards
behaviour

Subjective norm

Behavioural

tory models. The Theory of Planned Behaviour (TPB) is a
widely-used model for predicting human social behaviour
in health-care, psychology, decision analysis and consum-
er behaviour (Ajzen, 2011) as well as waste and resources
management (Chan and Bishop, 2013; Davies et al., 2002;
de Leeuw et al., 2015; Joseph R. Hopper and Joyce McCarl
Nielsen, 1991; Ojedokun, 2011; Pakpour et al., 2014; Riche-
tin et al., 2010; Wan et al., 2014).

2.2 Waste and resources management behaviour
theory and intrinsic motivators

Behavioural models have gradually built on the suc-
cesses and limits set by previous models. Fishbein and
Ajzen (1975) and Ajzen (1985) developed models based on
psychological principles: Theory of Reasoned Action (TRA)
and Theory of Planned Behaviour respectively, were both
based on intrinsic motivators such as beliefs, attitudes,
intentions, social norms and awareness of consequences.
Recent developments have indicated that models associ-
ated with emotions, feelings and desires reached higher
levels of statistically explained variance than models using
TPB and environmental factors. An overview of different
models used in waste management and environmental be-
haviour is provided (Table 1). Most studies use TPB factors
as the core and explore other variables of interest (Table
1). Psychological understanding is associated with con-
sumer behaviour and has been used to predict recycling
behaviour. Fishbein and Ajzen (1975) proposed the Theory
of Reasoned Action (TRA) using beliefs, attitudes and in-
tentions to predict human behaviour (Figure 2). This frame-
work associates attitudes towards the act with subjective
norms to determine behavioural intentions, which subse-
quently influence behaviour.

Although the TRA has proved a reliable model to assess
intentions, there was a significant gap between variance
explained for intention and behaviour (Carrus et al., 2008;
Ajzen,1985). To reduce this gap, Ajzen (1985) extended
the TRA by adding perceived behavioural control (PBC) to
attitude and subjective norms, resulting in the Theory of
Planned Behaviour (Figure 3). PBC is the perception of the
ease or difficulty of the specific behaviour, which mitigates
or enhances the perception towards an intended behaviour
and the social pressure to execute (or not) an identified
behaviour (Ajzen, 2011). Individuals assess potential ac-
tions against their consequences and perceived value; the
decision-making process is influenced by the “acquisition,
evaluation, execution and interruption of abstract actions”

. . Behaviour
intention

FIGURE 2: Theory of Reasoned Action and factors influencing intentions (Redrawn after Fishbein and Ajzen, 1975).
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FIGURE 3: The Theory of Planned Behaviour and factors that influence intentions and behaviour (Redrawn after Ajzen, 1985). Solid lines

represent a more consistent influence than dotted lines.

(Balleine et al., 2015:2). However, behaviour is difficult to
predict accurately and is an unsteady process (Bouton,
2014). Individuals tend to follow behavioural patterns but
they can change their behaviours for multiple reasons. An-
ticipating accurately individuals’ actions is thus science
and art, ascription of responsibility, personal norms, past
behaviour and values.

Despite the widespread use of the TPB, the variance
explained for intention and behaviour generally remains
low, at 39% and 27% respectively (Armitage and Conner,
2001). Therefore, researchers tend to add variables to the
TPB framework in an attempt to increase the variance ex-
plained. Perugini and Bagozzi (2001) derived a new model
based on TPB and emotions, the model of goal-directed
behaviour (MGB). This model was subsequently adapted
by (Carrus et al., 2008), with minor alterations, in a study of
household recycling behaviour. The MGB used the TPB as
the base model and includes anticipated negative as well
as positive emotions, before engaging in a specific activity
(Figure 4). Carrus et al. (2008) found that perceived behav-
ioural control, negative anticipated emotions, desires and
frequent recycling behaviour were significant predictors
of intentions. Their study explained 85% of intentions but
variance for behaviour was not reported (Table 1). Both
Perrugini and Baggozi (2001), and Carrus et al. (2008)
used self-reported data. Aside from the TPB factors used
as a basis among most of the studies, there is not a set
of common factors consistently used to increase variance
explained or bridge the intention-behaviour gap (Barr and
Gilg, 2005).

Barr et al. (2001) examined predictors of behaviour
towards recycling and critiqued the TPB model. The com-
plexity of associations between household attitude and
environmental behaviour was acknowledged and aggre-
gated into four categories rather than one: environmental
values, situational variables (personal situation in a behav-
ioural context such as access to static recycling centres),
socio-demographics, and individual knowledge (Barr et al.,
2001). Davies et al. (2002) conducted one of the few stud-

ies to measure behaviour directly rather than self-report-
ed behaviour; 48% of the variance was explained using a
combination of factors from TPB (Ajzen, 1985) and Altru-
ism (Schwartz, 1968), highlighting the need to investigate
how emotions could be further incorporated in to improve
predictive power. Davies et al. (2002:10) found the Norm
Activation Model from Schwartz (1968) “a more satisfying
point for understanding recycling behaviour in affluent in-
dustrial societies” than the TRA and TPB.

The model developed by Davies et al. (2002) is linked to
social norms but reinforces the link between intentions and
behaviours, and in combination with an awareness of con-
sequences and ascription of responsibility. One limitation,
however, is that their sample was drawn from an affluent
area in the UK, the Cotswolds, that is not broadly represent-
ative of the British population. In evaluating the predictive
power of TRA, TPB and the altruistic model, Davies et al.
(2002) found the altruistic model more reliable (15%) com-
pared with TPB (9%) or TRA (3%). However, 15% is still in-
sufficient to provide robust predictive factors.

These models are useful to take a “snapshot” of a cur-
rent behaviour for specific intrinsic motivators. The TPB
forms a robust basis and models including factors associ-
ated with emotions tend to have higher variance explained
for intention (Table 1), although the explained variance for
behaviour is inconsistent. Additionally, studies focus more
on intention than actual behaviour. The TPB has been use-
ful to a certain point (Armittage and Conner, 2001). Studies
tend to extend the TPB with various factors with mixed re-
sults; and there is no set of consistent factors, especially
for e-waste. Now the next step is to use behavioural eco-
nomics and identify which elements could be used to ex-
tend the TPB for e-waste.

2.3 Emotions and decision-making biases

Behavioural scientists have long investigated the ef-
fects of emotions and perceptions on judgment. Tversky
and Kahneman (1991) associated the concept of “utility”
with ownership, and demonstrated that owning a product
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FIGURE 4: The Model of Goal-directed Behaviour (Redrawn after: Perugini and Bagozzi, 2001).

distorts market valuations: if one possesses a product, one
will tend to overvalue its price, compared with its actual
market value.

Therefore, whilst behavioural models derived from psy-
chology can be applied to understand householders’ recy-
cling behaviour, techniques from behavioural economics
could be adapted to change behaviour regarding urban
mining. Behavioural economics has integrated at the heart
of its theoretical approach decision-making biases and
how to nudge individuals towards desired outcomes. In
other words, how emotions and beliefs, such as risk aver-
sion, influence decisions. And how in turn behaviours can
be influenced. Adding behavioural economics to TPB mod-
elsis alogical step taken in the direction set by studies that
have included emotions in their modelling.

For example for small electronic devices, given that
there are millions of units sitting in people’s households
(Davies, 2002; Ongondo and Williams, 2011; Wilkinson and
Williams, 2019), mobile and smart phone end-of-use barri-
ers could be better understood, reduced and prevented by
using the concepts associated with behavioural econom-
ics. The works of Kahneman et al. (1991) - on users’ en-
dowment effect - and Thaler et al. (2008) - on choice archi-
tecture - could also be integrated to the TPB and applied to
model altered behaviour.

2.4 Behavioural economics: The endowment effect

The endowment effect is the overvaluation of owned
objects compared with an object’s actual market valuation
(Thaler, 1980). “People typically demand more to relinquish
the goods they own than they would be willing to pay to
acquire these goods” (Morewedge et al., 2009:947). The
effect is influenced by factors such as “status quo bias”
(Samuelson and Zeckhauser, 1988) and “loss aversion”
(Kahneman and Tversky, 1983) experienced by owners
when they foresee parting from a possession. Status quo
bias is illustrated when an owner takes a decision leading

to non-action i.e. an individual tends to remain in a known
situation rather than deciding with an uncertain outcome
as “the disadvantages of leaving it loom larger than advan-
tages” (Tversky and Kahneman, 1991:198). Loss aversion
is the anticipation of a potential future loss. When one
foresees parting with an owned object, one projects the
situation without the object and associates emotions. If
these emotions are negative due to missing the object, one
is averse to these negative emotions and is consequently
unfavourable to the loss of the object. Losses equivalent
to gains are perceived as more painful than the potential
positive emotion associated with a symmetrical gain (Kah-
neman and Tversky, 1983). For example, a loss of $100
represents more negative emotion than the positive sen-
sation for a $100 gain. The endowment effect is associat-
ed with the pain felt when an owner contemplates parting
from an owned object (Tversky and Kahneman, 1991). To
alleviate the potential pain, individuals tend to overvalue an
object they own when entering a transaction. According to
the endowment effect, someone who has just acquired a
brand-new smartphone, if asked to part from it immediate-
ly, would ask for more than the device market value. This
price increase would be justified to overcome the loss of
ownership of an object that has been hitherto desired and
the time spent to acquire it.

In addition to loss aversion and status quo bias, other
factors have an influence on the endowment effect, such
as time and emotional affect. The endowment effect has
been demonstrated as immediate by Kahneman et al.
(1990). Individuals may experience loss aversion a few
moments after acquiring a new object and hence tend to
prefer the status quo rather than trading their item. Stra-
hilevitz and Loewenstein (1998) demonstrated that, the
longer the duration of ownership of an object, the strong-
er the endowment effect. These phenomena have been
termed the “duration-of-current-ownership effect” and the
“duration-of-prior-ownership” effect (Strahilevitz and Loe-
wenstein, 1998:285). The first effect refers to the associa-
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tion of time and ownership. The second effect refers to lost
property; the longer it was owned, the more emotionally
painful the loss. The influence of time may be explained by
the sentimental attachment one might have for an object
(Kahneman et al., 1990). On the other hand, strong nega-
tive emotions have opposite influences on the endowment
effect; Lerner et al. (2004) have shown that disgust actually
cancels the effect and that sadness can reverse it.

Other research on the endowment effect has demon-
strated some limitations to the concept. Morewedge et
al. (2009) disagree with the proposition that loss aversion
creates the endowment effect and argue that ownership
is a better predictor. Professionals who were employed in
trading goods (such as brokers) did not express the en-
dowment effect, as opposed to owners who acquire an
object for personal purposes (Morewedge et al. 2009).
Dommer and Swaminathan (2013) suggested that the
positive feelings associated with possessing an object are
more relevant than the negative emotion associated with
parting from it. Nevertheless, all studies within this realm
acknowledge factors influencing individuals’ perception of
monetary valuations.

2.5 Behavioural economics: Choice architecture

Thaler et al. (2008) developed the concept of “choice
architecture” that connects with the notion of routines to
complete sets of tasks, such as eating habits, work hab-
its, or end-of-use habits. They argue that if individuals were
perfectly rational, they would set their default routines
to achieve anticipated outcomes, such as engaging in a
healthy lifestyle or saving regularly for the future. Thaler
et al. (2008) also demonstrate that habits and routines
overcome these rational outcomes. To help individuals
making the “right” decisions, they suggest the design of
specific alternatives set as default options. Users would
then use these default options and start creating new rou-
tines. Adapting choice architecture theory to end-of-use
decisions for small EEE could improve end-of-use deci-
sion-making by creating default options that would prevent
stockpiling and disposing of.

Lyengar and Lepper (2000) have postulated that too
many choices for common decisions are not helpful to
everyday decision-makers; too many alternatives may be
confusing and require too much cognitive effort for simple
recurring decisions. Tversky and Kahneman (1974) argued
that humans use heuristics to approximate complex sit-
uations and make rapid decisions. Decision-makers tend
to evaluate alternatives based on their past experiences,
emotions, state-of-mind and other affective biases. Thal-
er (1980) claimed that choices should be designed as per
expected outcomes for the benefit of the decision-maker.
Thaler et al. (2014:429) described a choice architect as the
person “who has the responsibility to organise the context
in which people make decisions.” Thaler et al. (2008) agree
with Tversky and Kahneman (1974) in that humans tend to
make decisions based on emotions and previous experi-
ences rather than acting as purely rational decision-makers
with abilities to rationalise all decisions made constantly.
Choice architects can be compared with designers, who
reflect on the purpose of objects and design them as per

their intended use. A good design should intuitively lead a
layperson to make good use of an object without having to
be inducted. For example, products made by the company
Apple are known for the quality of their hardware and soft-
ware designs and the relationship the company can create
with its users through its products (The Economist, 2016).
Choice architects act similarly by focusing on intangible
decisions by associating default options (Thaler et al.,
2014). Among several alternatives, choices are influenced
by creating default options for the most desired outcome.

Thaler et al. (2014) recommended using choice archi-
tecture to help consumers to make better decisions for
themselves without necessarily noticing that this decision
was framed externally. Choice architecture aims to set
defaults as per the intended aims. Consumers can opt-
out but Thaler et al. (2008) showed that consumers rarely
move away from the default option. They give examples
such as in health-care or retirement saving plans where
the default option is set to select the best value for health-
care coverage or optimise the amount saved regularly for
future retirement. To go further than defaults and to en-
gage consumers on a decision path, Thaler et al. (2008)
suggest “nudging” consumers. Nudging can be associated
with orienting consumers to their decision-making process
towards a favoured outcome, as suggested in the health-
care example above. To create defaults options and nudge
consumers, Thaler and Sunstein (2008) have used the
NUDGES acronym to structure the approach one should
have when designing choice architecture: iNcentives, Un-
derstand mappings, use Defaults, Give feedback, Expert
error and Structure complex choices into manageable
sub-choices (NUDGES).

Johnson et al. (2012:489) draw upon the work of Thaler
et al. (2008) to propose 11 tools for choice architecture:
reduce the number of alternatives, use technology for deci-
sion aids, use defaults, focus on satisfying, create limited
time windows, set the decision process in stages, partition
options, limit the number of attributes, translate informa-
tion for better “evaluability”, customise information as per
the decision-maker profile, and focus on experience.

These recommendations, outlined by Thaler et al.
(2008) and Johnson et al. (2012:489), are not inflexible
and can be adapted to different situations. Gigerenzer
(2002) expressed the idea of a modular toolbox, wherein
the choice architect can take any technique that might be
suitable to achieve a desired outcome.

Choice architecture is also referred to as libertarian
paternalism by Thaler and Sunstein (2003). This apparent
contradiction is justified by the decisions set by policy (pa-
ternalism) but decision-makers remain free to opt-out (lib-
ertarian). This has been described as: “an approach that
preserves freedom of choice but that authorises both pri-
vate and public institutions to steer people in directions that
will promote their welfare” (Thaler and Sustein, 2003:179).
Mitchell (2005) recognises the power of defaults but ar-
gues that this approach is benevolent; this study notes
that there is a concern that central planners could have too
much power influencing individuals, and defaults would
not be set in favour of individuals but rather in the interests
of policy-makers. Smith et al. (2013:159) question the eth-
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ical implications of “choice without awareness”. Instead of
placing the decision-maker in a passive decision-making
framework, they recommend the use of “smart defaults”
to make “active choices”. Smart defaults comprise the
proposition of options in real-time according to consum-
er preferences. These live updates are suitable for online
settings. For example, when consumers are shopping on-
line, they select a set of criteria and a series of products /
options are presented. Smith et al. (2013) show evidence
that smart defaults are now a staple of online shopping ex-
periences, suggesting that they should become the norm
when consumers make more important decisions for their
future, for example in terms of health care and pensions,
especially as these decisions can now be made online with
access to large amounts of information.

In 2010 in the UK, choice architecture gained public
attention when the British government set the Behavioural
Insights Team (BIT, 2010). The BIT aimed to reduce policy
production by offering nudges through partnerships with
various public bodies such as the Department of Health (to
increase organ donation by testing message framing) or
HM Treasury (to reduce poverty by setting a decision-mak-
ing framework aimed at enhancing household economic
decisions). As behavioural economics and choice architec-
ture become more widely accepted by public bodies and
organisations, examples have also been found in the field
of waste/resource management. Baxter and Gram-Hans-
sen (2016:100) have applied NUDGES to environmental
messaging. They argue that messages aimed at promoting
mobile ‘phone recycling should move away from promoting
benefits, as this has limited impact on consumer decisions,
but rather focus on focus on the detrimental effects of “do
nothing” and the negative environmental consequences.
This approach connects with the creation of guilt and neg-
ative emotions, which is supposed to trigger an intended
behaviour. This may be an over-simplification and may only
explore a subset of the “adaptive toolbox” formulated by
Gigerenzer (2002). Meder et al. (2018) argue that NUDGES
are even more effective when the wider environment is tak-
en into account, rather than solely in the decision-maker’s
immediate sphere.

The choice architecture approach not yet been applied
to urban mining (Pierron et al., 2017). Current end-of-use
decisions about small EEE have not yet been framed with-
in a choice architecture intention. (W)EEE collection solu-
tions offered to users are presently unsatisfactory and
users would rather stockpile or discard unwanted EEE
(Ongondo and Williams, 2011). Individuals choose to hold
on to their electronic devices if there is no valid alternative
available, despite the legislation in place and the take-back
schemes offered by retailers. If the device has some mone-
tary value remaining and the market valuation of the device
meets households’ expectations, then the device is likely
to be sold (Ongondo and Williams, 2011). If this is not the
case, it will probably be stockpiled. It seems thus clear that
stockpiling behaviour is not a rational economic decision
as a household’s utility for the devices will continue to de-
crease over time, and the longer the (W)EEE is stockpiled
the more likely it is destined for general refuse (Gutiérrez
etal., 2010).

A choice architecture toolbox for small high-end elec-
tronics could be implemented to change end-of-use behav-
iour and support urban mining development (Gigerenzer,
2002). For example, it may be possible to counter the trend
of stockpiling mobile electronic devices by offering better
end-of-use alternatives to consumers when reaching this
decision point. Barr et al. (2013:68) outline that NUDGES
and social marketing are effective methods to promote re-
cycling. However, these methods need to be combined with
efforts to promote reuse and repair, as end-of-use decision
formulations are made in a complex decision-making en-
vironment involving many possible alternatives. Conse-
quently, NUDGES and other choice architecture techniques
should be adapted simultaneously to the entire palette of
end-of-use decisions: reusing, reselling, recycling and dis-
carding.

2.6 Research Gap and Study Aim

The literature has showed that the TPB is a useful con-
struct to model end-of-use behaviour in waste and resourc-
es management studies. TPB studies integrating emotions
in the decision-making process, tend to have a higher vari-
ance explained for intention but more rarely for behaviour.
But there is no set of factors for small (W)EEE that consist-
ently support a higher variance explained for intention, let
alone behaviour when reported.

This study aims at extending the TPB specifically for
small (W)EEE end-of-use behaviour, using behavioural eco-
nomics factors.

To achieve this aim, we have:

Reviewed TPB models frequently used in waste and re-
sources management studies to establish which core
concepts could be used for small (W)EEE stockpiling
behaviour evaluation;

+ Suggested variables that could explain and reduce the
intention-behaviour gap for small (W)EEE.

A dedicated TPB model for small (W)EEE integrating
behavioural economics variables could improve modelling
end-of-use decisions. Better understanding how anthropo-
genic stocks are generated could help preventing them as
well as accessing these resources within an urban mining
environment.

3. METHODS

The TPB is one of the most prevalent models in waste
management literature to evaluate household recycling
behaviour and environmental attitudes. The TRA is rarely
used to model waste separation; to our knowledge, only
Barata and Castro (2013) have deployed the TRA to investi-
gate waste separation, and among teenagers. The TPB has
seldom been used for (W)EEE behavioural modelling with
significant results; only Thi Thu Nguyen et al. (2018) have
applied the TPB in comparing (W)EEE recycling with house-
hold recycling behaviour in general. Therefore, a decision
was made to select from a larger pool of research in waste
and resource management for this study.

The Science Direct repository was selected for search-
ing as most environmental science journals are referenced
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herein: Resources, Conservation and Recycling, Waste
Management, Journal of Cleaner Production, Journal of
Environmental Psychology, Journal of Environmental Man-
agement, Sustainable Cities and Society. The search terms
used were “TPB “or “TRA” and “Waste” or “e-waste” or “(W)
EEE”". There was no country restriction, the intention being
to have as large a pool of publications as possible. Some
studies not directly linked to the TPB or TRA were identified
as they used a different set of factors but were associated
with end-of-use behaviour and yielded high variance ex-
plained. They were incorporated in order not to leave out
factors that could be associated with end-of-use behaviour
(Barr, 2007; Liu et al., 2019; Nduneseokwu et al., 2017).
For each study selected, the factors were listed and the
overall variance explained using the Coefficient of Deter-
mination (R?) for intention, and when available for behav-
iour (Table 2). R? is a statistical measure representing the
percentage of variation from one independent variable (y)
to variation in a dependent variable (x). For example, if the
R? of a model is 0.40 it signifies that 40% of the observed
variation can be explained by the model’s input. If R? = 1
the model and associated factors explain all the variance.
There is no consensus on the cut-off value used to deter-
mine if a model explains observed variation. However, a
cut-off value set at R? = 0.75 implies that approximately

three-quarters of the variance observed can be explained
by the model, which is significant and the associated fac-
tors are influential. The investigated studies often used Lik-
ert scales to assess self-reported intention and behaviour.
To compute R? some studies used Confirmatory Factor
Analysis (CFA) or Structural Equation Modelling (SEM), de-
pending if they were confirming an existing set of factors
or exploring new variables and their relationships.

4. BASIS FOR THEORETICAL ELABORATION
ON THE TPB EXTENSION

This theoretical elaboration rests on studies that have
used the TPB in the waste and resources management
field. It identified specific studies that have achieved high-
er variance explained for intention and behaviour. Using
their advances in the field, we suggest taking another step
in this direction using behavioural economics to improve
our understanding of mobile and smart phones end-of-use
decisions.

4.1 Literature Review TPB Data

Based on the criteria outlined above, 23 suitable previ-
ous studies were identified (Table 1). All variables studied
are presented, as well as the R? results for intention, and

TABLE 1: Published studies relating to applications explanatory models of behaviour in the context of waste and resources management.

N/A: data not available.

R2
Authors Topic
Intention Behaviour

1-Swamietal. (2011) Household recycling in the UK 0.22 0.22
2 - Huffman et al. (2014) Students’ recycling attitudes 0.23 0.08
3 - Vassanadumrongdee et al. (2018) Behavioural factors for waste management in Bangkok 0.25 N/A
4 - Leetal. (2013) E-waste recycling in Vietnam 0.27 N/A
5-Knussen et al. (2004) Household recycling in the UK 0.29 N/A
6-Wan Ab et al. (2012) Household food waste separation in Malaysia 0.33 0.09
7 - Tonglet et al. (2004) Recycling behaviour in the UK 0.33 0.33
8 - Seacat et al. (2010) Household recycling 0.36 0.36
9 - Liuetal. (2019) Mobile phone recycling behaviour in China 0.39 N/A
10 - Manetti et al. (2004) Recycling behaviour in Italy 0.39 N/A
11 - Chan (1998) Household recycling in Hong Kong 0.44 N/A
12 - Pakpour et al. (2014) Household waste behaviour in Iran 0.47 N/A
13 -Kals etal. (1999) Emotional affinity towards nature 0.47 N/A
14 - Davies et al. (2002) Recycling behaviour in the UK 0.48 0.48
15 - Bortoleto et al. (2012) Household waste prevention in the UK 0.59 0.59
16 — Nduneseokwu et al., (2017) Formal e-waste collection in Nigeria 0.62 N/A
17 - de Leeuw et al. (2015) High-school students’ pro-environmental behaviour 0.68 0.27
18 - Barr and Gilg (2005) Household recycling in the UK 0.68 0.46
19 - Barr (2007) Household waste management in the UK 0.7 0.83
20 - Perugini & Bagozzi, (2001) Bodyweight regulation in Italy 0.76 0.3
21 - Carrus et al. (2008) Household recycling in Italy 0.82 N/A
22 - Wan et al. (2014) Household recycling in Hong Kong 0.84 0.88
23 - Bamberg et al. (2007) Public transportation in Germany (Dortmund and Frankfurt) 0.9 0.8
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FIGURE 5: Studies ranked in increasing order of variance explained for intention (see Table 1). Studies integrating emotion factors are

highlighted.

behaviour when reported. Studies are ranked in increasing
order based on R? for intention.

Usually, variance explained for behaviour is lower than
for intentions (Table 2). This observation is partially ex-
plained by the difference between declaring a future act
and realising this act, i.e. the difference between self-re-
ported behaviour and actual behaviour (e.g. Corral-Verdu-
go, 1997); and the difference caused by the so-called “val-
ue-action gap” (Barr, 2006; Williams and Gunton, 2007).

The study with the lowest variance explained for in-
tention is from Swami et al. (2011) with 22% (Figure 5);
the lowest variance explained for behaviour (8%) was ob-
served by (Huffman et al., 2014). These studies obtained
data from both self-reported questionnaires and obser-
vations on students’ recycling attitudes in the USA. Three
studies focusing on the TPB and (W)EEE were carried out
in Vietnam (Le et al., 2013) with 27% of variance for inten-
tion explained, China with 39% of variance explained (Liu
et al. 2019) and Nigeria (Nduneseokwu et al., 2017) with
62% of intention explained. None of these studies reported
variance explained for behaviour, only intention.

In contrast, there are four studies with marked vari-
ance explained for intention (R? > 0.75): 0.76 for Perugini
and Bagozzi (2001), 0.82 for Carrus et al. (2008), 0.84 for
(Wan et al. (2014) and 0.9 for Bamberg et al. (2007), i.e.
two studies relate to household recycling, one to body
weight regulation and one to public transportation. In three
studies out of four, variables specifically associated with
emotions (Perugini and Bagozzi, 2001), feelings (Bamberg
et al. (2007), and desires (Carrus et al., 2008) were retained
in the models due to their influence on R? for intentions.

It appears that studies integrating emotions, feelings
and desires tend to yield the highest variance explained
(Table 1 and Figure 5). These observations suggest that an
approach using behavioural economics, which integrates
individuals’ decision-making biases due to emotions, could

be added to the TPB to improve model variance explained
for intention and behaviour.

4.2 Extending the TPB with Behavioural Economics

Behavioural economics could help explaining the inten-
tion-behaviour gap for small (W)EEE. For example, with a
smart phone that is still in working order but unused be-
cause it has been replaced by a newer version, the owner
might still have some utility for the spare device. He might
have a higher utility for a backup device than for the mon-
etary incentive reselling the device would generate. There
might be a disconnect between what the owner thinks
the device is worth and what the device is worth on the
secondary market. The Endowment Effect could be used
to measure this gap between subjective and objective val-
uations. Therefore, the strength of the endowment effect
could explain stockpiling decisions, thus the generation of
anthropogenic stocks when taken on a larger scale. On the
other hand, if choice architecture could be adapted to re-
duce the endowment effect strength, this could prevent the
generation of small (W)EEE anthropogenic stocks and fa-
cilitating access to existing stocks by enticing individuals’
to part from their unused mobile and smart phones.

4.2.1 Extending with variables associated with emotions to
explain the intention-behaviour gap

As Perugini and Bagoozi (2001) carried out with the
MGB (Figure 4), a model based on the TPB with behaviour-
al economics variables could better model small (W)EEE
end-of-use behaviour. The TPB has proven to be a robust
base (Armitage and Conner, 2001; Ajzen, 2015) to expand
from and enhance variance explained for intention and be-
haviour (Table 1). Behavioural economics variables such
as the endowment effect, loss aversion or status quo bias
could have certain impacts on stockpiling decisions, there-
fore on small (W)EEE anthropogenic stock levels. Users
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might find the resale value of their device lower than their
expectations. Thus preferring not to engage in this resale
activity they might find not worthwhile and keep the device
as a spare or backup (endowment effect). Owners might
have used their phone for a significant amount of time.
Or they might be extremely attached to it as it might have
helped them capturing many fond memories. They might
feel an emotion such as regret if they parted from their val-
ued and cherished smart phone by reselling it (loss aver-
sion and status quo bias). Hence they might prefer simply
keeping it and store it away.

Once these intrinsic factors associated with behaviour-
al economics, such as the endowment effect or loss aver-
sion or status quo bias, are identified for mobile and smart
phones end-of-use decisions and behaviour, they could be
added to the TPB. This extended TPB would better model
and measure small (W)EEE end-of-use behaviour, there-
fore contributing to close the intention-behaviour gap and
informing on the factors influencing the generation of an-
thropogenic stocks.

4.2.2 Extending with variables associated with choice archi-
tecture to reduce the intention-behaviour gap

If these end-of-use decisions (or rather the non-behav-
iour to engage in positive actions to support urban mining)
are influenced by the endowment effect, choice architec-
ture could reduce this effect. The endowment effect repre-
sents a hindrance that could explain the intention-behaviour
gap for small (W)EEE and choice architecture represents
a force to counter this effect by using a combination of
monetary and non-monetary incentives. The concept of
choice architecture to exploit a DUM (Ongondo et al., 2015)
already been explored (Pierron et al. 2017) and could be
adapted to mobile and smart phones as a case study. As
an “adaptive toolbox” (Gigerenzer, 2002), NUDGES can be
shaped as per any small (W)EEE specifics (Table 2).

To change behaviour and access anthropogenic
stocks, and to render an urban mine exploitable, non-mon-
etary incentives targeted at the endowment effect could be

designed using choice architecture (Table 2). Since objec-
tive valuations are based on market principles, non-mone-
tary incentives based on users’ preferences should be de-
signed to bridge the gap between subjective and objective
assessments of value. Enhanced take-back schemes that
take into account the endowment effect and users’ subjec-
tive valuation could offer to give the cash equivalent to a
charity, instead of giving back to the user. Strahilevitz and
Loewenstein (1998) estimated that charity incentives pro-
vide more utility to decision-makers than a cash equivalent.
Take-back schemes could provide information on the envi-
ronmental benefits of reusing a ‘phone, instead of manu-
facturing it e.g. an estimate of the quantity of water saved
or the positive impact this action has on carbon reductions.
Providing immaterial benefits in addition to monetary re-
wards could rebalance the misalignment between small
(W)EEE second-hand market values and users’ perceived
values. They would be convenient to implement for take-
back schemes and aligned with users’ expectations. These
incentives should be designed to reduce the barriers set
by the EE. NUDGES could represent the framework used to
change behaviour for urban mining (Table 2). This frame-
work can and should be adapted (Johnson, 2012:489).

To date, the TPB has been used in few studies dedicat-
ed to small (W)EEE end-of-use decision-making (Table 1).
However, methods using extrinsic motivators may be ap-
plied to alter (W)EEE end-of-use behaviour also need con-
sideration. To be exploitable efficiently, DUMs need end-us-
ers to behave in such a fashion that it becomes possible to
access stockpiles and transform discarding habits into re-
cycling opportunities and stockpiling into reuse decisions.
Behaviour change is a complex process that requires the
use of various incentives, intrinsic and/or extrinsic (Schultz
etal., 1995).

4.2.3 TPB extended for small electronics end-of-use deci-
sions

This extended TPB could help explaining the weakness
between intention and behaviour for small (W)EEE. Many

TABLE 2: Choice architecture principles applied to nudging mobile and smart phone users to trade-in their hoarded device (Thaler et al.,

2008).
Nudges Description
iNcentives Incentive mix (monetary and non-monetary) based on device characteristics and owners’ categorical variables

(loss aversion, status quo bias, endowment effect)

Understanding mappings '

Small electronics collectors explain stockpiled mobile devices’ value declines over time to nudge decision to use
hoarded devices as an additional discount toward the acquisition of a new device

Defaults Default decision for mobile and smart phones tends to be stockpiling. Small electronics collectors to counter this
default and nudge owners to trade-in their stockpiled device within a time period
Giving feedback Giving information to each owner: small electronics collectors deliver information on hoarded device second-hand

value, incentive mix based on device characteristics and owner’s categorical variables, information on sustainable
practice (what happens to the phone when collected by small electronics producers with a positive impact on
carbon footprint and reduced resources depletion)

Expecting errors
experience to improve incentive mix

Incentive mix not adapted to user preferences. Small electronics collectors to use data gathered over time and

Structuring complex choices Structure decision into logical steps:

owner

Owner to understand that stockpiling has marginal utility as usually devices are not used for their intended purpose
Stockpiled devices’ value declines over time so will the incentive mix. Immediate decision has the highest utility for

User is contributing to positive outcome for the environment and the circular economy

" How information presentation influences decisions
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studies (Table 1) have reported only intention and not be-
haviour. When reported, behaviour is significantly lower
than intentions in terms of explained variance (Perugini
and Bagozzi, 2001). The willingness to extend the TPB with
variables that are not directly associated with attitudes
towards the environment is supported by Echegaray and
Hansstein (2017). They found that despite respondents
having a positive attitude towards the environment, they
failed to engage in a (W)EEE recycling behaviour. The most
successful TPB studies in waste and resources manage-
ment had integrated emotions in their set of factors (Table
1). Using variables that take into account emotions and
their influence on the decision-making process, such as in
behavioural economics, could be worth investigating. Es-
pecially for stockpiled small (W)EEE still in working order.
Individuals who have kept a spare mobile or smart phone
as a back up might not perceive this device as waste.
Hence the environmental factors usually associated with
TPB studies in waste and resources management might
not be relevant. Integrating behavioural economics varia-
bles for small (W)EEE could reduce the intention-behaviour
gap (Figure 6).

We propose to take the TPB as a proven and robust
basis but we acknowledge the intention-behaviour gap
remains problematic in most studies. We suggest that
the endowment effect is at work between the intention
and the actual behaviour to safely dispose of an unwant-
ed device still in working order. Individuals prefer keeping
the unwanted device as a spare because they have higher
utility for this status quo and might regret their decision at
a later stage. This endowment effect could have an influ-
ence on small (W)EEE stockpiling decisions. Undersanting
the nature of the intention-behaviour gap for mobile and
smart phones end-of-use decisions could inform the de-

Incentive mix with
choice architecture

Subjective Norm

FPerceived
Behavioral Control

sign of solutions directly targeted at the endowment effect
(Table 2). Choice architecture is an adaptable and flexible
approach aiming at altering behaviour towards a desired
outcome (Thaler et al., 2008). An extended TPB with behav-
ioural economics could be further investigated to limit the
generation of small (W)EEE anthropogenic stocks as well
as accessing these resources to support the development
of urban mining using existing formal collection systems.

5. CONCLUSIONS AND RECOMMENDATIONS

Historically, most behavioural models for waste and re-
sources management have been based on variations of the
TPB. These models have evolved and improved, but they
still need refinement. From this review, we can conclude
that behavioural models derived from psychology — such
as the TPB - have been applied to understand individuals’
recycling behaviour but the variance explained for inten-
tion and behaviour-related factors generally remains low.
Models that incorporate emotional variables tend to have a
higher explained variance for intention. The endowment ef-
fect is likely to be a significant barrier to the release of (W)
EEE back into the circular economy. To overcome the en-
dowment effect, non-monetary incentives based on users’
preferences could be designed to bridge the gap between
subjective and objective assessments of the value of (W)
EEE. Techniques integrating emotional variables such as
behavioural economics and choice architecture could be
incorporated into behavioural models such as the TPB to
better evaluate small (W)EEE anthropogenic stocks gener-
ation and facilitating access to these resources.

This paper uses secondary data as the basis for the
analyses and interpretation presented. Future research
could test and apply behavioural economics concepts to

Endowment
Effect

FIGURE 6: TBP extended illustrating the potential influence of the endowment effect on behaviour and choice architecture to counter the
endowment effect and alter end-of-use behaviour, based on Tables 1 and 2.
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small (W)EEE using primary qualitative and quantitative
data. Most TPB studies report explained intention but few-
er explained behaviour. Future research accessing small
(W)EEE anthropogenic stocks for urban mining could fo-
cus therefore on end-of-use behaviour rather than inten-
tion. Furthermore, the behavioural economics theories dis-
cussed in this paper could be tested using loss aversion,
status quo bias and the endowment effect affecting small
(W)EEE end-of-use decisions and behaviour. Based on
these findings, incentives could be designed using choice
architecture to access small (W)EEE anthropogenic stocks
and improve urban mining efforts to reinsert devices and
resources into the economy.
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