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The use and consumption of mobile devices are increasing thanks to easy access to this type
of technology, which inherently increases the generation of electronic waste. The objective
of this study is to determine the psychometric properties of an instrument that measures
adolescent attitudes towards the management of electronic waste. A validation of con-
tent and construct supported by the application of exploratory and confirmatory factorial
analysis was performed. The findings show that this scale could be applied in high school
student populations and could be input for various works of research.

Keywords: attitude, electronic waste, adolescents, measurement scale, psychometric proper-
ties, educational innovation.

Propiedades psicométricas de un instrumento que mide las actitudes de los adolescentes
hacia la gestién de residuos electrénicos

El uso y el consumo de dispositivos méviles estdn aumentando gracias al fécil acceso a este
tipo de tecnologfa, que aumenta de forma inherente la generacién de residuos electrénicos.
El objetivo de este estudio es determinar las propiedades psicométricas de un instrumento
que mide las actitudes de los adolescentes hacia el manejo de los desechos electrénicos.
Se realizé una validacién de contenido y construccién respaldada por la aplicacién de and-
lisis factorial exploratorio y confirmatorio. Los resultados muestran que esta escala podria
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aplicarse en poblaciones de estudiantes de secundaria y podria ser aportada para diversos
trabajos de investigacién.

Palabras clave: actitud, desechos electrénicos, adolescentes, escala de medicién, propiedades
psicométricas, innovacién educativa.

Propriedades psicométricas de um instrumento que mede as atitudes dos adolescentes em
relagio ao gerenciamento eletronico de residuos

O uso e consumo de dispositivos mdveis estdo aumentando gragas ao fécil acesso a esse tipo
de tecnologia, 0 que aumenta inerentemente a geragao de lixo eletrdnico. O objetivo deste
estudo é determinar as propriedades psicométricas de um instrumento que mede as atitudes
dos adolescentes em relagio ao gerenciamento de residuos eletronicos. Foi realizada uma
validagio do contetido e construto apoiado pela aplicagio da andlise fatorial exploratéria e
confirmatdria. Os resultados mostram que essa escala pode ser aplicada em populagoes de
estudantes do ensino médio e pode contribuir para vérios trabalhos de pesquisa.
Palavras-chave: atitude, lixo eletrdnico, adolescentes, escala de medicio, propriedades psico-
métricas, inovagio educacional.

Propriétés psychométriques d’un instrument qui mesure les attitudes des adolescents
envers la gestion électronique des déchets

Lutilisation et la consommation d’appareils mobiles augmentent grice a un acces facile a
ce type de technologie, ce qui augmente intrinséquement la génération de déchets élec-
troniques. Lobjectif de cette étude est de déterminer les propriétés psychométriques d’'un
instrument qui mesure les attitudes des adolescents envers la gestion des déchets électro-
niques. Une validation du contenu et de la construction appuyée par I'application d’une
analyse factorielle exploratoire et confirmatoire a été effectuée. Les résultats montrent que
cette échelle pourrait étre appliquée dans les populations d’éléves du secondaire et pourrait
étre entrée pour divers travaux de recherche.

Mots-clés: attitude, déchets électroniques, les adolescents, échelle de mesure, propriéeés psy-
chométriques, innovation pédagogique.
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Electronic waste generation is expected to increase due to the
excessive development of Information and Communications Technol-
ogies (ICT). This type of waste includes contaminants and harmful
elements, including lead, chromium, mercury, cadmium, and arsenic.
Some of these metals persist in the environment and result in contami-
nation through bioaccumulation in plants and animals (Jara, 2017;
Londono et al., 2016). Furthermore, the manufacture of electronic
devices requires elements that when extracted destroy ecosystems, river
basins, and protected areas, in most cases due to the illegal extraction of
minerals, especially in the Amazon (Mongabay-Latam, 2018).

Meanwhile, human beings are unaware of the socio-environmental
implications of generating this type of unconventional waste (Pascuas,
Cruz et al., 2018). As a response, UNESCO (2017) states within its
sustainable development goals that action must be taken on behalf of
the climate and to protect the use of sustainable terrestrial ecosystems.
According to the above, it is preponderant to analyze environmental
behaviors and attitudes, given the deterioration that human beings
are causing to ecosystems, especially if one takes into account what
is causing the production of electronic devices and the generation of
electronic waste.

In the attempt to minimize the negative impact on the envi-
ronment, instruments have been developed and validated to assess
environmental attitudes, thus having, for example, an instrument for
measuring pro-environmental attitudes in Venezuelan schoolchildren
(Campos et al., 2008). Other research includes an environmental atti-
tudes questionnaire (Corraliza & Berenguer, 1998), attitudes towards
electronic waste recycling in Mexico (Arroyo, 2014), environmental
attitudes of children in school (Izadpanahi & Tucker, 2018; Wu, 2012),
attitudes of high school students (DeWaters et al., 2013; Zamorano et
al., 2012), of young university students (Herrera et al., 2016), measure-
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ments of the environmental literacy of teachers (Aznar et al., 2019;
Boubonari et al., 2013; Farida & Hadiansah, 2019) and the measure-
ment of eco-spirituality (Suganthi, 2019).

The lack of such scales adapted to the characteristics of the Amazon
region, its type of population, and the need to collect information about
the problem is significant evidence of the absence of instruments that
address the issue of electronic waste. Therefore, this research is geared
towards determining the psychometric properties of an instrument to
measure attitudes that adolescents (high school students) have toward
the management of electronic waste from cell phones and tablets.

Attitudes for prioritizing the environment

Attitudes are part of human life and behavior; they are learned
and acquired in the course of social interactions in various spaces. As
they are learned, they are likely to be modified. Hence, there is evi-
dence that attitudes formed on the basis of experiences are stronger in
behavior; that is why intense attitudes have a more significant impact
on behavior and are more resistant to change. Attitudes are seen as
one of the key aspects that are addressed in environmental education
for the construction of environmental culture. At the same time, envi-
ronmental education has been defined as an active methodology for
changing attitudes and instilling values favoring the environment,
especially in young students. What is sought is to achieve a healthier
behavior of the human being in his interactions with the environment
(Castanedo, 1995).

In turn, Rokeach (1968) considers attitudes as the organization
of various beliefs centered on a specific consideration (physical or
social, concrete or abstract, for example), which predisposes a person
to respond in a certain way through an action. Attitudes are considered
to be manifestations and indicators of the conscious experience, the
verbal behavior and daily behavior of a subject or group of them about
a situation, object or another person, in order to develop an emotion,
learn new knowledge and, above all, to take action. This is how atti-
tudes could be modified over time, through persuasive strategies in
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propitious moments (Brifol et al., 2002; Taborda & Gongalves, 2020;
Pereyra et al., 2019).

In the meantime, attitudes have a structure made up of three
components that interact with each other. The first is the cognitive
component that is composed of the beliefs, perception, information,
and knowledge that one has about an object. The second component is
the affective, considered as the feeling that evaluates the level of liking
or displeasure with a social object. Finally, the third component is the
behavioral, defined as the tendency and willingness to react, in a certain
way, to objects. This dimension also covers both the intentions of con-
duct and the actions (Aigneren, 2008).

Therefore, an environmental attitude is defined as a predisposition
towards actions for or against the environment, and for this reason,
an attitude attends the learnings or beliefs about the subject and the
willingness (favorable or unfavorable) to act in a determined direction.
Positive environmental attitudes are the opinions that are held about
protecting the environment and conserving resources, and they influ-
ence behaviors. Beliefs and attitudes influence values and, in turn, affect
the way of life of human beings and their environment (Camacho &
Jaimes, 2016).

In relation to the above, Alvarez & Vega (2009) define the environ-
mental attitude as “the favorable or unfavorable feelings that are held
towards some characteristic of the environment or towards a problem
related to it” (p. 247); it is characterized by being a direct determi-
nant of the predisposition towards actions in favor of the environment.
The attitudes and the intention to act have a significant influence on
behavior when other factors do not prevent it from taking place.

However, it is indicated that there is no correspondence between
what humans know and the attitudes with respect to environmentally
responsible behavior. There is evidence that interventions to guide
environmental education with attitudes do not always give rise to
environmentally friendly behaviors, creating an inconsistency between
environmental attitudes and behavior. For this reason, lasting changes
must be generated in people’s behavior; since attitudes are those that
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determine it, they are the elements necessary for changing environ-
mental behavior. It is concluded that behavior is a manifestation of
attitude (Pdramo, 2017).

In this sense, given the complexity of measuring aspects that could
be framed as attitudes, measurement techniques that use scales arise.
The scales allow variable attitudinal values to be represented by a score,
usually in “questionnaires composed of a set of questions that have a
structure of items or propositions used to quantify characteristics or
variables of social behavior” (Aigneren, 2008, pp. 1-2).

However, considering that in some cases, people tend to give
socially acceptable answers, there may be an incongruity between what
a subject expresses that he does and what he actually does, implying
that he is better than he is actually, even in anonymity (Castanedo,
1995). Hence, humanity’s challenge in the face of the environmental
crisis is to have the coexistence of a high degree of concern and the
capacity for social change so that there is a powerful effect that results
in environmental sustainability (Moreno et al., 2005).

Method

A quantitative study was conducted with a defined scope and a
trans-sectional survey design. This type of research design is commonly
used in social or behavioral science research and consists of the applica-
tion of surveys or instruments for measuring variables of interest, where
quantitative or numerical data are collected which will ultimately be
analyzed quantitatively (Creswell, 2009; Ornstein, 2013; Ruel et al.,
2016).

Sample

A non-probabilistic sampling was used for convenience, where
there was a collaboration of 447 students, of whom 231 (51.7%) were
male and 216 (48.3%) female; they also reported ages of 13.9 years
(§D=1.7) and 13.5 (SD=1.94), respectively. Participants were from
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two public high school in Florence Caquetd, Colombia; 359 (80.3%)
attended the one educational institution, and 88 (19.7%) were enrolled
in other educational institution. There were six different grades repre-

sented (See Table 1).

Table 1
Participation frequency by academic grade.

Grade Frequency Percentage ?g;i?;:eted
6 109 24.4 24.4

7 103 23.0 47.4

8 90 20.1 67.6

9 57 12.8 80.3

10 30 6.7 87.0

11 58 13.0 100.0

Measures

The instrument had as a starting point the proposal of Pascuas,
Chico et al. (2018) in terms of identifying the incidence of the level
of schooling in attitudes and perceptions about managing this type of
waste. A survey-type instrument was organized and adapted with 24
items to be measured using a Likert scale ranging from a value equal to
0 (totally disagree) to 4 (totally agree). It should be noted that easy-to-
understand words and sentences were used for the students; attitudes
towards the use of electronic waste, specifically, cell phones and tablets,
were defined.

In addition to the above, an exercise in the operationalization of
the variable was carried out, where was presented the description or
theoretical definition of the different measured dimensions, the authors
who supported the said construction, and an example of the behavior
(item) that is measured (see Table 2).
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Table 2
Operationalization of the variable attitude

Dimension  Description Authors Example of item

Affective Alludes to the (Garcia et al., I am saddened by the
feelings generated ~ 2011; Mufioz &  pollution generated
towards pollution  Dorinda, 2008) by the manufacture

and destruc2tion of of devices and
the Amazon due to the generation of
the manufacture of electronic waste.

electronic devices
and the subsequent
generation of
electronic waste.

Cognitive ~ The student’s (Herndndez I consider myself one
knowledge about  etal., 2002; de  more species of the
the management  Castro, 2001; Amazon ecosystem.

of electronic waste Moon et al.,
from cell phones 2017)
and tablets

Behavioral ~ The behavioral (Cabas & de I am giving another

tendency toward ~ Durdn, 2010; person, whom I

the management  Villacieros et al,  can help, the parts
of electronic waste 2018) or damaged device
from cell phones when I send my cell
and tablets or tablet to be fixed.

Procedure

The following steps were carried out for the purpose of this study:

(1) Request authorization from the directors of the educational
institutions.

(2) Delivery of the consent form informing the parents about the
voluntary participation of students.

(3) Adaptation of the measuring instrument from the Google docs
online forms.
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(4) Application of the measuring instrument to the students in the
computer room of the respective institutions.

(5) Data capture and analysis, using the Szatistics and AMOS sta-
tistical packages from the software, Swtistical Package for the Social
Sciences (SPSS) version 26.

(6) Interpretation and publication of results.

Data analyses

Was performed the Exploratory Factor Analysis with Principal
Components extraction method and Varimax orthogonal rotation, to
determinate construct validity; likewise, was used the Blartlett sphe-
ricity test and Kaiser-Meyer-Olkin values to evaluate the model fit and
the pertinence.

On the other hand, was used Confirmatory Factor Analysis with
structural equation modeling and supported by SPSS AMOS version
26. To determinate the suitability of the model, the following index
were evaluated:

e Absolute adjustment index:
»  Likelihood ratio (X2)
* Discrepancy between variance and covari-
ance matrices (CMIN / df)
e Goodness of fit (GFI)
*  Root Mean Square Residual (RMR)
e Incremental adjustment index:
e Normed Fit Index (NFI)
* Incremental Index of Fit (IFI)
*  Comparative Fit Index (CFI)
e DParsimony index
*  Rootmean square of approximation (RMSEA)

Finally, the reliability was evaluated by the internal consistency
index obtained using the Cronbach’s alpha.
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Results

Content Validity

This activity involved eight professors with research experience in
the fields of education, environment, and technology; they were rep-
resentatives of five different recognized universities in Mexico, Brazil,
and Colombia. The judges were given a battery of 24 items organized
in three dimensions; namely, affective, cognitive, and behavioral.

With respect to the opinion, comments, observations, and sug-
gestions received by the participating experts and in accordance with
Escobar and Cuervo (2008), if 80% of the experts have agreed on the
validity of an item, it can be incorporated into the instrument; oth-
erwise, it must be modified, adjusted, or relocated among the three
components and/or new items in the instrument must be created. In
general, 18 attitudes met this criterion. Table 3 summarizes the deci-
sions of the experts to make changes to the attitudes contained in the
instrument; the actions carried out as a result of this revision led to the
adjustment of items and the drafting of new attitudes, resulting in an
increase in the number of items in the instrument.

Table 3
Decisions to adjust the instrument based on the judgment of the experts.

Number of items

Dimension

Initial Relevant  Adjusted  Incorporated  Final
Affective 7 3 4 7 14
Behavioral 9 5 4 1 10
Cognitive 8 3 5 3 11
Total 24 11 13 11 35
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Construct Validity
Exploratory facrorial analysis

The Exploratory Factor Analysis (EFA) was performed using
the method of extraction from a principal components analysis and
a Varimax rotation. The results of the Bartlett Sphericity test (x? =
470.87, p 2.000, g/=36) and the Kaiser-Meyer-Olkin (KMO) value of
.82 serve as evidence to claim that the proposed model has a good fit
(Cea, 2002; Martinez et al., 2009).

In addition, two criteria were used for the inclusion of items: (1)
factorial load greater than .40, a criterion suggested for samples of 200
participants (Hair et al., 1999) and (2) communalities greater than .30
and less than .75 (De Vellis, 2009; Field, 2009). Once these criteria
were met, a two-factor solution was obtained that explains 55.17% of
the variance with nine items (Merenda, 1997) (Table 4).

Table 4
Factorial analysis of the two factors and the communalities (Annexed 1)

Factorial Loads
Items
F1 F2
I am interested in knowing how to help keep the 73 .57

Amazonian ecosystem free of electronic waste.

It angers me to hear about episodes of pollution caused by
electronic wast e, as well as deforestation, illegal mining, .72 .52
contamination of the river by mercury.

I would like to teach and sensitize my family, neighbors,
and friends about electronic waste and the problems .70 Sl
they generate.

I am saddened by the pollution generated by the
manufacture of devices and the generation of electronic .69 49
waste.

I would be very happy if electronic devices and waste
didn’t contaminate planet earth.
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Factorial Loads
Items
F1 F2
I would like to participate actively in the recycling 62 43

processes of electronic waste.

I am giving another use to the electronic parts of cell
phones or tablets that no longer work, such as doing 85 .73
crafts and/or science projects.

I take to a specialized collection site the parts or damaged
device when I send my cell phone or tablet to be fixed.

J7 .62

I am giving another person, whom I can help, the parts or
damaged device when I send my cell or tablet to be fixed.

72 .55

Confirmatory factor analysis

According to the results of the EFA, a model to measure “high
school students’ attitudes toward electronic waste management” is pro-
posed, which is composed of two factors: (1) the behavioral approach
and (2) the affective approach (see Figure 1).

1am interested in knowing how to help keep the Amazonian ecosystem free of
electronic waste.

Itangers me to hear about episodes of pollution caused by electronic waste, and
deforestation, illegal mining, and contamination of the river by mercury.

I wouldlike to teach and sensitize my family, neighbors and friends about
electronic waste and the problems they generate.

Affective

| am saddened by the pollution generated by the manufacture of devices and the
generation of electronic waste.

1 would be very happy if electronic devices and waste didn't contaminate planet
earth.

I would like to participate actively in the recycling processes of electronic waste.

I am giving another use to the electronic parts of the cellphones or tablets that no
longer work, such as doing crafts and/or science projects.

I take the parts or damaged device to a specialized collection site when | send my

Behavioral | cell phone or tablet to be fixed.

| am giving another person, who | can help, the parts or damaged device when |
send my cell or tablet to be fixed.

Figure 1. A theoretical model for measuring adolescent atticudes towards
electronic waste management.
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Subsequently, for the verification of the model, an exercise of
structural equations was performed, where the method of maximum
likelihood estimation was used for the determination of the goodness
of fit between the theoretical model and the empirical, thus obtaining
a satisfactory adjustment, which can be seen in the indices presented

in Table 5.

Table 5

Indices of adjustment of the model to measure attitudes.
Absolute Incremental ~ Parsimony adjustment
adjustment Adjustment

df X*** GFI RMR NFI [FI CFI RMSEA CMIN/df

.055
Model 26 4559 .95 .05 .91 .96 .95 1.75
(IC 027,081]

=010

From the results shown above, it is possible to affirm that there are
no significant discrepancies between the variance-covariances matrices
observed and those predicted by the model; this assertion is also based
on correlations between the factors and significant regression coeffi-
cients (see Figure 2).
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1 am interested in knowing how to help keep the Amazonian
ecosystem free of electronic waste.

It angers me to hear about episodes of pollution caused by electronic
waste, and deforestation, illegal mining, and contamination of the
river by mercury.

=

g Affective
/ S
I|"

I would like to teach and sensitize my family, neighbors and friends
about electronic waste and the problems they generate.

| 1am saddened by the pollution generated by the manufacture of
devices and the generation of electronic waste.

Iwould be very happy if electronic devices and waste didn't
contaminate planet earth.

Aqeee
‘ I would like to participate actively in the recycling processes of
|, electronic waste.

\

\

1 am giving anather person, who | can help, the parts or damaged
| device when | send my cell or tablet to be fixed.

o — —
{// ke I am giving another use to the electronic parts of the cellphones or
A Behavioral .70*== -+ tablets that no longer work, such as doing crafts and/or science
/ projects.
e— " = 66T

~a Itake the parts or damaged device to a specialized collection site
when I send my cell phone or tablet to be fixed.

Figure 2. An empirical model of the scale for measuring adolescent
attitudes towards electronic waste management.

Reliability

Reliability was determined through the analysis of internal consis-
tency using Cronbach’s alpha. In Table 6, it is possible to observe that
the correlations between the elements exceed the minimum value of
.30 determined for consideration in the analysis, while the scale shows

a reliability of .75, resulting in an acceptable score according to (De
Vellis, 2009).

Table 6

Consistency Analysis

Ttem Item Correlation
ems Scale

I am interested in knowing how to help keep the 52

Amazonian ecosystem free of electronic waste.

It angers me to hear about episodes of pollution
caused by electronic waste, and deforestation, illegal .36
mining, and contamination of the river by mercury.
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Item Correlation

Items Scale

I would like to teach and sensitize my family, neighbors,
and friends about electronic waste and the problems 43
they generate.

I am saddened by the pollution generated by the

manufacture of devices and the generation of electronic .56
waste.

I would be very happy if electronic devices and waste 56
didn’t contaminate planet earth. ’

I would like to participate actively in the recycling 44

processes of electronic waste.

I am giving another use to the electronic parts of cell
phones or tablets that no longer work, such as doing 40
crafts and/or science projects.

I take my cell phone or tablet to a specialized collection

site when I send the parts or damaged device to be fixed. 38
I am giving another person, whom I can help, the parts

or damaged device when I send my cell or tablet to be .32
fixed.

Conclusions

Proposing and discussing experiences of attitudes towards the use
of mobile devices and things related to electronic waste is an emerging
topic little consolidated. Similarly, there are not enough studies ana-
lyzing attitudes towards the management of electronic waste from
and for the Colombian Amazon region. This is how, in the face of the
environmental problems generated by this type of waste, the need and
urgency to develop this kind of research for the entire population is
evident.

The instruments for determining psychometric properties and
the measurement scales are a priority for addressing environmental
issues. The contribution of instruments that measure attitudes towards

151



Revista de Psicologia, Vol. 39 (1), 2021, pp. 137-159 (ISSN 0254-9247)

environmental conservation is broad and undeniable; however, not all
report evidence of the validity and reliability of the data they collect,
which leaves in doubt the results that are derived from them. Addition-
ally, there are those that only report reliability (Campos et al., 2008;
Corraliza & Berenguer, 1998; Farida & Hadiansah, 2019; Herrera et
al., 2016; Zamorano et al., 2012), although these have results that may
be considered desirable in terms of internal consistency, i.e., scores less
than .90. On the other hand, two instruments have been found that,
in addition to reliability, add evidence of construct validity, where one
reports a scale with 14 items with low reliability and explaining min-
imal variance through a method of extraction that, in this last item, is
flexible (Izadpanahi & Tucker, 2018). Finally, a survey was analyzed
that used Exploratory Factor Analysis, resulting in four subscales with
regular KMO scores and some desirable Confirmatory Factorial Anal-
ysis indices of adjustment (Aznar et al., 2019).

The analysis of the instrument resulted in an empirically sustain-
able and parsimonious two-dimensional measurement model, given
that it consists of a total of nine items. The adjustment of the instru-
ment to measure attitudes in adolescent students determines that it is
sustainable to be used. Despite being a two-dimensional instrument,
it would support decision-making in research. It is therefore recom-
mended to continue with this instrument and confirm the presented
results of environmental attitudes of adolescent high school students
towards electronic waste management. In addition, this would allow
teachers and researchers to gather evidence on environmental issues,
highlighting that it is likely to be improved with new validation pro-
cesses.

This analysis helps to explore and identify characteristics of atti-
tudes towards electronic waste among high school students in Florence
Caquetd, a population group similar to many others in Colombia and
Latin America. This indicates that the construction of a theoretical
model that includes the identified factors should be continued. In this
way, its usefulness is multiplied, serving both the purposes of research
and the construction of environmental culture. Finally, quantitatively
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understanding attitudes could play an important role among the ado-
lescent students; indeed, through the quantification and application,
various factors could be identified (personal, school, family, sociode-
mographic, contextual) to which environmental educational strategies
should be targeted and prioritized.
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Annex 1. Instrumento para medir las actitudes hacia el uso de residuos

(version original)

Items

1. Me interesa conocer cémo ayudar a conservar el ecosistema
amazonico, de los residuos electrénicos.

2. Me enoja escuchar sobre episodios de contaminacién provocada
por los residuos electrénicos, al igual que la deforestacién, mineria
ilegal, contaminacién de los rios por mercurio.

3. Me gustaria ensenar y sensibilizar a mis familiares, vecinos y
amigos sobre los residuos electrénicos y las problemdticas que
generan.

4. Me provoca tristeza la contaminacién generada por la fabricacién
de dispositivos y la generacion de residuos electrénicos.

5. Serfa muy feliz si los dispositivos y residuos electronicos no con-
taminaran el planeta tierra.

6. Me gustaria participar activamente en procesos de reciclaje de
residuos electrénicos.

7. Les doy otro uso a las partes electrénicas de los celulares o tabletas
que ya no funcionan, como por ejemplo hacer manualidades y/o
proyectos de ciencias.

8. Llevo a un sitio de recoleccién especializado, las partes o el dis-
positivo dafado, que resulta cuando mando a arreglar mi celular
o tableta.

9. Doy a otra persona, quién pudiera servirle, las partes o el dis-

positivo dafiado, que resulta cuando mando a arreglar mi celular
o tableta.
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