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Abstract
Improving e-waste separate collection rates is of the utmost importance to achieve the environmental targets set in the Sustainable
Development Goals. Therefore, this paper aims to identify the factors influencing the intentions of Spanish households to
separate their e-waste for proper disposal. To this end, we carry out an econometric analysis revealing that the preoccupation
with environmental issues is an endogenous regressor, so a bivariate model is required to avoid inconsistent results. The analysis
shows that environmental concern and the origin of the individuals are relevant factors that influence the e-waste separation
decision. Additionally, we observe an interaction between age and city size, so the effect of one of these factors on the probability
of separating e-waste depends on the other factor. Another important result is that several socio-economic variables and knowl-
edge of environmental issues only indirectly affect attitudes, by way of environmental concern. In summary, this study offers a
useful methodology to policymakers who have to deal with e-waste management, allowing them to identify the priority groups on
which should be focused, as well as to design specific measures tailored to their characteristics.

Keywords e-waste . Households’ behaviour . Bivariate probit model . Environmental concern . Interaction effects . Sustainable
Development Goals

Introduction

The use of electrical equipment and electronic devices has
become a typical feature of modern society. A result of the
increasing consumption of these products (laptops, monitors,
refrigerators, smartphones, etc.) has been that the waste they
generate (e-waste) which is considered as the fastest growing
waste stream in the world, with 53.6 million tonnes generated
in 2019, and it is expected to exceed 74 million tonnes by

2030 (Forti et al. 2020). It is noteworthy that e-waste is a
non-homogeneous and complex mixture of diverse hazardous
materials that may pose environmental and health risks if not
properly collected, treated, and recycled or otherwise disposed
of. Moreover, within the paradigm of a circular economy, the
separate collection of e-waste is important in terms of recov-
ering valuable and scarce materials, especially copper, and
precious metals.1

Similar to other developed countries, e-waste is a major
concern for European Union (EU) environmental policies fo-
cused on reducing its ecological footprint and promoting a
circular economy model of economic growth. According to
the European Commission (2020), e-waste is growing at 3%
to 5 % per year, three times faster than the average waste
stream, and EUROSTAT (2021a) shows that only 38.9% is
properly recycled. In this context, it should be noted that
households are the main source of e-waste in all EU countries
(EUROSTAT 2021b). This is the case in Spain, where 87% of

1 The composition of e-waste varies widely, depending on the type and age of
the equipment. However, e-waste is usually composed of metals (copper, iron,
silver, gold, nickel, and tin, among others), plastic, and refractory oxides. For
more details about e-waste composition and the potential associated contam-
inants, see Forti et al. (2020).
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e-waste collected in 2018, i.e. 279,100 tons, came from house-
holds, while the amount from other sources was 41,522 tons
(EUROSTAT 2021b). Furthermore, between 2008 and 2018,
7.172 million tons of electrical and electronic devices for
households were put on the market (EUROSTAT 2021b),
which indicates the potential e-waste available from Spanish
households in the coming years.

To improve the collection and recycling of electrical and
electronic equipment, and thus tackle this fast-increasing
waste stream, the EU put in place, in 2003, the European
Directive on waste electrical and electronic equipment, re-
vised in 2012 (European Union 2012). The Directive re-
quires Member States to ‘adopt appropriate measures to
minimize the disposal of e-waste in the form of unsorted
municipal waste, to ensure the correct treatment of all col-
lected e-waste, and to achieve a high level of separate col-
lection of e-waste’ (European Union 2012; Art.5 §1).
Furthermore, the Directive sets criteria and targets for the
collection, treatment, and recovery of e-waste (European
Union 2012; Arts. 5, 6 and 7). In this context, meeting
the targets set in the Directive requires that Member
States ‘adopt appropriate measures so that consumers par-
ticipate in the collection of e-waste and to encourage them
to facilitate the process of re-use, treatment and recovery’
(European Union 2012; Art.14 §3). In Spain, the imple-
mentation of this European Directive is based on the
Royal Decree on the Disposal of Electrical and Electronic
Equipment (Official State Gazette 2015). In accordance
with it, the minimum target for e-waste collection from
households met in 2019 was 395,422,100.49 kg
(MITECO 2020), which represents an increase of 50.65%
of the e-waste collected from households in 2017.

Furthermore, increasing levels of e-waste is a major chal-
lenge for the achievement of Sustainable Development Goals
(SDGs) set out in the 2030 Agenda for Sustainable
Development (United Nations 2015), particularly those relat-
ed to 3.9, 8.3, 8.8, 11.6, 12.4, and 12.5 specific targets (United
Nations 2015).

In this context, where the adoption of measures to pro-
mote the separate collection of e-waste becomes a priori-
ty, the purpose of this study is to identify the behaviours
and characteristics of households that influence the partic-
ipation of Spanish households in the separate disposal of
e-waste. Note that the household characteristics and their
attitudes towards separating and recycling different kinds
of waste is a determinant issue for designing effective
measures addressing waste separation and collection as
pointed out by many works, such as Aprile and Fiorillo
(2019), Dwivedy and Mittal (2013), Saphores et al.
(2012), and Zen et al. (2014).

The choice of Spain for our analysis is relevant for two
major reasons: first, because Spain is currently showing great
interest in the achievement of the SDGs. However, although

for some years now, national, regional, and local Spanish au-
thorities have been implementing several measures to promote
pro-environmental attitudes (such as e-waste separation), as
we have pointed out above, in Spain, a significant improve-
ment of separate e-waste collection rates is needed (European
Commission 2019), and secondly, because Spain is located in
the Mediterranean Basin, a region highly exposed to signifi-
cant environmental risks due to climate change (Pausas and
Millán 2019), so improving e-waste recovery and recycling
rates can generate important benefits by reducing CO2 emis-
sions to the atmosphere.

Thus, the objective of this paper is to analyse the par-
ticipation of Spanish households in e-waste separation and
disposal. For this purpose, we estimate a binary model
containing two sets of explanatory variables: personal
and household characteristics and environmental attitudes,
including the preoccupation with environmental issues.
Many studies which deal with recycling issues using bi-
nary models can be found in the literature. The usual
practice in these works is to include the attitudinal factors
related with the environment as explanatory variables in
the model directly. Nevertheless, including these vari-
ables, which are choices made by respondents, directly
in the model, an endogeneity problem can arise. Thus,
the possible endogeneity of one of the regressors requires
specifying a two-equation binary model (bivariate probit
model), in order to obtain adequate estimates. In this kind
of models, we can distinguish direct and/or indirect ef-
fects of the regressors on the dependent variable, the last
ones obtained through the endogenous regressor.
Additionally, we introduce as regressors the interaction
effects between two qualitative factors in the proposed
model. Their inclusion allows us to study how a change
in one of these factors can be affected by the value of the
other.

Hence, the main contributions of our empirical work can be
summarized as follows: (1) the estimation of a bivariate probit
model with interaction effects to identify the factors determin-
ing the correct disposal of e-waste, which has not been used in
the context of e-waste studies; (2) since, as we have indicated
above, households are an important source of e-waste in most
European countries, the results of our analysis can be very
useful in exploring ways of reducing the percentage of such
waste that households dispose of.

The rest of the paper is organized as follows: Section 2
includes a literature review of previous empirical works fo-
cused on household waste management behaviour. Next,
Section 3 offers general description of the data and the vari-
ables used in the study as well as an explanation of the most
important issues of our analytical procedure. The findings of
the econometric estimation of the proposed model are present-
ed and discussed in Sections 4 and 5, respectively. In
Section 6, we report some concluding remarks.
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Literature review

A significant number of empirical works have addressed the
factors influencing the separate collection of waste by house-
holds focusing on two groups of variables: socio-economic
and demographic variables and psychological determinants
of pro-environmental behaviours (environmental awareness,
social norms, habits, etc.).2

In the first group, as Do Valle et al. (2004) and Saphores
et al. (2012) point out, the most commonly considered are
income, age, gender, and education level. Other variables,
such as household size, the labour status of the individuals,
the place of birth of the individuals, the kind of city living, and
dwelling characteristics, are also included in several studies
with the purpose of detecting the effects of other relevant
socio-economic factors on residential waste management
(see Table 1). In the second group, themost common variables
found in reviewing the literature can be grouped in three cat-
egories: general attitudes towards the environment, percep-
tions related to recycling, and social influences (see Table 1).

Nevertheless, as noted in Arbués and Villanúa (2016) and
Hansmann et al. (2006), the relationship observed between
these variables and waste separation of households appears
to be ambiguous. For example, with regard to income,
Aprile and Fiorillo (2019), Dwivedy and Mittal (2013), or
Song et al. (2012) show that a higher income increases the
recycling probability, while others, such as Do Valle et al.
(2004), Saphores et al. (2012), andWang et al. (2011), suggest
that the influence of income on recycling behaviour is re-
duced. As Hornik et al. (1995) and Arbués and Villanúa
(2016) indicate, this is mainly due to these studies being car-
ried out in different geographical areas by researchers who
assume different perspectives in their analysis (socio-econom-
ic, sociological/psychological, and technical) concentrating
their attention on different sets of variables.

From a methodological perspective, it is observed that an
assortment of analytical procedures is used to estimate the
relationship between disposal behaviour of households and
the set of explanatory variables considered in the study. As
we can see in Table 2, methods used range from general sta-
tistical techniques (e.g. frequency analysis and Chi-squared
test) to regression-based methods, which are used in this
paper.

Among regression-based procedures, logit binary response
models are the more widely used in the empirical works re-
vised. Only few studies estimate probit models (see Table 2).
In this paper, as we have indicated above, we estimate a bi-
variate probit model in order to address the endogeneity that

could arise when a single logit or probit model is estimated.
This is an approach that only few previous studies, such as
Arbués and Villanúa (2016), Crociata et al. (2015), and
Tadesse (2009), have considered. In our case, in contrast to
these previous works, we include as regressors in the model
some interaction variables (the product of the dummies of two
different factors). As far as we know, this kind of model (bi-
variate probit model with interactions) has not been applied to
analyse e-waste recycling behaviours.

Data and methods

Data

Our dataset is extracted from the ‘Survey on Households and
the Environment 2008’ carried out by The Spanish Statistical
Institute (INE) on a random sample of 27,832 Spanish house-
holds, in each of which a cooperating person was selected.
The aim of this survey was analysing environmental attitudes
and patterns in Spain (INE 2009).

The data collection method used in this survey was the
personal interview, although in some cases the possibility of
providing the information online or on a free telephone line
was offered (INE 2009).

To ascertain the environmental awareness of individuals,
the survey includes a set of preliminary questions with the aim
of gathering socio-economic and demographic information
(income, age, education, country of birth, etc.) about the indi-
viduals selected. Regarding environmental awareness, the re-
spondents were asked about environmental concerns, detec-
tion of environmental problems, and knowledge of environ-
mental campaigns. Furthermore, to ascertain the attitudes of
individuals about their waste management, they were also
asked about the sorting and deposit at specific collection
points of a set of wastes, among which were e-waste3.

The files containing the microdata of this survey are avail-
able at INE (2010).

Variable specification

As we have indicated above, the dependent variable of our
empirical study, that we call Separate, is a binary variable. It
takes value 1 for households that collect separately their e-
waste and 0 otherwise. To explain this variable, we have con-
sidered two sets of factors: personal and household character-
istics and environmental attitudes. These potential explanatory
factors are summarized in Table 3. Most of them are qualita-
tive, so they must be quantified by using dummy variables.
Table 3 shows both the factors (first column) and the2 A broad analysis of the relevant literature on household recycling can be

found in Hornik et al. (1995) and Saphores et al. (2006). In the specific field of
e-waste, an in-depth literature review can be found in Pérez-Belis et al.
(2015a).

3 For more details about the target characteristics of this survey, see INE
(2009).

Environ Sci Pollut Res



Ta
bl
e
1

E
xp
la
na
to
ry

va
ri
ab
le
s
co
ns
id
er
ed

in
pr
ev
io
us

em
pi
ri
ca
lw

or
ks

St
ud
ie
s

So
ci
o-
ec
on
om

ic
an
d
de
m
og
ra
ph
ic
va
ri
ab
le
s

P
sy
ch
ol
og
ic
al
va
ri
ab
le
s

In
co
m
e

A
ge

G
en
de
r

E
du
ca
tio

n
le
ve
l

H
ou
se
ho
ld

si
ze

L
ab
ou
r

st
at
us

P
la
ce

of
bi
rt
h

K
in
d
of

ci
ty

D
w
el
lin

g
ch
ar
ac
te
ri
st
ic
s

M
ar
ita
l

st
at
us

E
nv
ir
on
m
en
ta
l

aw
ar
en
es
s

R
ec
yc
lin

g
pe
rc
ep
tio

ns
S
oc
ia
l

no
rm

s

A
fr
oz

et
al
.(
20
17
)

x
x

x
x

x
x

x

A
pr
ile

an
d
F
io
ri
llo

(2
01
9)

x
x

x
x

x
x

x
x

x
x

x

A
rb
ué
s
an
d
V
ill
an
úa

(2
01
6)

x
x

x
x

x
x

x
x

x
x

B
ar
r
et
al
.(
20
01
)

x
x

x
x

x
x

x

B
ud
ak

an
d
O
gu
z
(2
00
8)

x
x

x
x

x
x

B
yr
ne

an
d
O
’R
eg
an

(2
01
4)

x
x

x

C
ai
et
al
.(
20
20
)

x
x

x
x

x
x

x

C
ro
ci
at
a
et
al
.(
20
15
)

x
x

x
x

C
za
jk
ow

sk
ie
ta
l.
(2
01
7)

x
x

x
x

x
x

D
ar
by

an
d
O
ba
ra

(2
00
5)

x
x

x

D
e
F
eo

an
d
D
e
G
is
i(
20
10
)

x
x

x
x

x

D
o
V
al
le
et
al
.(
20
04
)

x
x

x
x

x
x

x
x

D
w
iv
ed
y
an
d
M
itt
al
(2
01
3)

x
x

x
x

x
x

x

H
ag
e
et
al
.(
20
09
)

x
x

x
x

x
x

x

Fe
rr
ar
a
an
d
M
is
si
os

(2
00
5)

x
x

x
x

Is
la
m

et
al
.(
20
20
)

x
x

x
x

x

Ja
fa
ri
et
al
.(
20
17
)

x
x

x
x

x

K
eu
sc
hn
ig
g
an
d
K
ra
tz
(2
01
8)

x
x

x
x

x
x

L
ak
ha
n
(2
01
5)

x
x

x
x

x
x

L
ee

an
d
Pa
ik

(2
01
1)

x
x

x
x

x
x

x
x

L
iu

et
al
.(
20
20
)

x
x

x

L
o
an
d
L
iu

(2
01
8)

x
x

x
x

x
x

x

M
ar
tin

ho
et
al
.(
20
17
)

x
x

x
x

x

N
gu
ye
n
et
al
.(
20
18
)

x
x

x
x

x
x

x

N
ix
on

et
al
.(
20
09
)

x
x

x
x

x
x

x

Pe
ar
so
n
et
al
.(
20
12
)

x
x

x
x

x
x

P
ér
ez
-B
el
is
et
al
.(
20
15
b)

x
x

P
er
ry

an
d
W
ill
ia
m
s
(2
00
7)

x

P
ur
ce
ll
an
d
M
ag
et
te
(2
01
0)

x
x

x
x

x

Si
di
qu
e
et
al
.(
20
10
)

x
x

x
x

x
x

x
x

x

Sa
ph
or
es

et
al
.(
20
12
)

x
x

x
x

x
x

x
x

x
x

S
on
g
et
al
.(
20
12
)

x
x

x
x

x
x

x

S
or
ku
n
(2
01
8)

x
x

x
x

Environ Sci Pollut Res



corresponding quantitative variables (second column), togeth-
er with its description (third column). Some of the factors have
more than two categories, so we need more than one dummy
to capture its effect.4 It is noteworthy that dummy variables
corresponding to the Age factor are not mutually exclusive and
can equal 1 jointly if people from different ranges of age lives
in a household.

In Table 4, the summary statistics of the variables are
shown. Most respondents were born in Spain, were working,
and had the basic educational attainment. The information
concerning household earnings suggest that households be-
long mostly in the middle class (54.7%). Regarding age, a
significant percentage of households had some member in
the age range between 30 and 60 years old. The rest of the
socio-economic variables (gender, city size, and marital sta-
tus) were evenly distributed, and the average household size
was 2.596. The information corresponding to the environmen-
tal attitudes show that the majority of households (78.3%)
responded affirmatively to the question on whether they were
concerned about the environment. Moreover, 61.5% of the
respondents stated that they had knowledge of any environ-
mental awareness campaign (saving water, energy, recycling,
etc.) in the last year. Finally, among the sample households,
only 26% reported that they had some environmental problem
(pollution, noise, bad smells, etc.) in their surroundings.

Analytical procedure

In order to explain the dependent binary variable Separate, the
binary model that we specify has the general expression:

p ¼ F xβð Þ ð1Þ
beingpthe probability of separating e-waste, that is, p=
pr(Separate = 1), x the regressor vector, and β the parameter
vector. Moreover, F is a cumulative distribution function,
which can be normal, if the binary model is a probit model p
= Φ(xβ), or logistic, if we specify a logit model p = Λ(xβ).5

Expression (1) has an underlying latent model that can be
written as:

Y* ¼ xβþ u ð2Þ
where Y* is a non-observable variable representing level of
utility or satisfaction and u is the error term, whose distribu-
tion normal or logistic leads to the probit and logit model
above mentioned. Thus, the binary variable Separate adopts
value 1 if Y*>0 and value 0 if Y*<0.

The adequate estimation procedure for these models is the
maximum likelihood (ML), which requires solving a
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4 It is well known that one of the categories corresponding to the same factor
will be not included in the model, being the “control group”.
5 The logistic cumulative distribution function is Λ xβð Þ ¼ exβ

1þexβ.
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Table 2 Analytical procedures applied in previous works

Studies Analytical procedures

Regression-based procedures General statistics procedures

Afroz et al. (2017) Logistic regression ANOVA test

Aprile and Fiorillo (2019) Probit model

Arbués and Villanúa (2016) Bivariate probit model

Barr et al. (2001) Chi-squared test
Cluster analysis
Principal component analysis

Budak and Oguz (2008) Logistic regression

Byrne and O’Regan (2014) Frequency analysis
Cross tabulation
Chi-squared test

Cai et al. (2020) Binary regression model

Crociata et al. (2015) Bivariate probit model

Czajkowski et al. (2017) Hybrid multinomial logit
Hybrid mixed logit

Darby and Obara (2005) Frequency analysis
Cross tabulation

De Feo and De Gisi (2010) Chi-squared test
Frequency analysis

Do Valle et al. (2004) Logistic regression Principal component analysis

Dwivedy and Mittal (2013) Logistic regression

Ferrara and Missios (2005) Ordered probit model

Hage et al. (2009) Ordered probit model

Islam et al. (2020) Multinomial logistic regression Frequency analysis
Cross tabulation
Chi-squared test

Jafari et al. (2017) Logistic regression

Keuschnigg and Kratz (2018) Binary logistic regressions

Lakhan (2015) Unpaired t-test

Lee and Paik (2011) Ordinary least squares

Liu et al. (2020) Confirmatory factor analysis
Structural equation model

Lo and Liu (2018) Ordinary least squares

Martinho et al. (2017) Frequency analysis
Cross tabulation
Chi-squared test

Nguyen et al. (2018) Factor analysis
Analysis of moment structures

Nixon et al. (2009) Rank-ordered logit model Principal component analysis

Oskamp et al. (1998) Hierarchical multiple regressions Principal component analysis

Pearson et al. (2012) Logistic regression Chi-squared test
Independent group t-test
Sobel test

Pérez-Belis et al. (2015b) Ordinal logistic regression Chi-squared test

Perry and Williams (2007) Frequency analysis

Purcell and Magette (2010) Logistic regression

Sidique et al. (2010) Poisson regression model Factor analysis

Song et al. (2012) Logistic regression

Sorkun (2018) Confirmatory factor analysis
Structural equation model
Bootstrapping approach

Tadesse (2009) Bivariate probit model
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nonlinear equation system, through a nonlinear optimization
algorithm. TheML procedure provides consistent estimates of
β unless one (or more) of the regressors is not exogenous.

The coefficients included in β only provide the sign of the
change in probability p under changes in the explanatory fac-
tors. Therefore, in order to quantify these changes, it is neces-
sary to calculate the marginal effects as ∂p/∂Xj orΔp/ΔXj for
continuous and discrete regressors, respectively.

For a generic dummy variable Dj, with estimated coeffi-

cient bβD j
, and assuming a probit model (F=Φ), the corre-

sponding marginal effect from changing Djfrom zero to one
can be calculated as:

Δbp=ΔDj ¼ pr
�

Y 1 ¼ 1 Dj ¼ 1
��

�

� −pr
�

Y 1 ¼ 1 Dj ¼ 0
��

�

�

¼ Φ xbβ−Dj⋅bβD j
þ bβD j

� �

−Φ xbβ−Dj⋅bβD j

� �

ð3Þ

On the other hand, for a continuous variable, Xj, this effect
would be obtained as:

∂bp=∂X j ¼ ∂xbβ=∂X j

� �

ϕ xbβ
� �

ð4Þ

Given that xβ is linear with respect to Xj, then ∂xbβ=∂X j

� �

¼ bβ j, so ∂bp=∂X j ¼ bβ jϕ xbβ
� �

.

In both discrete and continuous cases, each marginal effect
depends on all the estimated coefficients and all the regressors
of the model, so their value is different for every observation.
In order to obtain an aggregate measure, the average of these
marginal effects should be calculated.

We have indicated above that the regressor Preoc_envir
could be an endogenous binary variable, and we need to be
sure of it in order to estimate the model adequately. Thus, if
this regressor is endogenous, the probit estimates described
above will be inconsistent, so we should estimate a bivariate
probit model which, followingWooldridge (2002; p.477), can
be written as follows:

Y 1 ¼ 1 xβþ u1 > 0½ � ð5Þ

Y 2 ¼ 1 zγþ u2 > 0½ � ð6Þ
where Y1 and Y2 are the binary variables previously named as
Separate and Preoc_envir, respectively; the regressor vector
of Eq. (5) includes the endogenous Y2 together with the exog-
enous z1, that is, x = (z1 Y2); z is the regressor vector of (6);
the parameter vectors in (5) and (6) areβ and γ, whereβ ' =
(δ α1); and finally, the error vector (u1, u2) is distributed as
bivariate normal with mean zero, both u1 and u2 have unit
variance, and the correlation between them isρ. In Eqs. (5)
and (6), 1[⋅] denotes an index, with value 1 if the condition
in the brackets is satisfied and zero otherwise. Both conditions
correspond to the respective latent equations Y*

1 ¼ z1δþ α1

Y 2 þ u1 and Y*
2 ¼ zγþ u2Y*

2 ¼ z2 δ2 þ v2, being Y*
1 and Y

*
2

two latent (non-observable) variables, which can be under-
stood as the level of satisfaction of the option numbered with
1 values in Y1 and Y2, respectively. The variables included in
vectors x and z of Eqs. (5)–(6) are shown in Table 5.

Although our interest is focused on the probability of sep-
arating e-waste, if Y2 is endogenous, we must estimate jointly
(5) and (6). With this aim, we construct the log-likelihood by
combining the probability of the four outcomes of (Y1, Y2) :
P(Y1 = 1|Y2 = 1, z), P(Y1 = 1|Y2 = 0, z), P(Y1 = 0|Y2 = 1,
z), and P(Y1 = 0|Y2 = 0, z)6. Once we estimate (5)–(6) by
ML, we test whether the correlation coefficient between the
error terms of both equations, which we have called ρ, is, in
fact, zero. The ML estimation of the bivariate model (5)(6)
provides the estimate bρ. If we reject H0 : ρ = 0, then we
calculate the estimated probabilities of Y1 = 1 from the esti-

mates bδ1 and bα1 in Eq. (5) of the bivariate probit model.
However, if we do not rejectH0, we can conclude that Y2 is
not an endogenous variable, so we must use the result of the
estimation of the one-equation probit model p = F(xβ).

Moreover, it should be noted that if the Preoc_envir variable
were an endogenous binary regressor in Eq. (5) of the bivariate
probitmodel, its marginal effectwould be obtained directly from

6 The full expression of the log-likelihood function can be found in
Wooldridge (2002).

Table 2 (continued)

Studies Analytical procedures

Regression-based procedures General statistics procedures

Vassanadumrongdee and Kittipongvises (2018) Logistic regression Factor analysis

Vesely and Klöckner (2018) Logistic regression

Wang et al. (2011) Logistic regression

Xu et al. (2018) Multiple regression One-way ANOVA test

Yakob et al. (2020) Factor analysis
Frequency analysis

Zen et al. (2014) Factor analysis
Analysis discrimination method
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the bivariate estimation procedure that following the notation
established above is P(Y1 = 1|Y2 = 1) − P(Y1 = 1|Y2 = 0).

Results

The estimation of the model

The results of the bivariate probit estimation of Eqs. (5) and
(6) are presented in Table 6. Note that preliminary estimations

allowed grouping some of the categories initially defined for
Earnings (Hearnings with Mearnings), Relationship with la-
bour market (Unocc with Pensioner and with Student), and
City Size (Small_CitywithMed_City) reducing in this way the
number of these kind of variables included in the final model.

Moreover, the results of the independence test between the
error terms of Eqs. (5) and (6) are presented in Table 7.

The Wald test, which is distributed as χ2
1, has a value of

41.1827. The corresponding p value (zero) implies that the
null hypothesis H0 : ρ = 0 is rejected, so both error terms
are non-independent. This result allows us to conclude that we

Table 3 Selected explanatory
variables Dependent variable: Separate (collect separately their e-waste= 1, otherwise = 0)

Explanatory variables

Set 1: personal and household characteristics

Factor Variable Description

Age Until20 There are members who are until 20 years (yes = 1; no = 0)

M20to30 There are members who are from 20 to 30 years (yes = 1; no = 0)

M30to45 Household with members who are from 30 to 45 years

(yes = 1; no = 0)

M45to60 There are members who are from 45 to 60 years (yes = 1; no = 0)

M60to70 There are members who are from 60 to 70 years (yes = 1; no = 0)

More70 There are members who are more than 70 years (yes = 1; no = 0)

Nmembers Nmembers Number of persons living in the household

Married Married Marital status (married =1; otherwise = 0)

Earnings Hearnings Monthly earnings more than 2700€ (yes = 1; no = 0)

Mearnings Monthly earnings between 1101€ and 2700€ (yes = 1; no = 0)

Learnings Low earnings (monthly earnings less than 1101€, otherwise = 0)

Origin Origin The origin of the respondent (people born in Spain = 1; 0 = otherwise)

Education Beatt Basic educational attainment (yes = 1; no = 0)

Meatt Medium educational attainment (yes = 1; no = 0)

Heatt High educational attainment (yes = 1; no = 0)

Relationship with
labour market

Occ Occupied (yes = 1; no = 0)

Unocc Unoccupied (yes = 1; no = 0)

Pensioner Pensioner (yes = 1; no = 0)

Student Student (yes = 1; no = 0)

City Size Large_city Provincial capitals and cities with 100,000 or more inhabitants

(yes = 1; no = 0)

Med_city Cities from 20,000 to 100,000 inhabitants (yes = 1; no = 0)

Small_city Cities with less than 20,000 inhabitants (yes = 1; no = 0)

Gender Gender Gender of respondent (man = 1; woman= 0)

Set 2: Environmental attitudes

Factor Variable Description

Preoc_envir Preoc_
envir

Preoccupation with environmental issues (yes = 1; no = 0)

Awar_camp Awar_
camp

Knowledge of some environmental awareness campaign (yes = 1; no =
0)

Percep Percep Perception of environmental troubles in his/her neighbourhood in the
last year (yes =1; no = 0)
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must jointly estimate both Eqs. (5) and (6) as a bivariate probit
model, in order to obtain consistent estimates.

If we observe the left side of Table 6, corresponding to Eq.
(5), we can see the estimated parameters of factors that have a
direct effect on the decision of households to deposit their e-
waste at collection points. The coefficients ofPreoc_envir and
Origin are both positive, and they have the highest values. The
estimated parameter ofNmembers is also positive, although its
value is lower.

On the other hand, the estimated parameters corresponding
to the variables Large_city, Learnings, and Occ are negative.
Thus, respondents living in a large city have a probability of
separating e-waste lower than that of respondents living in
medium/small cities (control group). With respect to the
Learnings variable, individuals with low incomes have a low-
er probability of recycling than those with medium or high

levels of income (control group). Analogously, working indi-
viduals have a smaller probability of separating e-waste, with
respect to people in other labour situations (control group
including student, unoccupied, or pensioner).

Finally, regarding the age interval dummies, we observe a
negative sign for M20to30, indicating that the presence of
people between 20 and 30 years old in the household reduces
the probability of separating e-waste against the households
where there are no people of this age range. However, the
presence of people from the other age ranges considered in-
creases this probability, as indicates the positive sign of their
estimated coefficients.

Focusing now on the right side of Table 6, corresponding
to Eq. (6) whose dependent variable is Preoc_envir, we can
see the factors that have a direct effect on the probability of
having environmental concern and also an indirect effect on
the probability of separating e-waste, which is our main inter-
est. In this way, it should be noted that there are four variables
in Eq. (6) (Learnings, Large_city, Origin, and the interval age
dummies) that also appeared in Eq. (5). In all of them, the sign
of both direct and indirect effects is the same so the environ-
mental concern of individuals reinforces the effect of these
socio-economic variables on separating e-waste.

Furthermore, the variables married, gender, and basic and
high education (Beatt and Heatt), as well as those that reflect
the influence of knowledge of environmental issues
(Awar_camp and Percep), have only indirect effects. In this
way, the sign of the estimated coefficients of these variables
shows how they contribute to sorting e-waste intentions
through their environmental concern.

Table 4 Descriptive statistics of the variables

Set 1: personal and household characteristics

Factor Variable Mean Std. Dev.

Age Until20 0.344 0.475

M20to30 0.253 0.434

M30to45 0.417 0.493

M45to60 0.355 0.478

M60to70 0.199 0.399

More70 0.258 0.438

Nmembers Nmembers 2.596 1.234

Married Married 0.559 0.496

Earnings Hearnings 0.123 0.328

Mearnings 0.547 0.498

Learnings 0.330 0.470

Origin Origin 0.243 0.429

Education Beatt 0.574 0.494

Meatt 0.268 0.443

Heatt 0.157 0.364

Relationship with labour market Occ 0.478 0.499

Unocc 0.058 0.233

Pensioner 0.253 0.435
Student 0.037 0.188City Size Large_city 0.378 0.485

Med_city 0.378 0.485

Small_city 0.243 0.429

Gender Gender 0.453 0.498

Set 2: environmental attitudes

Factor Variable

Preoc_envir Preoc_
envir

0.783 0.412

Awar_camp Awar_camp 0.615 0.487

Percep Percep 0.260 0.439

Table 5 Variables of the bivariate probit model (5)–(6)

Eq. (5) Eq. (6)

Vector x Vector z

z1 Y2

Learnings Preoc_
envir

Learnings

Origin Beatt

Occ Large_ciy

Large_ciy Gender

Nmembers Married

M20to30 Origin

M45to60 Heatt

M60to70 Awar_
camp

More70 Percep

M20to30

M45to60

M60to70

More70
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As can be seen in Table 6, women and married people
show a higher tendency to separate their e-waste than men
and single people, respectively.

As we have just seen, the estimated coefficient of every
regressor allows us to know the direction of the change in
the probability when a regressor changes. However, it is pos-
sible that the effect of the age of members of the household on
the probability differs depending on the level of earnings, the
labour situation, and so on. In order to take this into account,
we have defined some interaction variables (the product of the
dummies of two different factors) to be included as regressors
in Eq. (5). Specifically, interactions between the age interval
of members in the household and the city size provide signif-
icant results. The results of the estimation of this bivariate
probit model with interactions are shown in Table 8.

As we can see in Table 8, the Wald test indicates that the
errors of Eqs. (5) and (6) are not independent, so the bivariate
probit model procedure is adequate.

Table 8 shows that parameters of all interaction terms (δ11,
δ12, andδ13) are significant at 5% and 10%, except that of
Large_M20to30 (δ10). This non-significance means that the
city size (large or small) does not affect the change in the
probability of separating e-waste between households with
individuals from 20 to 30 years old and those without them.
Analogously, to have or not to have individuals in this age
range has no influence on the effect of city size on the prob-
ability of separating. This result is different for the other age
ranges, as we can derive from the statistical significance ofδ11,
δ12, andδ13.

Regarding the other explanatory factors considered in the
model, we see that Occ is only significant at 10%, while the
others are significant at 1% and 5%. The sign of the coeffi-
cients in Table 8 holds with respect to those of the previous
estimation without interactions (Table 6). The estimated mag-
nitude for parameters of variables not affected by the interac-
tion is also held.

The marginal effects

The average marginal effects corresponding to the bivariate
probit model without interactions (see Table 6) are presented
in Table 9. It is noteworthy that Preoc_envir has the largest
value among the marginal effects (0.3381), followed by
Origin (0.1789).

Then, in the estimation of Eq. (5), four interaction terms
were introduced: (Large x M20to30), (Large x M45to60),
(Large x M60to70), and (Large x More70). As we can see
in Table 10, from these four interaction terms, it is possible to
define sixteen categories based on age range of household
members and city size.

In Tables 11, 12, and 13, the marginal effects for the model
with interaction variables are presented. Note that the calcula-
tion of those corresponding to regressors with interactions is
quite different from that described in (3). Details about the
way of obtaining them are in Appendix 1. Specifically,
Table 11 shows the average marginal effects of the city size
for every age range and Table 12 the average marginal effects
of the age intervals for large cities and for small cities.

Focusing on Table 11, the first row shows the change in the
probability of separating e-waste between large and small cit-
ies, when there are household members in a given age range.
Thus, if the household includes members belonging to the age
range 20–30 years old, the probability of separating e-waste in
a large city decreases by 0.022 in comparison with a medium
to small city. There are almost no differences in probability
between large and small cities if there are members in the age
intervals 45–60 years old (0.0057) and more than 70 years old
(a change of 0.0083). When there are individuals between 60
and 70 years old, the probability slightly increases (a change
of 0.018).

The second row of Table 11 provides the changes in prob-
ability between large and small cities when there are no indi-
viduals in a given age interval. We see that in large cities, this
probability is lower than that in small cities, whatever the age
interval considered.

In the model without interactions, the probability of sepa-
rating e-waste in a large city was lower by 0.014 than in a
small city, as we can see in Table 9. Now, in Table 11, we can
see absolute values lower and higher than 0.014, being some
of them positive.

The two rows of Table 12 give the change in probability
when we compare the households with and without members

Table 6 Bivariate probit estimation results

Eq. (1)
Dependent variable: Separate

Eq. (2)
Dependent variable: Preoc_envir

Regressors (z1) Coefficient value Regressors (z) Coefficient value

Const –0.7972*** Const 0.3897***

Preoc_envir 0.8679*** Learnings –0.0673***

Learnings –0.2140*** Beatt –0.1866***

Origin 0.5081*** Large_ciy 0.0780***

Occ –0.0439* Gender –0.1403***

Large_ciy –0.0439** Married 0.1386***

Nmembers 0.0522*** Origin 0.1477***

M20to30 –0.0801*** Heatt 0.1055***

M45to60 0.1991*** Awar_camp 0.5051***

M60to70 0.1500*** Percep 0.4034***

More70 0.1075*** M20to30 –0.0446*

M45to60 0.0833***

M60to70 0.0648**

More70 –0.1866***

*, **, and *** indicate statistical significance at the 10%, 5%, and 1%
level, respectively
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from a given age range. As we can see in Table 9, without
interaction between age and city size, the effects were –
0.0263, 0.0642, 0.0478, and 0.0345 for the four intervals,
respectively. Now, with interactions, the sign is held, but the
absolute value is larger when the household is in a large city,
indicating that the effect of the age of members in the house-
hold on the probability of recycling e-waste depends on the
city size.

It should be noted that having individuals from 20 to 30
years old in the household (i.e. those who consume most elec-
trical and electronic devices) reduces the probability of sepa-
rating e-waste in both large and small cities. Another notewor-
thy result is that the largest increase in the probability of sep-
arating e-waste occurs in those households in large cities
where some of its members are in the age ranges 45 to 60

and 60 to 70. Specifically, this probability increases by
0.083 and 0.073 with respect to households in large cities
where there is no member in these age ranges. In small cities,
these increases in the probability of separating e-waste in these
two age ranges are lower (0.052 and 0.032, respectively).

Hence, including interaction terms can provide more reli-
able estimations for the effects of the explanatory variables.
To complete this analysis, Table 13 shows the average mar-
ginal effects corresponding to the regressors included in the
estimated model with interactions (Table 8), but not implied in
the interactions. The results do not change with respect to
Table 9, as expected.

Discussion

In this study, we have observed that there are two relevant
factors in explaining the decision of households to collect
separately their e-waste for proper disposal: the preoccupation
with environmental issues and the origin of the people.

Regarding the first variable (Preoc_envir), the econometric
estimation reveals that it positively affects the attitudes of
households towards e-waste separation and collection. It
should be noted that this result is in line with the bulk of the
prior research concluding that a pro-environmental concern
encourages households to manage their e-waste appropriately

Table 7 Test of independence of the two equations in the bivariate
model

bρ –0.3509694

Hypotheses
H0 : ρ ¼ 0
HA : ρ≠0

Wald test
value

41.1827

Distribution χ2
1

p value 0.0000

Table 8 Estimation of a bivariate
probit model with interaction
variables

Eq. (1). Dependent variable: Separate Eq. (2). Dependent variable: Preoc_envir

Coeficient

name

Regressors (z1) Coefficient

value

Coeficient

name

Regressors (z) Coefficient

value

α1 Preoc_envir 0.8686*** γ0 Const 0.3895***

δ0 Const –0.7725*** γ1 Learnings –0.0674***

δ1 Learnings –0.2102*** γ2 Beatt –0.1863***

δ2 Origin 0.5078*** γ3 Heatt 0.1061***

δ3 Occ –0.0415* γ4 Large_ciy 0.0776***

δ4 Large_ciy –0.1173*** γ5 Gender –0.1403***

δ5 Nmembers 0.0524*** γ6 Married 0.1383***

δ6 M20to30 –0.0689** γ7 Origin 0.1476***

δ7 M45to60 0.1633*** γ8 Awar_camp 0.5049***

δ8 M60to70 0.1029*** γ9 Percep 0.4037***

δ9 More70 0.0724** γ10 M20to30 –0.0447*

δ10 Large_
M20to30

–0.0306 γ11 M45to60 0.0838***

δ11 Large_
M45to60

0.0951** γ12 M60to70 0.0656**

δ12 Large_
M60to70

0.1293** γ13 More70 –0.1861***

δ13 Large_More70 0.0966**

Wald test (for H0: ρ = 0) = 41.248, p value=0.0

*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively
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(e.g. Arbués and Villanúa 2016; Keuschnigg and Kratz 2018).
Therefore, the relevance of environmental concern in the in-
tention to properly disposal e-waste points to the crucial role
that environmental education must play in promoting proper
e-waste management in the households. It is noteworthy that
this result supports those of Pérez-Belis et al. (2015b) who
concluded that in order to avoid unsorted disposal of electric
and electronic toys, it was necessary to train and provide in-
formation to consumers about how to manage this kind of e-
waste properly.

Thus, it will be very important to reinforce the environmen-
tal awareness programmes related to SDGs promotion cam-
paigns, periodically designing campaigns of short duration
aimed at different education levels (from preschool to post-
secondary). In addition, emphasis should be placed on intro-
ducing into the contents of science subjects (for example, in
the Spanish secondary education level curriculum, there is a
subject labelled scientific culture) several topics that reinforce
concern about the environmental problems of hazardous
waste in general and e-waste in particular. In summary, envi-
ronmental education should be a lifelong learning process to
promote a proactive environmental citizenship. In this context,
the collaboration between environmental authorities (national,

regional or local), the educational system, producers and com-
panies (as remark Pérez-Belis et al. 2015b), communication
media, and even the so-called influencers, who have a great
capacity to impact their followers on social networks, should
be enhanced to ensure engagement of households in e-waste
separate collection.

Focusing on the second variable (Origin), the positive sign
of its estimated parameter indicates, as well as Lakhan (2015)
and Zen et al. (2014), that there are discrepancies in attitudes
of households towards their e-waste management depending
on the origin of their members. Specifically, this positive sign
means that individuals born in Spain tend to separate their e-
waste more often than those born in other countries.
Furthermore, this result suggests, in line with Pearson et al.
(2012) and Perry and Williams (2007), that the practice of
separating e-waste is influenced by the perception of the prob-
lems related to e-waste in their origin countries and by their
consumption patterns (i.e. people from developing countries
and some regions of Eastern Europe tend to practise “infor-
mal” recycling and reuse). It will therefore be important to
spread measures in different languages since many of the peo-
ple born out of Spainwho do not come from Latin America are
often not fluent in the Spanish language. Additionally, given
the different levels of environmental concern among nations
around the world, the migrant social networks (diaspora orga-
nizations, nongovernmental organizations, religious and cul-
tural organizations, and so on) should play an important role in
getting the message about the importance of recycling across
to these communities.

A further factor considered in the study with a positive
estimated parameter is the household size (Nmembers). Note
that this result is consistent with many previous empirical
works such as that of Martinho et al. (2017), Pérez-Belis
et al. (2015b), or Sidique et al. (2010), among others.
Further, the value of this estimated parameter is quite low,
so the probability of households properly managing the e-
waste increases slightly with their size. Its shows consistency
with Sidique et al. (2010) and Lo and Liu (2018) which indi-
cate that the effects of household size on proper waste man-
agement are limited.

On the other hand, we can also observe in the study that
Large_city, Learnings, and Occ have negative estimated co-
efficients. As we have indicated above, in the case of

Table 9 Average
marginal effects of
bivariate probit model
without interaction
variables

Eq. (1).

Dependent variable: Separate

Regressors(z1) Coefficient value

Preoc_envir 0.3381***

Learnings –0.0712***

Origin 0.1789***

Occ –0.0142*

Large_ciy –0.0143**

Nmembers 0.0169***

M20to30 –0.0263***

M45to60 0.0642***

M60to70 0.0478***

More70 0.0345***

*, **, and *** indicate statistical signifi-
cance at the 10%, 5%, and 1% level,
respectively

Table 10 Name of the groups
defined through interaction
variable

Age interval A:

20–30 years

Age interval B:

45–60 years

Age interval C:

60–70 years

Age interval D:

more than 70

With Without With Without With Without With Without

Large GL1_
A

GL0_A GL1_
B

GL0_B GL1_
C

GL0_C GL1_
D

GL0_D

Small GS1_A GS0_A GS1_B GS0_B GS1_C GS0_C GS1_D GS0_D
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Large_city, this negative relationship means that respondents
living in a large city have a probability of separating e-waste
lower than that of respondents living in a medium or small
city. Although several prior studies find a positive sign for this
variable (e.g. Aprile and Fiorillo 2019; Dwivedy and Mittal
2013), this result supports the findings that distance to collec-
tion points is a barrier to recycling obtained by Hage et al.
(2009) and Sorkun (2018), among others. It is noteworthy that
in Spain, the collection points to deposit e-waste are usually
on industrial estates located outside the city, so that separate
disposal of e-waste implies storage, time, and transport costs
for individuals. The larger the city, and the greater the distance
to the collection point, these costs grow, and recycling efforts
decrease.

Concerning the Learnings variable, its negative estimated
coefficient implies that the individuals with low incomes have
a lower probability of properly disposing their e-waste than
those with higher levels of income. This negative relationship
is similar to that observed in many preceding works, such as
those of Song et al. (2012) and Zen et al. (2014), and may be
related to the fact that informal recycling sometimes can be a
source of additional income for these households.
Furthermore, this result is in line with the positive sign of
the estimated coefficient of the variable Origin. In Spain, ac-
cording to INE (2020), the average income per person of for-
eign residents is lower than that of the Spanish nationals (a
47.78% below in the case of non- EU foreigners and 35.44%
below in the case of UE foreigners).

On other hand, the negative estimated coefficient of Occ
indicates that working individuals have a smaller probability
to dispose of their e-waste correctly, than people who are in
other labour situations. This is a piece of evidence that few
prior empirical works have found (Sidique et al. 2010; Yakob
et al. 2020). However, this negative relationship is consistent
with the idea implicit in the estimated coefficient for
Large_city, which pointed out that time availability is a rele-
vant factor in recycling activities. Thus, working people are
probably to have more time constraints than unemployed,

students, or retired people to conduct recycling activities on
a regular basis and even for disposing their e-waste at collec-
tion points (e.g. incompatibility between their working hours
and the opening hours of the collection points).

Regarding age, the relations estimated between age inter-
vals and recycling behaviour are in parallel with previous
studies (Sidique et al. 2010; Sorkun 2018). Specifically, our
study shows that the presence of people between 20 and 30
years old in the household reduces the probability of properly
managing their e-waste against the households where there are
no people of this age range. However, the presence of people
from the other age ranges considered increases this probabil-
ity, as indicates the positive sign of their estimated coeffi-
cients. This result is consistent with the fact that households
with young members tend to have more electronic devices
(smartphones, tablets, laptops, etc.) than households without
them. Furthermore, as remark Martinho et al. (2017), it is
common for young people to keep their old devices as an
alternative in case of breakdown or loss of the new one.
Sometimes, the lack of knowledge between young people
about where to deliver the old devices (Martinho et al. 2017)
and the inconvenience of having to go to a specific location
are other factors influencing this result.

At this point, it should be noted that the results obtained
from the interaction between the age of the individuals and the
size of the city show the need to focus greater attention on
people between 20 and 30 years old living in large Spanish
cities. This calls attention to the importance of designing cam-
paigns adapted to the digital communication and of using the
trending social networks among young people (e.g. YouTube,
Twitch, TikTok, or Instagram) as priority channels for spread-
ing messages about the importance of properly managing e-
waste. It is noteworthy that, as Pérez-Belis et al. (2015b)
show, the way in which campaigns convey the environmental
information is key to their success.

Similar to previous empirical works, such as Aprile and
Fiorillo (2019), De Feo and De Gisi (2010), and Pearson
et al. (2012), our estimation finds that women and married

Table 11 Average marginal effects of city size

20–30 45–60 60–70 More than 70

Pr(GL1)-Pr(GS1) –0.0221737*** 0.005785 0.0184338 0.0083113

Pr(GL0)-Pr(GS0) –0.0116819*** –0.0256195*** –0.022623*** –0.0226978***

*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively

Table 12 Average marginal
effects of age ranges 20–30 45–60 60–70 More than 70

Pr(GL1)-Pr(GL0) –0.032939*** 0.0838692*** 0.0738832*** 0.0541919***

Pr(GS1)-Pr(GS0) –0.0224472** 0.0524647*** 0.0328264*** 0.0231828**

*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively
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people are more prone to properly manage their e-waste than
men and single people, respectively. It is noteworthy that this
positive relationship between these variables and recycling
behaviour may be explained by the fact that in Spain, accord-
ing to INE (2011), women dedicate more time than men to
both household tasks (such as sorting waste) and volunteer
activities (including pro-environmental activities). Regarding
the effect of the educational variables considered, the sign of
the coefficients (negative for basic education and positive for
high education) indicates that the higher the level of educa-
tion, the more likely for the households to separate their e-
waste. This finding corroborates the importance of education
to commit people to adopting proactive environmental atti-
tudes, such as proper management of their e-waste (Pérez-
Belis et al. 2015b). This positive correlation between high
education and recycling behaviour is consistent with most
previous papers, as those of Aprile and Fiorillo (2019), Liu
et al. (2020), Sidique et al. (2010), and Sorkun (2018), among
others.

Finally, note that most of the results obtained in our
study indicate that the time and knowledge of how to
access the collection points are a major impediment to
adequately separate e-waste. For this reason, it is neces-
sary to implement measures aimed at improving the col-
lection point networks (i.e. extending their opening hours,
installing e-waste drop-off points in shopping centres and
retail stores, or increasing the frequency and the number
of mobile e-waste collection points) and the information
about where and how households can dispose of their e-
waste to be recycled.

Concluding remarks

The purpose of this paper is to analyse the factors
influencing the intention of Spanish households to sepa-
rate their e-waste for proper disposal. Our analysis shows
that environmental concern should be considered as an
endogenous binary variable, rather than exogenous, when

analysing the determinants of behaviour towards separate
collection of e-waste. This is a very relevant result that
has clear implications for policymakers, since it indicates
that to properly analyse the environmental behaviours of
households such as e-waste separate collection, it is nec-
essary to estimate a two-equation binary model, rather
than the commonly used one-equation probit, because
the latter obtains inconsistent estimates.

Moreover, another advantage of the two-equation model
estimation procedure carried out in this paper is that it allows
us to observe both direct and indirect effects of the regressors
on the probability of separating e-waste. It is important to
remark that the preoccupation with environmental issues be-
haves as an endogenous factor, being a function of several
exogenous regressors, which may affect the probability of
separating e-waste in an indirect way. This is also very impor-
tant information for policymakers seeking to select the priority
groups for an e-waste recycling programme.

Thus, the results obtained from the two-equation binary
model allow us to segment individuals in order to define
adequately which users should be the focus of a specific
campaign to encourage e-waste separation and collection
because it allows policymakers to identify which factors
directly and indirectly influence household behaviour. It
is a proven fact that adopting measures tailored to the
characteristics of the individual increases the effectiveness
of e-waste management for two reasons: first, it will im-
prove the level of knowledge of the environmental prob-
lems arising from the hazardous components of e-waste,
and secondly, it will reinforce the conservation message
embodied in these measures.

Specifically, the results obtained in the study point to two
main ways of intervention: reinforcing environmental educa-
tion (both from a formal and an informal approach) and re-
ducing the costs of properly disposing of e-waste by improv-
ing the collection point networks.

Finally, we should note that this study has some limitations
that open up interesting paths for future research. First, the
empirical analysis has been carried out using cross-sectional
data. Because past situations can influence future decisions, a
next step of study could be to analyse the relationships be-
tween household e-waste attitudes and its drivers using time
series or panel data. This kind of data can allow us to observe
the evolution of the variables over time and to use other ana-
lytical procedures (e.g. unit root test, cointegration test) in line
with other research developed in near areas such as CO2 emis-
sions, as we can see in Lin and Xu (2020) and Xu and Lin
(2018). Secondly, the study is focused on urban households
from Spain. For this reason, an interesting next step of analysis
would be to replicate our methodological purpose to other
countries with different socio-economic and cultural charac-
teristics. In this way, future research should also cover house-
hold e-waste separation and disposal in rural areas.

Table 13 Average
marginal effects with
interaction variables

Eq. (1). Dependent variable: Separate

Regressors (z1) Coefficient value

Preoc_envir 0.3381***

Learnings –0.0698***

Origin 0.1787***

Occ –0.0135*

Nmembers 0.0170***

*, **, and *** indicate statistical signifi-
cance at the 10%, 5%, and 1% level,
respectively
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Appendix

For the case of households with/without members from 20 to
30 years old, the interaction variables allows to distinguish the
following four categories:

• Group GL1_A: Household is in a large city with some
members from 20 to 30 (Large_city=1, M20to30=1, and
Large_M20to30=1).

• Group GS1_A: Household is in a small city with some
members from 20 to 30 (Large_city=0, M20to30=1, and
Large_M20to30=0).

•Group GL0_A: Household is in a large city without some
members from 20 to 30 (Large_city=1, M20to30=0, and
Large_M20to30=0).

•Group GS0_A: Household is in a small city without some
members from 20 to 30 (Large_city=0, M20to30=0, and
Large_M20to30=0).

If we want to obtain the average marginal effect of the city
size in households with members between 20 and 30 years of
age (age interval A) we must calculate:

Pr GL1 Að Þ−Pr GS1 Að Þ
¼ Φ xβ Large city ¼ 1;M20to30 ¼ 1; Large M20to30 ¼ 1jð Þ−
Φ xβ Large city ¼ 0;M20to30 ¼ 1; Large M20to30 ¼ 0jð Þ

However, if there is nobody in this age interval, the mar-
ginal effect will be:

Pr GL0 Að Þ−Pr GS0 Að Þ
¼ Φ xβ Large city ¼ 1;M20to30 ¼ 0; Large M20to30 ¼ 0jð Þ−
Φ xβ Large city ¼ 0;M20to30 ¼ 0; Large M20to30 ¼ 0jð Þ

Now we want to obtain the marginal effect of having peo-
ple of interval A in the household against not having members
of this age. In large cities, this partial effect will be calculated
as:

Pr GL1 Að Þ−Pr GL0 Að Þ
¼ Φ xβ Large city ¼ 1;M20to30 ¼ 1; Large M20to30 ¼ 1jð Þ−
Φ xβ Large city ¼ 1;M20to30 ¼ 0; Large M20to30 ¼ 0jð Þ

However, in a small city this effect is given by:

Pr GS1 Að Þ−Pr GS0 Að Þ
¼ Φ xβ Large city ¼ 0;M20to30 ¼ 1; Large M20to30 ¼ 1jð Þ−
Φ xβ Large city ¼ 0;M20to30 ¼ 0;Large M20to30 ¼ 0jð Þ

Analogously, we obtain the marginal effects corresponding
to the other interval age (B, C, and D), in order to obtain the
values of the cells in Tables 7 and 8.
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