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Abstract. While end-of-life mobile phones make up a growing fraction of the total volume of waste
electrical and electronic equipment (WEEE) generated worldwide, their collection rate remains low.
In order to address this problem, it is necessary to understand individual consumers’ disposal
behaviors, especially in the context of developing countries. Accordingly, the aim of this study is to
assess the determinants of disposal behaviors regarding waste mobile phones in a country lacking
well-established systems. This study conceptualizes a model based on the theory of planned
behavior and proposes five types of disposal behaviors: keeping, reselling, donating, recycling, and
discarding. Models were tested using a survey administered to residents of Jakarta, Indonesia.
Through use of structural equation modeling, this study shows that improving environmental
awareness can stimulate subsequent responsible disposal behaviors. It also reveals that throwing
waste mobile phones into mixed bins is common practice in Indonesia.
Keywords: Confirmatory factor analysis; Disposal behavior; Structural equation modeling;
Theory of planned behavior; Waste electrical and electronic equipment (WEEE);
Waste mobile phones

1. Introduction
In recent years, global society has witnessed a rapid growth in the electronics industry
with the advance of technology. Therefore, it is only natural that the amount of waste
electrical and electronic equipment (WEEE) being generated is also increasing at an
alarming level (Ardi and Leisten, 2016). To prevent WEEE from contaminating the
environment, societies needs to handle the problem of WEEE with specific management
systems. It is estimated, however, that only 20% of the total WEEE volume worldwide is
recycled properly (Baldé et al., 2017). The fate of unrecycled WEEE remains unknown;
however, as these numbers indicate, WEEE is becoming a critical problem in many
countries because most of the unrecycled waste could contaminate soil, water and air (Ardi,
2016). This is especially true in developing countries such as Indonesia, which tend to be
characterized by a lack of infrastructure and a low rate of recycling (Magista et al., 2018;
Prabowo et al., 2019).
One type of WEEE that merits special attention is waste mobile phones. Sales of mobile
phones are increasing at a rate of over 40% per year (Xu et al., 2016). In Indonesia, the
penetration levels of primary and internet-capable mobile phones have reached 98% and
78% of households, respectively (Puspitasari and Ishii, 2016). It is not out of the question
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that Indonesia will have generated over 40 million end-of-life mobile phone units by
2028 (Santoso et al., 2019).
Every mobile phone contains hazardous elements, including lead, mercury, arsenic,
polychlorinated biphenyls, and fluorinated cooling fluids, as well as potentially recoverable
precious materials, such as gold, silver, copper, and palladium (Nnorom et al., 2009; Sarath
et al., 2015). However, among all types of WEEE, waste mobile phones are the most difficult
to collect in the formal recycling sector because, for a variety of reasons, many consumers
keep their obsolete mobile phones in their households (Polák and Drápalová, 2012; Wilson
et al., 2017).
Currently, the Indonesian government incorporates WEEE into its general regulations
on hazardous waste, which are challenging to enforce owing to a lack of well-developed
systems (Yunita et al., 2019). If the current situation continues without intervention,
informal recycling businesses might begin to flourish, and it then could threaten the official
systems. One crucial initiative necessary for motivating solutions is understanding
residents’ disposal behaviors. This is a key factor for the development of an improved waste
management system (Chi et al., 2014). Many scholarly works rely on the theory of planned
behavior (TPB) to predict disposal behaviors (Ari and Yilmaz, 2016). The TPB model
includes an analysis of the underlying factors that shape an individual’s intentions and their
subsequent behaviors, including attitude (AT), subjective norms (SN), and perceived
behavioral control (PBC).
Several studies have used and expanded upon the basic TPB relationships to analyze
disposal behaviors. Borthakur and Govind (2018) analyzed Bangalorean residents’ public
understanding of WEEE disposal using the conventional TPB model and, interestingly,
argue that PBC could not be a driver of disposal intentions because of an absence of
information regarding recycling programs available to consumers. In contrast, Ari and
Yilmaz (2016), who used Turkish housewives as their respondents, reveal that in this case
PBC (together with SN) actually was a determinant of recycling behavior. Wang et al.
(2016), in their Chinese case study, extend the TPB model’s factors by including
environmental awareness and by breaking down PBC into convenience of recycling, cost of
recycling, and perception of informal recycling. Though the new PBC variables were
significant in their case study, these details are not yet relevant in Indonesia because of the
absence of regulation, lack of infrastructure, and a relatively less dominant informal sector
when compared with China (Chi et al., 2014; Yunita et al., 2019).
Seacat and Nortrup (2010) incorporated motivation as a predictor of recycling
behaviors. The present study here also employs motivation as a proposed determinant
because obligation-based intrinsic motivation is particularly applicable for environmental
behavior considerations, and because the world recognizes Indonesian citizens as some of
the most frequent participants in volunteering causes (Devina, 2018; Van der Werff et al.,
2013). Aminrad et al. (2013) and de la Vega (2004) show that environmental awareness
influences environmental knowledge and attitude. Aminrad et al. (2013) and Goudeau
(2014) argue that environmental knowledge has a positive impact on attitude and
motivation. Hence, it is crucial to consider environmental awareness and environmental
knowledge in surveying Indonesians in an urban setting because the educated group there
has relatively better knowledge and higher awareness toward environmental problems
than its general public living (Sudarmadi et al., 2001).
Using an extended model of TPB, this study aims to identify the factors that influence
disposal behaviors regarding end-of-life mobile phones and the relationships among these
factors. It collects a set of data from a survey administered to the residents of Jakarta and
then subjects the data to structural equation modeling (SEM) analysis to reveal causal
relationships. The remainder of this paper is organized as follows: Section 2 consists of a
literature review regarding the status of waste mobile phone management, WEEE disposal
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behaviors in general, studies on TPB and SEM. Section 3 explains the methodology used in
this study to conceptualize the model and survey procedures. Section 4 discusses the results
of confirmatory factor analysis (CFA) and path analysis in SEM. Finally, the last section
outlines the crucial findings of this study and offers insights for future studies.
2.

Literature Review

The official recycling system pay more attention to end-of-life mobile phones than
other forms of WEEE because of the associated significant economic opportunities and their
low collection rate (Baxter and Gram-Hanssen, 2016; Cucchiella et al., 2016). Since the
introduction of pioneering works by the Swiss SWICO Recycling program in 1999, many
other industrial nations have developed initiatives to manage waste mobile phone, either
by conducting collection projects, by including mobile phones in WEEE-specific regulations,
or by analyzing the disposal behaviors of residents (Borthakur and Govind, 2017; Sarath et
al., 2015).
Disposal behaviors for generic WEEE have been reported quite extensively in the
literature, but discussions specific to waste mobile phones are limited (Pérez-Belis et al.,
2014; Sarath et al., 2015). Li et al. (2012), one of the few existing studies on this topic,
attempts to assess disposal behaviors regarding retired mobile phones based on the
experiences of Chinese university students. The authors surveyed 1,011 respondents and
found not only that most respondents replaced their mobile phones after two or three years
of usage, but also that most of them stockpiled their retired mobile phones in their houses.
Sarath et al. (2015), in a comprehensive review, reported on the limited number of studies
on disposal behaviors regarding waste mobile phones based on analyses done in China,
Germany, Nigeria, and Europe. These authors noted that the collection rate of retired
mobile phones remains limited in most countries. Borthakur and Govind (2017) examined
consumers’ disposal behaviors in developed and developing countries and found that the
situations were drastically different between these countries.
The theory of planned behavior, from Ajzen (1991), is an extension of the theory of
reasoned action. It includes an analysis of perceived behavioral control, which describes
the perceived difficulty of an actor when conducting the behavior of interest (Xu et al.,
2017). This notion is somewhat parallel to the concept of the psychological contract, in
which an employee’s perception of what he or she will contribute to an organization and
what he or she will gain in return are factors seen to influence the employee’s behavior
(Anvari et al., 2013). Previous works have studied WEEE disposal behaviors from a TPB
perspective, including a study on the causes of positive intentions and recycling behaviors
in Brazil (Echegaray and Hansstein, 2017). Using an extended version of TPB on a sample
of 806 households, the Brazilian study revealed that although most respondents had
positive intentions regarding responsible disposal behaviors, only a few of them behaved
accordingly in practice. Likewise, Borthakur and Govind (2018) surveyed 300 purposely
selected respondents from India. They found that while most participants had positive
intentions regarding WEEE recycling, only a small fraction of them were aware of the
existing Indian WEEE regulations, which contributed to problems in the official collection.
Structural equation modeling (SEM) is a general statistical modeling methodology that
combines factor analysis and path analysis to understand the relationships between
theoretical constructs. Previous works have utilized SEM to assess the disposal behaviors
of WEEE in several countries, including Pakistan, Turkey, and China (Kochan and Prybutok,
2016; Wang et al., 2016; Gilal et al., 2019).
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Methodology

3.1. Model Conceptualization
This study utilizes a model that integrates TPB with other models, as depicted in Figure
1.

Figure 1 Model conceptualization under investigation

1) This study defines intention (IN) as a person’s willingness to dispose of his/her mobile
phone using formal systems (Wang et al., 2016).
2) Attitude (AT) toward a behavior is how a person evaluates the disposal behavior itself
(Ajzen, 1991; Wang et al., 2016).
3) Subjective norm (SN) is a person’s perception of the beliefs of other people, which could
influence his/her intention to engage in responsible disposal behaviors (Borthakur and
Govind, 2018).
4) Perceived behavioral control (PBC) refers to a person’s perception of whether it is
difficult or easy to dispose of a waste mobile phone (Ajzen, 1991; Borthakur and Govind,
2018).
5) Disposal behavior (DB) in this study is extended based on the model of disposition
decision taxonomy presented in Jacoby et al. (1977). Accordingly, this study breaks
down disposal behavior into five specific disposal modes: keeping, reselling, donating,
recycling, and discarding.
6) Motivation (MO) in this study is “the energizing force that activates behavior and
provides purpose and direction to that behavior” (Seacat and Northrup, 2010; Shim,
1995).
7) Environmental awareness (EA) is a sensitivity to environmental issues (Athman and
Monroe, 2001).
8) This study defines environmental knowledge (EK) as a deeper understanding of the
basics of environmental issues (Athman and Monroe, 2001).
After selecting the model constructs, the hypotheses presented in Table 1 were
proposed to assess relationships that could help predict the selected disposal behaviors.
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Table 1 The proposed hypotheses under study
Hypothesis
H1
H2
H3
H4
H5
H6
H7
H8
H9

Relationship
Environmental awareness has a
significant effect on attitude

Notation
EA → AT

Reference
Aminrad et al. (2013)

Environmental awareness has a
significant effect on environmental
knowledge
Environmental knowledge has a
significant effect on attitude
Environmental knowledge has a
significant effect on motivation
Attitude has a significant effect on
intention
Subjective norm has a significant effect
on intention
Perceived behavioral control has a
significant effect on intention
Motivation has a significant effect on
intention
Intention has a significant effect on
disposal behavior

EA → EK

Aminrad et al. (2013), de
la Vega (2004)

EK → AT

Aminrad et al. (2013)

EK → MO

Goudeau (2014)

AT → IN

Ajzen (1991)

SN → IN

Ajzen (1991)

PBC → IN

Ajzen (1991)

MO → IN

Seacat and Northrup
(2010)
Ajzen (1991)

IN → DB

3.2. Questionnaire Design and Data Collection
The model used in this study consists of 26 operating variables, which were developed
based on the literature review and discussions with experts (academics who work in the
field of analysis). The questionnaire consisted of 50 questions that used a seven-point Likert
scale, which ranged from 1 (strongly disagree) to 7 (strongly agree). The participants in this
study were residents of Jakarta, which has an estimated population of over 10 million
people and accommodates 1.38 million commuters from other cities in the Greater Jakarta
region daily (Irawan and Pragesari, 2014). With its very dense population, Jakarta produced
almost 7,099,080 m3 of waste per day in 2016, though there is no record of the exact amount
of WEEE generated (Hutabarat and Ilyas, 2017; Purba et al., 2017).
Table 2 Demographic variables
Demographic variables
Age (years)
17–20
21–30
31–40
41–50
51–60
Education level
High school and below
Diploma
Bachelor
Master and doctoral
Income
≤ IDR1,000,000
IDR1,000,001–IDR3,000,000
IDR3,000,001–IDR6,000,000
≥ IDR6,000,001

N

Percentage

337
241
6
9
4

56%
40%
1%
2%
1%

397
37
151
9

66%
6%
25%
3%

317
170
77
33

53%
28%
13%
6%
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The questionnaire used in this study gathered 597 respondents, of which 59% were
female (Table 2). Utmost effort was made to ensure that the study sample represented
Jakarta’s demographic profile, including the ratio of respondents’ sex, ages of mobile phone
users, and representation from each region. However, because of time and resource
constraints, this study had to satisfy itself with fulfilling the requirements for structural
equation modeling (SEM), while attempting to maintain a representative demographic
profile. To use SEM accurately, a minimum of 200–400 samples are required (Jackson,
2001). Therefore, a sample size of 597 was considered acceptable as the basis for this
analysis. When data from the first 65 respondents was tested it was revealed that all model
constructs fulfilled the requirement of Cronbach’s alpha α ≥ 0.6 (Hinton et al., 2014).
4.

Results and Discussion

4.1. Results of the Measurement Model Test
The measurement models were tested using the confirmatory factor analysis (CFA)
method. The CFA method aims to find the factor loading of each variable and check the
goodness of fit (GOF) of the measurement models. Variables with a factor loading of less
than 0.5 were considered not significant (Igbaria et al., 1997). This test identified five
indicators for the keeping behavior, four indicators for the reselling behavior, three
variables for the donating behavior, four indicators for the recycling behavior, and four
variables for the discarding behavior that had to be deleted from the models. To evaluate
the fitness of the measurement models, this study used several indicators, as shown in
Table 3. Overall, the results show that all the model indices exceeded the acceptable level.
Table 3 Results of GOF for measurement models
Indicator

Model Value and Interpretation
Keeping

Reselling

Donating

Recycling

Discarding

3.39
(good fit)

3.72
(good fit)

4.05
(good fit)

4.08
(good fit)

4.05
(good fit)

Goodness-of-Fit
Index (GFI)

0.898
(marginal fit)

0.888
(marginal fit)

0.879
(marginal fit)

0.875
(marginal fit)

0.87 (marginal fit)

Normed Fit Index
(NFI)

0.869
(marginal fit)

0.885
(marginal fit)

0.882
(marginal fit)

0.864
(marginal fit)

0.865 (marginal fit)

Comparative Fit
Index (CFI)

0.903
(good fit)

0.913
(good fit)

0.910
(good fit)

0.893
(marginal fit)

0.894 (marginal fit)

Incremental Fit
Index (IFI)

0.904
(good fit)

0.913
(good fit)

0.911
(good fit)

0.894
(marginal fit)

0.895 (marginal fit)

0.845
(marginal fit)

0.865
(marginal fit)

0.861
(marginal fit)

0.840
(marginal fit)

0.841 (marginal fit)

Relative ChiSquared

Relative Fit Index
(RFI)

4.2. Results of Path Analysis
The next step was to assess whether one latent variable had a significant influence on
another latent variable. A relationship between two variables is significant if the p-value is
less than or equal to 0.05. The path coefficient for each hypothesis is compiled in Table 4.
In the model for predicting the keeping behavior, of the nine hypotheses that were
subjected to the test, seven were accepted. Subjective norm had no significant influence on
intention. This appears to be because keeping a waste mobile phone is a private behavior
that is usually unseen by anyone else. The decision to hold a waste mobile phone can also
be a result of the personal attachment of the owner to the phone.
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Table 4 Results of path coefficients
Model Relationship
(Significant at pvalue < 0.05)

Keeping
Path
Coef.

Reselling

pvalue

Path
Coef.

pvalue

Donating
Path
Coef.

pvalue

Recycling

Discarding

Path
Coef.

pvalue

Path
Coef.

pvalue

EA

→

AT

0.28

0.000

0.279

0.000

0.253

0.000

0.24

0.000

0.287

0.000

EA

→

EK

0.516

0.000

0.515

0.000

0.607

0.000

0.54

0.000

0.511

0.000

EK

→

AT

0.559

0.000

0.563

0.000

0.572

0.000

0.609

0.000

0.552

0.000

EK

→

MO

0.125

0.011

0.195

0.000

0.495

0.000

0.597

0.000

–0.085

0.083*

AT

→

IN

0.026

0.526*

0.062

0.06*

0.064

0.113*

–0.82

0.092

–0.079

0.024

SN

→

IN

–0.001

0.982*

0.016

0.681*

0.059

0.143*

0.116

0.009

0.215

0.000

PBC

→

IN

0.132

0.01

0.015

0.779*

0.048

0.274*

0.183

0.000

0.089

0.043

MO

→

IN

0.574

0.000

0.855

0.000

0.758

0.000

0.697

0.000

0.672

0.000

IN

→

DB

0.777

0.000

0.786

0.000

0.798

0.000

0.726

0.000

0.596

0.000

Note: *not significant at p-value < 0.05

Moreover, attitude has no crucial impact on intention because of unfamiliarity
regarding how to dispose of mobile phones. In the model for predicting the reselling
behavior, six of the nine hypotheses were accepted. Of the accepted hypotheses, subjective
norm did not have a significant impact on intention for the reselling behavior. Reselling an
end-of-life mobile phone can be motivated by the desire for money; however, attitude did
not have a substantial effect on either keeping or reselling. The difference is that perceived
behavior control was not significant in influencing intention of reselling.
In the model for predicting the donating behavior, six of the nine hypotheses were
accepted. Subjective norm did not have a significant influence on the intention of such
behavior. Like reselling behavior, subjective norm, attitude, and perceived behavior control
had no significant influence on intention. Awareness of social needs stems from a person’s
internal value code, which often cannot be influenced by other people’s opinions. In the
model of predicting the recycling behavior, of the nine hypotheses that were subjected to
the test, all of them were accepted. This finding was in line with the findings of previous
studies (de la Vega, 2004; Seacat and Northrup, 2010; Aminrad et al., 2013; Goudeau, 2014).
In the model for predicting the discarding behavior, of the nine hypotheses that were
tested, eight were accepted. Environmental knowledge did not have a significant
relationship with the motivation for discarding behavior. Although citizens know about the
dangers of discarding waste mobile phones with other garbage, they are still not concerned
enough about the environmental impacts of this action.
Table 4 depicts an interesting finding: the keeping, reselling, donating, and recycling
models all have the same valid pathway that can predict disposal behaviors (EA → EK → MO
→ IN → DB). This pathway means that increasing environmental awareness in society could
deepen the knowledge of ecological issues. This could then increase motivation to deal with
environmental problems, influencing consumers’ intentions to act accordingly. This finding
indicates one possible method for promoting responsible disposal behaviors. Notably, this
pathway is not valid for the discarding model, in which the pathway from environmental
awareness to disposal behaviors is EA → EK → AT → IN → DB. With this pathway, the
practice of throwing waste mobile phones into mixed bins would be solidified into a habit
in the city of Jakarta.
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Conclusions

The model in this study was developed based on the TPB model and tested based on a
survey conducted in Jakarta, the capital of Indonesia. This survey revealed several
noteworthy findings. In all the models, environmental awareness had a significant effect on
environmental knowledge. Environmental knowledge itself significantly influences attitude.
Motivation has a substantial influence on intention, while intention has a significant impact
on all types of disposal behaviors. Therefore, environmental knowledge significantly affects
individuals’ motivations for keeping, reselling, donating, or recycling waste mobile phones.
Additional significant factors include: subjective norm, which has an influence on
individuals’ intention of recycling or discarding mobile phones; perceived behavioral control
which has a significant influence on the behaviors of keeping, recycling, or discarding waste
mobile phones; and attitude, which has a significant impact on the intentions of recycling
or discarding waste mobile phones.
There are several limitations in this study that offer directions for future improvement.
This study focused solely on the residents of the city of Jakarta, excluding other areas in the
Greater Jakarta area (i.e., Bogor, Depok, Tangerang, and Bekasi). These cities are effectively
linked into one urban area through the daily movement of thousands of workers. Moreover,
most of the respondents in this study were in the age range of 17–30 years, commonly
classified as Generation Y (i.e., Millennials) and Generation Z. It would be interesting if a
future study could perform a multigenerational analysis, completing the data with the Baby
Boomer generation.
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