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Motivating factors behind the public’s use of smart
recycling systems: perceived playfulness and
environmental concern
Liyuan Liu 1✉ & Yen Hsu 2

Smart cities around the world are seeking effective ways to recycle waste. A smart recycling

service system is a new recycling method that allows people to engage in environmental

protection. Previous studies on recycling have only focused on environmental concerns.

Whether public intention to use smart recycling is influenced by environmental concern or

perceived playfulness has yet to be explored. Therefore, this study proposes a modified

technology acceptance model to discuss the impact of perceived playfulness and environ-

mental concern on public intention to use smart recycling systems. We adopted the max-

imum likelihood estimation method as the measurement model for this study. The results

show that both environmental concern and perceived playfulness motivate people to use

smart recycling systems. However, perceived playfulness impacts public intention more than

environmental concern and had the most significant impact among the four factors discussed

in this study. Therefore, when seeking to improve and promote smart recycling systems, the

focus should shift to promoting public intention to use and enhance their environmentally-

friendly behavior in a playful way. This study provides new insights into the improvement of

smart recycling systems and the implications for promoting them.
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Introduction

The increase in waste generation and accumulated envir-
onmental pollution have become significant threats to the
sustainable development of many countries worldwide

(Zhang et al., 2016). Therefore, it is necessary to implement smart
waste management systems to eliminate or reduce waste and
maintain hygienic conditions (Gupta et al., 2019). In recent years,
due to the extensive application of the Internet and commu-
nication technology, as well as the Internet of Things in waste
management, smart recycling has emerged as a new recycling
mode (Xue et al., 2019).

Smart recycling is based on new and evolving technology; it
allows for user convenience (Hong et al., 2014) and enables real-
time interaction (Chen et al., 2017). Specifically, smart recycling
integrates various smart components for efficient waste sorting
and recycling (Murugaanandam et al., 2018). In addition, smart
recycling uses gamification and rewards users with points, which
makes it fun (Briones et al., 2018). Users can learn about waste
sorting and relevant recycling knowledge through the interactive
display screens of smart recycling systems.

Smart recycling systems were first placed as public facilities in
smart cities to promote a clean and tidy environment (Xue et al.,
2019). However, reports indicate that the majority of smart
recycling systems are inefficient, and the promotion of smart
recycling systems has been unsuccessful. A change in public
intention to participate in recycling affects the recycling effec-
tiveness and the utilization rate of the recycling facilities (Bonino
et al., 2016). The use of recycling facilities is closely related to
environmental awareness, but the intention of residents to par-
ticipate in recycling is at odds with efforts to support the envir-
onmental initiative (B. Zhang et al., 2019). Therefore,
encouraging active public participation in smart recycling is a
challenge (Ma et al., 2017; Xiao et al., 2017).

Several studies have demonstrated the motivational effect of
playtime on user intention in various fields, including education
(Padilla-MeléNdez et al., 2013), computing (Bozionelos and
Bozionelos, 1997), and mobile communications (Hsieh and
Tseng, 2017). In the field of recycling, previous studies (Jekria and
Daud, 2016; Mtutu and Thondhlana, 2016; Yu et al., 2019) have
discussed the intention to recycle from the perspective of envir-
onmental concern, but without probing into the intention to use
smart recycling systems motivated by perceived playfulness and
environmental concern. The preliminary survey of this study
found that the fun features of smart recycling systems attract
users to participate in recycling. Therefore, it is necessary to
evaluate the influencing factors of the intention to use smart
recycling systems to create a method consistent with the public
intention to use them. The findings of this study can provide an
understanding of the factors that influence the degree of public
participation in smart recycling, and offers suggestions for
developing smart recycling systems.

In this study, the factors influencing the intention of urban
residents to use smart recycling systems are environmental con-
cerns, perceived playfulness, perceived usefulness, and perceived
ease of use. Moreover, we modified the technology acceptance
model (TAM) to explore the impact of environmental concern
and the sense of fun on public intention to use smart recycling
systems. The specific research objectives are as follows:

1. To explore whether the related hypotheses of environ-
mental concern and perceived playfulness are valid and
whether they affect residents’ intention to use smart
recycling systems;

2. To determine whether environmental concern and per-
ceived playfulness are the main variables that influence

public intention to use smart recycling systems, and their
effects and relationship;

3. To discuss how smart recycling systems could be improved.

The remainder of this paper is organized as follows: Section
“Literature review and hypotheses” is a literature review and
presents research hypotheses. Section “Methodology” describes
the research methods; section “Results” presents the results; sec-
tion “Discussion” discusses the results; and section “Conclusion”
provides conclusions. Section “Limitations and future research”
describes research limitations and proposes suggestions for future
research.

Literature review and hypotheses
Literature review
Technology acceptance model (TAM). Ajzen (1985) proposed the
Technology Acceptance Model (TAM) based on the Theory of
Rational Action (TRA) (Fishbein and Ajzen, 1977) and the
Theory of Planned Behavior (TPB), which are derived from
predicting behavioral intention (Ajzen, 1991). The TAM proposes
the concept of perceived ease of use, perceived usefulness, and
individuals’ behavioral intentions to use technology (Davis et al.,
1989). The TPB, and its extended model, are used to analyze the
recycling behavior in previous studies (e.g., Botetzagias et al.,
2015; Chan and Bishop, 2013; Cheung et al., 1999; Nigbur et al.,
2010; Oztekin et al., 2017; Tonglet et al., 2004). Smart recycling is
a new development with a technological orientation (Xue et al.,
2019), and many studies adopted the TAM to predict users’
acceptance of technology (Davis et al., 1989). The modified TAM
is a widely used theory to evaluate users’ acceptance of technol-
ogy, and the effectiveness of this model has been verified by
previous studies (Chen and Chao, 2011; Davis et al., 1989; Fish-
bein et al., 1980; Moon and Kim, 2001). Wu et al. (2019) dis-
cussed the role of public environmental concern through the
TAM (Wu et al., 2019). Moon and Kim (2001) introduced per-
ceived playfulness into the TAM (Moon and Kim, 2001).
Therefore, this study adopted the modified TAM to explore the
public’s intention to use smart recycling systems according to
four dimensions, namely perceived usefulness, perceived ease of
use, environmental concern, and perceived playfulness.

Flow theory. Moon and Kim (2001) extended the TAM by
including the flow-theory-based intrinsic motivation factor of
perceived playfulness. One variable that may affect users’ accep-
tance is the flow of intrinsic motivation factors, which can be
described as the process of the “best experience” or “most plea-
sant experience” (Csikszentmihalyi, 1990). According to flow
theory, positive subjective experience is important for one’s
engagement in activities. People are more likely to participate in
an activity if they “feel good” about it, i.e., having an intrinsic
motivation (Hoffman and Novak, 1996; Moon and Kim, 2001).
Flow theory emphasizes that playfulness is the most widely used
concept to measure people’s motivational behaviors (Lee et al.,
2009). Moon and Kim (2001) defined perceived playfulness as
“the degree to which an individual perceives his/her attention to
the interaction, maintains curiosity in the interaction process, and
finds the interaction pleasant or interesting in nature.” Perceived
playfulness is an important factor that motivates users to engage
with a system (Moon and Kim, 2001). Csikszentmihalyi (2014)
discussed the application of perceived playfulness as a dimension
in human–computer interaction, which provides a theoretical
method for measuring and studying perceived playfulness in
human–computer interactions (Webster et al., 1993).
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Motivation theory. The motivation theory explains people’s
behaviors (Benabou and Tirole, 2003). Motivation refers to the
broad tendency to engage in activities with intrinsic or extrinsic
orientation, including intrinsic and extrinsic motivation
(Vallerand, 2000). Benabou and Tirole (2003), Vallerand (2000),
and Davis et al. (1992) regarded perceived usefulness as extrinsic
motivation and enjoyment as intrinsic motivation (Benabou and
Tirole, 2003; Davis et al., 1992; Vallerand, 2000). Igbaria et al.
(1996, 1994) found that people’s use of systems is subject to the
influence of extrinsic motivation (perceived usefulness) and
intrinsic motivation (perceived enjoyment) (Igbaria et al.,
1996, 1994). Moon and Kim (2001) regarded perceived playful-
ness as an intrinsic motivation, positively correlated with per-
ceived usefulness and perceived ease of use (Moon and Kim,
2001). Intrinsic motivation factors contribute to people’s accep-
tance of technology (Malone, 1981). Previous psychological stu-
dies have emphasized two basic methods to motivate recycling
behavior. The first method focuses on the influence of the last
event or the latter event on behavioral change but pays little
attention to the possible cognitive process; the second method
focuses on evaluating and changing the values, beliefs, intentions,
and attitudes that are considered to be the motivations for most
behaviors (Vining et al., 1992). Davis et al. (1992) pointed out
that enjoyment can explain the significant difference in intention
to use and the concept of perceived usefulness (Davis et al., 1992).
Moon and Kim (2001) proposed “perceived playfulness” as an
individual’s significant internal belief to explain their behaviors
under intrinsic motivation (Moon and Kim, 2001). Intrinsic
motivation is also used to describe various environmental atti-
tudes and behaviors (Iacob et al., 2013; Koo and Chung, 2014;
Poortinga et al., 2004; Stern, 2000).

Hypotheses development
Perceived playfulness. Playfulness is the inherent motivation for a
person when using any new system (Venkatesh and Bala, 2008).
Playfulness is a complex variable that includes an individual’s
enjoyment, psychological stimulation, and interest
(Csikszentmihalyi, 2014). Moon and Kim (2001) explained per-
ceived playfulness from an individual’s perspective as follows: a
person (1) thinks that their attention is focused on the interac-
tion; (2) is curious about the interaction; and (3) finds the
interaction intrinsically interesting (Moon and Kim, 2001).

Further research has found that some subjects mentioned
engaging in environmental protection behavior to have fun (Koo
et al., 2015). Playfulness positively affects perceived usefulness
and ease of use (Moon and Kim, 2001). Previous studies (Lin
et al., 2005; Moon and Kim, 2001; Terzis et al., 2012) also
confirmed the positive effect of perceived playfulness on the
intention to use a new system. Padilla-MeléNdez et al. (2013)
verified that perceived playfulness is positively correlated with
perceived usefulness, perceived ease of use, and intention to use
(Padilla-MeléNdez et al., 2013).

Based on the above research, the perception of having fun, such
as perceived playfulness, is an incentive factor to promote
human-computer interaction, and the use of smart recycling
systems is a process of human–computer interaction. Therefore,
this study introduced perceived playfulness into TAM and
proposed the following hypotheses:

H1 Perceived playfulness has a positive influence on perceived
usefulness.

H2 Perceived playfulness has a positive influence on perceived
ease of use.

H3 Perceived playfulness has a positive influence on intention
to use.

H4 Perceived playfulness has a positive influence on environ-
mental concerns.

Environmental concern. Environmental concern is an inherent
factor that affects people’s actions regarding waste sorting and
recycling (Meng et al., 2019). With the deterioration of the
environment, the public has gradually become more aware of the
importance of environmental protection (Wang et al., 2017).
Previous studies have shown that environmental concern is
positively related to people’s environmental behaviors (Minton
and Rose, 1997), and those with a high level of environmental
concern show a high intention to engage in environmental pro-
tection activities (Greaves et al., 2013; Ha and Janda, 2012).
Related studies (Gamba and Oskamp, 1994; Jekria and Daud,
2016; Schahn and Holzer, 1990; Schultz and Oskamp, 1996) also
clarified the role and impact of environmental concern in recy-
cling. Wu et al. (2019) confirmed the positive influence of
environmental concern on perceived usefulness, perceived ease of
use, and behavioral intention. Therefore, the following hypotheses
are proposed:

H5 Environmental concern has a positive influence on
perceived usefulness.

H6 Environmental concern has a positive influence on
perceived ease of use.

H7 Environmental concern has a positive influence on
behavioral intention.

Perceived usefulness. Perceived usefulness indicates the degree to
which a person believes using a particular system would improve
their job performance (Davis, 1989). Smart recycling can improve
the efficiency of waste recycling and sorting (Zhang et al., 2019).
In extensive studies, the influence of perceived usefulness on
intention to use has been verified, and the impact of perceived
usefulness changes with external variables and structures (Wu
et al., 2019). In a simple model, without an antecedent variable,
perceived usefulness significantly influences intention to use and
sometimes attitude (Chen and Lu, 2016). When the model con-
tains other antecedent variables, perceived usefulness has a
positive and significant influence on intention to use, and external
variables play a role through perceived usefulness (Cheng and
Huang, 2013). The positive impact of perceived usefulness on
intention to use has been confirmed in smart systems (Kian-
pisheh et al., 2011; Koo and Chung, 2014; Park et al., 2015; Wang
et al., 2014); therefore, the following hypothesis is proposed:

H8 Perceived usefulness has a positive influence on the
behavioral intention to use smart recycling systems.

Perceived ease of use. Perceived ease of use refers to the extent to
which people think they are free from the physical and mental
effort when using a particular system or technology. Smart
recycling is easy to use (Zhang et al., 2019), and people like to use
relatively easy products (Davis, 1989). Previous research on smart
devices and systems has found that perceived ease of use impacts
perceived usefulness and intention to use. Previous research on
smart devices and systems (Chen et al., 2009; Dong et al., 2017;
Kranz et al., 2010; Stragier et al., 2010) found that perceived ease
of use affects intention to use and perceived usefulness. Therefore,
the following hypotheses are proposed:

H9 The perceived ease of use has a positive influence on the
behavioral intention to use the smart recycling system.

H10 The perceived ease of use has a positive influence on the
perceived usefulness.
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Proposed theoretical model. Based on the above discussion on
perceived playfulness, environmental concern, perceived ease
of use, perceived usefulness, and intention to use, the theore-
tical model and hypotheses are put forward, as shown in Fig. 1.
Perceived playfulness and environmental concern in the
modified TAM affect the intention to use smart recycling
systems.

Methodology
Survey design. This study’s questionnaire consists of three parts:
an introduction to the smart recycling systems, respondents’
demographic characteristics, and the measurement items (see
Supplementary Questionnaire).

In the first part, pictures (see Fig. 2) and videos were
presented to the respondents about the operational process of
smart recycling systems. Specifically, the operating procedure
is as follows: (1) open the interactive interface of the smart
recycling system or smart recycling application (app) on their
smartphones; (2) sort recycled items in the smart recycling
bins according to the type of recyclables; (3) score points on

the app, based on the weight and sorting accuracy of the
recyclables; and (4) collect points for small gifts, or play
interactive games in the smart recycling app.

The second part includes the respondents’ demographic
characteristics: gender, age, family income, family size, and usage.

The third part contains the items of the measurement theory
model and its hypotheses.

Research measurements. This study referred to the previous
scales and modified the items to meet the research purposes.
The scale of environmental concern (EC) was modified from
Ho et al. (2015), containing five items; the scale of perceived
playfulness (PP) was modified from Terzis et al. (2012),
including four items; the scale of perceived usefulness (PU)
was modified from Davis (1989) and Park et al. (2015), con-
taining four items; the scale of perceived ease of use (PEU) was
modified from Bettiga et al. (2020) and Venkatesh and Davis
(2000), containing three items; the scale of intention to use
(IU) was modified from Li et al. (2019) and Perrini et al.
(2010), containing three items. The research model consists of
five constructs, including 19 items, as shown in Table 1.

Selection of respondents and data collection. This study focused
on residents living in urban communities with smart recycling
systems to investigate the factors that impact the public use of
smart recycling systems. Ningbo City in China was chosen as the
research site for the following reasons:

1. Ningbo is one of China’s first 46 pilot cities for waste
sorting and recycling. It is the first city in China to
receive loans from the International Bank for the
household waste sorting project. Since the launch of
waste sorting in 2013, Ningbo has realized the full
coverage of waste sorting in central cities, and the
public’s awareness of garbage sorting and recycling has
increased from 35.7% to 93.7% (Xie, 2020).

2. Ningbo is a representative city of smart cities, and its
experience and efficiency in recycling are higher than in
other cities (Wang et al., 2020). Waste recycling is an
integral part of a smart city and significantly impacts
modern society (Dabran et al., 2018). Since 2018, Ningbo
has actively explored smart recycling and set up a city-wide
smart recycling system in many communities, which sets a
paradigm for other cities (Zhejiang Provincial Party
Committee Political Research Office Industry Division,
2020).

Based on the above reasons, Ningbo was chosen as a
representative and typical city for this study. The map of the
study area is shown in Fig. 3. The subjects of this study were
residents of local communities in Ningbo City equipped with
smart recycling systems.

Since smart recycling differs from traditional recycling modes,
this study focused on the impact of perceived playfulness and
environmental concern on public intention to use smart recycling
systems. Therefore, the respondents of this study all lived in
communities with smart recycling systems, and the data were
analyzed to compare the influence of these two factors and their
relationship.

The questionnaire was uploaded to a survey website (https://
www.wenjuan.com/list/), and electronic copies were sent via
social networking platforms (WeChat group) of those com-
munities in the form of a network link. Residents could click
the website link of the electronic questionnaire and answer the
questions voluntarily and anonymously. The initial research
hypotheses and items of the conceptual model were all

Fig. 1 The proposed theoretical model and hypotheses. This figure shows
that perceived playfulness and environmental concern are the modified
TAM that affects the intention to use smart recycling. This figure is not
covered by the Creative Commons Attribution 4.0 International License.
Reproduced with permission of Liyuan Liu; copyright © Liyuan Liu, all rights
reserved.

Fig. 2 Residents using the smart recycling system. This picture shows
residents using smart recycling. This figure is not covered by the Creative
Commons Attribution 4.0 International License. Reproduced with
permission of Liyuan Liu; copyright © Liyuan Liu, all rights reserved.
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measured with a seven-point Likert scale, where 1= “strongly
disagree” and 7= “strongly agree” (Ryu and Jang, 2006). The
researchers tested the questionnaires and answered them
within four minutes. For the electronic questionnaire, the
respondents were asked to take more than four minutes to
answer the questions, and those who responded to questions
for longer than four minutes were rewarded. A total of 378
questionnaires were received and 230 were valid after the data
quality control process, with a valid response rate of 60.8%.

Reasonable sample size in studies using structural equation
models is 10 times larger than the measured item (Bentler and
Chou, 1987; Jackson, 2003; Kline, 1998). Since there were 19
measurement items in this study, according to the suggestions of
Kline et al. (1998), a sample size >190 is considered reasonable.
The sample size of this study was 230, which is more significant
than 190, suggesting that our sample size was reasonable.

The primary data collected from the respondents included
their gender, age, educational level, income, family size, and

Table 1 Scales adopted to measure the psychological constructs antecedent to the recycling behavior.

Constructs Measuring Items Literature

Environmental concern EC1 Using the smart recycling system means I am concerned about the
environment.
EC2 Using the smart recycling system means I am sensitive to ecological
problems.
EC3 Initiating the smart recycling system means that society is concerned about
the environment.
EC4 Initiating the smart recycling system means that society is sensitive to
ecological problems.
EC5 Initiating the smart recycling system means that society has built sound
environmental concerns.

Ho et al. (2015)

Perceived usefulness PU1 I think the smart recycling system is handy for garbage recycling.
PU2 The smart recycling system can improve recycling efficiency.
PU3 The smart recycling system is a beneficial tool to recycle waste.
PU4 Using the smart recycling system improves my performance and
effectiveness.

Davis (1989), Park et al.(2015)

Perceived playfulness PP1 Using the smart recycling system keeps me happy while doing my task.
PP2 Using the smart recycling system brings me enjoyment while I learn.
PP3 The smart recycling system stimulates my curiosity.
PP4 Using the smart recycling system will lead to exploration.

Terzis et al. (2012)

Perceived ease of use PEU1 My interaction with the smart recycling system is clear and
understandable.
PEU2 Interactions with the smart recycling system do not require too much
thinking.
PEU3 I think the smart recycling system is straightforward to use.

Bettiga et al. (2020), Venkatesh and Davis
(2000)

Intention to use IU1 It is worth using the smart recycling system.
IU2 I will be interested in the smart recycling system.
IU3 It is a good idea to use the smart recycling system.

Li et al. (2019)

EC environmental concern, PU perceived usefulness, PP perceived playfulness, PEU perceived ease of use, IU intention to use.

Fig. 3 Map of the study area. This picture shows the location of Ningbo. Ningbo was chosen as a representative and typical city for this study. This figure is
not covered by the Creative Commons Attribution 4.0 International License. Reproduced with permission of Liyuan Liu; copyright © Liyuan Liu, all rights
reserved.
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usage of smart recycling systems. Among the respondents, 33.9%
were males 66.1% were females; they were primarily between the
ages of 31 and 45 (63.5%), and 80.8% had a junior college degree
or above. A personal monthly income of less than 6000 (CNY)
accounted for 42.6%, while a higher than 6000 (CNY) accounted
for 57.4%. Furthermore, 76.5% of the families had three to four
members. Regarding the use of smart recycling systems, 46% of
the respondents had used smart recycling systems; among those,
20.4% used them less than once a week, followed by once a week
(14.8%) and once a day (1.3%). Moreover, 53.9% of the residents
had never used smart recycling systems. The detailed sample
base data are shown in Table 2.

This study analyzed the valid samples according to gender,
age, educational level, monthly income, and household size.
According to the age groups adopted in Wang et al. (2018), this
study divided the respondents into five age groups: under 20,
21–30, 31–45, 46–60, and above 61. Regarding age and gender
ratio, since the questionnaire required family members to
know about smart recovery, most respondents were women
over 30 years old, and women in this age group are typically
responsible for the family chores (Wang et al., 2016). Among
them, the age group of 31–45 was the largest sample size,
followed by 21–30, and 46–60, which corresponded to real-life
scenarios (Wang et al., 2018). In addition, the respondents’
educational level, income, and family size are consistent with
the demographic characteristics of Ningbo City (NBSC, 2021).
Therefore, the samples obtained in this study are meaningful
overall.

Structural equation modeling. This study adopted structural
equation modeling (SEM) to test the relationship between the
variables and the intention to use smart recycling systems. SEM is
a complex methodology in social science for testing the rela-
tionship between the potential variables in observation targets. It
has great advantages for determining the interaction between
potential variables (Gefen et al., 2000; Ullman and Bentler, 2003).
In previous studies, SEM was used to analyze the behavioral
intention for recycling (Best and Kneip, 2011; Chen and Tung,
2010; Fan et al., 2019; Ng, 2019; Wan et al., 2017, 2014; Zhang
et al., 2016). It is also suitable for testing the relationship between
other variables and behavioral intention (Wu et al., 2019), while a
confirmatory factor analysis is used to evaluate the measurement
model through a maximum-likelihood assessment (MLE), and
the structural model is verified through a path analysis (Anderson
and Gerbing, 1988; Hatcher and O’Rourke, 2013).

Results
Measurement model. This study adopted the MLE method as the
measurement model. The results are as follows: the standardized
factor loadings are between 0.752 and 0.939, indicating that all
items are reliable (Chin, 1998). The composite reliability (CR)
values of the dimensions are between 0.898 and 0.95, which are all
above 0.7, indicating a good internal consistency (Nunnally,
1994). The average variance extracted (AVE) values are
0.688–0.857, which are all >0.5, indicating a good convergent
validity (Fornell and Larcker, 1981). The above results are shown
in Table 3.

This study used the AVE method, which is very rigorous, to
test the discriminant validity of the measurement model. Fornell
and Larcker (1981) held that the model has discriminant validity
if the square root of the AVE of each dimension is greater than
the correlation coefficient between the dimensions (Fornell and
Larcker, 1981). As shown in Table 4, the square roots of the AVE
of most dimensions on the diagonal are larger than the
correlation coefficients of the diagonal, suggesting that most of
the dimensions in this study have good discriminant validity and
are within the acceptable range.

Table 2 Basic data of the respondents.

Category Number Percentage

Gender Male 78 33.9
Female 152 66.1

Age Under 20 6 2.6
21–30 36 15.7
31–45 146 63.5
46–60 36 15.7
Above 61 6 2.6

Educational level Junior middle school
or below

16 7.0

Senior high school and
vocational school

28 12.2

Junior college 64 27.8
Bachelor 96 41.7
Graduate and above 26 11.3

Income (RMB) Under 2000 11 4.8
2000–3000 8 3.5
3000–4500 38 16.5
4500–6000 41 17.8
6000–8000 42 18.3
8000–10,000 41 17.8
10,000–20,000 37 16.1
20,000–30,000 10 4.3
Above 30,000 2 0.9

Family size 1–2 persons 20 8.7
3–4 persons 176 76.5
5–6 persons 30 13.0
7–8 persons 2 0.9
More than 8 persons 2 0.9

Usage Unused 124 53.9
Less than once a week 47 20.4
About once a week 34 14.8
Two or three times a week 21 9.1
About once a day 3 1.3
Several times a day 1 0.4

Table 3 Analysis of the measurement model results.

Construct Item SE p-value Std. CR AVE

EC EC1 0.790 0.930 0.729
EC2 0.075 0.000 0.790
EC3 0.065 0.000 0.915
EC4 0.071 0.000 0.869
EC5 0.070 0.000 0.896

PU PU1 0.875 0.950 0.826
PU2 0.061 0.000 0.895
PU3 0.047 0.000 0.939
PU4 0.055 0.000 0.924

PP PP1 0.879 0.898 0.688
PP2 0.052 0.000 0.902
PP3 0.065 0.000 0.752
PP4 0.065 0.000 0.774

PEU PEU1 0.899 0.910 0.771
PEU2 0.054 0.000 0.881
PEU3 0.058 0.000 0.853

IU IU1 0.935 0.947 0.857
IU2 0.041 0.000 0.912
IU3 0.037 0.000 0.930

EC environmental concern, PU perceived usefulness, PP perceived playfulness, PEU perceived
ease of use, IU intention to use, SE standard error, Std. Standardized factor loadings, CR
composite reliability, AVE average variance extracted.
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Common method variance (CMV). The CMV mainly comes
from the errors of the measurement tools, which affect the
validity of the measurement outcomes of the relationships
between dimensions (Podsakoff et al., 2003). This study adopted
the unmeasured latent method construct (ULMC), which uses a
potential variable without observation variables to represent the
CMV. If the observation variables are subject to the impact of the
CMV of common factors, then the impact of CMV exists. In this
study, ULMC was used to measure the CMV. If the model is
affected by the CMV, then the CMV would be further modified.

According to the comparison results in Table 5, the Chi-square
difference (Δχ2) of the two models is 79.993, the difference in the
degrees of freedom (Δdf) is 18, and the p-value is 0, indicating that
there is a significant difference between the two models. The Chi-
square value of congeneric is low, suggesting that the congeneric
model is better than the non-congeneric model. The results
confirmed that the congeneric model is affected by the CMV.

The congeneric model analyzes CFA after excluding the CMV
impact. The constrained model sets the covariance as that of the
CFA model affected by the CMV to test the significance of the
Chi-square difference between the two models.

According to Table 6, the Chi-square value difference (Δχ2) of
the two models is 17.647, and the degree of freedom difference
(Δdf)) is 10, and the p-value is 0.061, indicating that the Chi-
square value of the two models is not significantly different. Even
if there is CMV, it does not affect the parameters estimated by the
model; hence, the model does not require CMV correction.

Structural model analysis. After using the MLE to analyze the
structural model, the degree of fit of the model, the significance
test of the research hypothesis, the explanatory variance (R2), and
other results are obtained.

Model fit. In this study, the nine fit indices that were most widely
used in many studies, such as Jackson (2003), were used to test
the fit of the model to the data. The model fitness includes
Satorra–Bentler χ2= 424.605, 142.00 df, Normed Chi-sqr (χ2/
DF)= 2.99, RMSEA= 0.093; SRMR= 0.035, NNFI= 0.929;
CFI= 0.941; GFI= 0.914, AGFI= 0.896.

Testing hypotheses. The results of path effectiveness are shown in
Table 7. As seen, perceived playfulness (Unstd.= 0.743, p < 0.001)
significantly affect environmental concern (Unstd.= 0.397,
p < 0.001). Perceived ease of use (Unstd.= 0.362, p < 0.001) sig-
nificantly affect perceived usefulness. Environmental concern
(Unstd.= 0.345, p < 0.001) and perceived playfulness
(Unstd.= 0.491, p < 0.001) significantly affect perceived ease of
use. Environmental concern (Unstd.= 0.200; p= 0.010), per-
ceived usefulness (Unstd.= 0.403, p < 0.001), and perceived
playfulness (Unstd.= 0.487, p < 0.001) significantly affect inten-
tion to use. Perceived ease of use (Unstd.=−0.152, p > 0.001)
does not have a significant influence on environmental concerns.

The R2 value is another important indicator of path model
predictive power. The results indicate that 62.4% of environ-
mental concern can be explained by perceived playfulness; 74.3%
of perceived usefulness can be explained by environmental
concern, perceived playfulness, and perceived ease of use; 68.7%
of perceived ease of use can be explained by environmental
concern and perceived playfulness; 81.9% of intention to use can
be explained by environmental concern, perceived usefulness,
perceived playfulness, and perceived ease of use.

This study compared the effects of environmental concern and
perceived playfulness on intention to use with normalized
regression coefficients. According to Table 7, the standardized
regression coefficient of perceived playfulness to intention to use
is 0.535, while that of environmental concern to intention to use
is 0.206, and the effect of perceived playfulness on people’s
intention to use smart recycling is more significant than that of
environmental concern.

Table 8 summarizes all the path coefficients of the SEM and the
analysis results of the hypotheses testing. Except for H1 and H10,
the other eight hypotheses are supported.

Figure 4 shows the important relationships between the
variables in the structural model.

Mediation effect analysis. This study used bootstrapping for the
effect analysis. Testing the indirect effects by using bootstrapping
has more statistical test power than the causal and coefficient
product methods (Mackinnon et al., 2004; Williams and
Mackinnon, 2008). According to Hayes (2009), the resampling
process in bootstrapping should be repeated 1000 times for all
samples. Based on deviation correction and the percentile
method, zero is not included between the lower limit and upper
limit of the total effect and the indirect effect (Hayes, 2009). Table
9 shows the effect of environmental concern and perceived
playfulness.

Table 5 A comparison of the fit of the congeneric model and
the constrained model.

χ2 df Δχ2 Δdf p-value

Non-congeneric 397.4 141 79.993 18 0
Congeneric 317.407 123

Table 6 A comparison of restricted and unrestricted models.

χ2 df Δχ2 Δdf p-value

Constrained model 299.76 133 17.647 10 0.061
Congeneric model 317.407 123

Table 7 Regression coefficient.

DV IV Unstd. SE Unstd./
SE

p-
value

Std. R2

EC PP 0.743 0.065 11.503 0.000 0.790 0.624
PU EC 0.397 0.073 5.416 0.000 0.441 0.743

PP 0.072 0.074 0.967 0.334 0.085
PEU 0.362 0.076 4.766 0.000 0.399

PEU EC 0.345 0.086 4.015 0.000 0.348 0.687
PP 0.491 0.081 6.075 0.000 0.526

IU EC 0.200 0.078 2.575 0.010 0.206 0.819
PU 0.403 0.086 4.719 0.000 0.375
PP 0.487 0.076 6.368 0.000 0.535
PEU −0.152 0.081 −1.878 0.060 −0.156

EC environmental concern, PU perceived usefulness, PP perceived playfulness, PEU perceived
ease of use, IU intention to use, Unstd. unstandardized regression coefficient, SE standard error,
Std. standardized regression coefficient, R2 coefficient of determination.

Table 4 Discriminant validity of the measurement model.

AVE EC PU PP PEU IU

EC 0.729 0.854
PU 0.826 0.813 0.909
PP 0.688 0.790 0.753 0.829
PEU 0.771 0.764 0.804 0.801 0.878
IU 0.857 0.815 0.820 0.855 0.732 0.926
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As shown in Table 8, the total effect (β= 0.778), the direct
effect (β= 0.487) and the indirect effect (β= 0.292) of perceived
playfulness is greater than the total effect (β= 0.357), direct effect
(β= 0.200) and indirect effect (β= 0.158) of environmental
concern.

The results confirm the direct effects (β= 0.200) and indirect
effects (β= 0.158) of environmental concern on intention to use.
The indirect influence of environmental concern on intention to
use can be divided into two paths: (1) the path of environmental
concern, to perceived usefulness, to intention to use is 0.160; (2)
the path of environmental concern, to the perceived ease of use,
to perceived usefulness, to intention to use is 0.050.

The total effect of perceived playfulness is 0.778, and its
direct effect is 0.292. It is interrelated to other variables of the
research model, and indirectly affects intention to use.
Perceived playfulness indirectly affects the intention to use
via four paths. Among them, the path of perceived playfulness,
environmental concern, to intention to use has the greatest
effect (β= 0.148). The above results indicate that perceived
playfulness indirectly affects the intention of respondents to use
smart recycling.

Discussion
Based on the discussion of the results and thorough comparison,
the intention of the public to use smart recycling systems in this
study is mainly influenced by environmental concern, perceived
playfulness, and perceived usefulness. The comparison of the
influence of various variables on the intention to use smart
recycling systems suggests that perceived playfulness, perceived
usefulness, and environmental concern influence the intention to
use smart recycling systems, in descending order. In conclusion,
the effect of perceived playfulness on intention to use is greater
than that of environmental concern, but perceived ease of use
cannot significantly affect intention to use. Therefore, perceived
playfulness should be a priority for researchers or system
designers of smart recycling systems. The influence, comparison,
and relationship of each factor will be discussed in the following
sections.

The results of the hypothesis validation indicate that envir-
onmental concern significantly affects intention to use. Smart
recycling is closely related to environmental protection, which
can reduce waste and promote classified recycling. When people
are more concerned about the environment, they are more likely

Table 8 Summary of hypothesis testing results.

Hypothesis Path Estimate (β) SE value CR value p-value Decision

H1 PP→ PU 0.072 0.074 0.967 0.334 Not Support
H2 PP→ PEU 0.491 0.081 6.075 0.000 Support
H3 PP→ IU 0.487 0.076 6.368 0.000 Support
H4 PP→ EC 0.743 0.065 11.503 0.000 Support
H5 EC→ PU 0.397 0.073 5.416 0.000 Support
H6 EC→ PEU 0.345 0.086 4.015 0.000 Support
H7 EC→ IU 0.200 0.078 2.575 0.010 Support
H8 PU→ IU 0.403 0.086 4.719 0.000 Support
H9 PEU→ PU 0.362 0.076 4.766 0.000 Support
H10 PEU→ IU −0.152 0.081 −1.878 0.060 Not Support

EC environmental concern, PU perceived usefulness, PP perceived playfulness, PEU perceived ease of use, IU intention to use, SE standard error, CR critical ratio.

Fig. 4 Research structure pattern diagram. This picture shows the important relationships between the variables in the structural model. This figure is not
covered by the Creative Commons Attribution 4.0 International License. Reproduced with permission of Liyuan Liu; copyright © Liyuan Liu, all rights
reserved.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01347-6

8 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2022) 9:328 | https://doi.org/10.1057/s41599-022-01347-6



to use smart recycling systems. Previous studies highlighted the
strong effect of environmental concern on intention to use (Wu
et al., 2019), and regarded environmental concern as the main
factor for individual participation in waste recycling (Tonglet
et al., 2004). This study, however, found that environmental
concern has a relatively small influence on intention to use, which
may be due to the fact that smart recycling is different from
traditional recycling modes, and that there may be other more
important factors affecting the intention to use smart recycling
systems.

Perceived playfulness significantly affects intention to use. This
can be explained by the fact that smart recycling systems are
based on technologies to achieve recycling, and gamification
methods, such as setting rewards, can generate fun for users when
using smart recycling systems, thus promoting their intention to
use. This finding is consistent with that of Bakker et al. (2020),
which suggested that people have a natural tendency to play
because play is intrinsically rewarding and satisfying. Therefore, it
is necessary to investigate the fun elements that can enhance the
intention to use smart recycling systems. Design engineers should
pay attention to the application of gamification technology in the
smart recycling systems, as well as the users’ ability to understand
the information (Gong et al., 2019) and interact with the systems.
Increasing user participation in the recycling process by using the
incentive of gamification technology is irrelevant to the imple-
mentation policy (Bakker et al., 2020), so this finding is universal.

Compared to environmental concerns, perceived playfulness
has a greater influence on the intention to use smart recycling
systems. Although some studies on environmental protection
show that users are more concerned about the role of the
environment, this study found that they pay more attention to the
playfulness of smart recycling systems. There is a paradox
between the intention and the actual behavior toward household
garbage sorting (Chen et al., 2015). Even if the urban residents’
environmental awareness is higher, the personal intention to
participate in recycling is lower, due to the problem of the
recycling facilities (Zhang et al., 2019). This suggests that people’s
intention of recycling is not primarily due to their environmental
concerns. Perceived playfulness is more important and will
become the new focus (Lin et al., 2005). The results of this study
also indicate that the perception of playfulness has a more pro-
minent influence on the intention to use smart recycling systems.
Therefore, playfulness can be considered the main factor that
attracts people to participate in smart recycling. In addition, a
comparison of the analysis results indicates that the public pays
more attention to the playfulness of smart recycling systems. In
other words, once users experience fun with smart recycling

systems, they would be willing to use them; therefore, perceived
playfulness should be an important consideration in the design of
smart recycling systems. Perceived playfulness stimulates parti-
cipation and interaction in the process of smart recycling, and
promotes recycling in an interesting and interactive manner.
Smart recycling systems, which take advantage of gamification
technologies, are designed not just for fun, but rather for a clear
focus on recycling.

Environmental concern is associated with perceived playful-
ness, and perceived playfulness significantly affects environmental
concern; in other words, a higher level of playfulness can produce
positive emotions and satisfaction (Pan et al., 2014; Poncin et al.,
2017; Shin et al., 2011). Urban residents are curious about smart
recycling systems, and participation and interaction in the smart
recycling process encourage them to focus on recycling in an
interesting and interactive way. As a result, more urban residents
would be motivated to participate in waste recycling and sorting,
thus increasing their attention to environmental interaction. The
gamification of smart recycling systems makes urban residents
feel as if they are playing a game of recycling and sorting. In this
gamified recycling process, those who perform well are rewarded,
which promotes environmentally friendly habits (Briones et al.,
2018). Therefore, it is important to note that playful ways of
increasing the intention of residents to use smart recycling sys-
tems are not intended to diminish the public’s emphasis on smart
recycling as a way of protecting the environment. With the
improvement of living conditions, urban residents expect higher
environmental quality and pay more attention to environment-
related systems and equipment. Because of the large population in
cities, enormous amounts of waste are produced. The government
should pay attention to the incentive and role of fun in smart
recycling, and also strengthen the publicity of the environmental
protection role of smart recycling systems, so as to improve the
public’s environmental awareness and provide effective environ-
mental protection facilities for the public.

The results of effect analysis show that perceived playfulness
indirectly affects the intention of urban residents to use smart
recycling systems. Environmental concern is the antecedent
variable, which can enhance the public’s intention to use smart
recycling systems by improving other variables (e.g., perceived
usefulness, perceived ease of use); this is consistent with the
findings of Wu et al. (2019). However, whether the environmental
concern has an indirect impact on the intention to use through
the perceived ease of use is yet to be proven, which is inconsistent
with the characteristics in previous studies.

In the process of using smart recycling systems, urban
residents perceive the fun of smart recycling, which promotes

Table 9 The effect of environmental concern and perceived playfulness.

Effects Estimate (β) Lower bounds Upper bounds

The effect of environmental concern (EC) Total effects 0.357 0.144 0.621
Direct effects 0.200 0.007 0.429
Indirect effect 0.158 0.045 0.319
EC→ PU→ IU 0.160 0.063 0.337
EC→ PEU→ PU→ IU 0.050 0.015 0.148

The effect of perceived playfulness (PP) Total effects 0.778 0.627 0.939
Direct effects 0.487 0.279 0.753
Indirect effect 0.292 0.117 0.483
PP→ EC→ IU 0.148 0.014 0.319
PP→ EC→ PU→ IU 0.119 0.050 0.270
PP→ PEU→ PU→ IU 0.072 0.021 0.207
PP→ EC→ PEU→ PU→ IU 0.038 0.011 0.111

EC environmental concern, PU perceived usefulness, PP perceived playfulness, PEU perceived ease of use, IU intention to use.
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their attention to environmental protection and enhances their
intention to use smart recycling systems. For example, some
residents, who were not planning to engage in recycling, may
participate in garbage sorting and recycling when they see
interesting anime-type garbage sorting ads on the display
screen of the smart recycling system. Therefore, in order to
increase the public’s intention to use smart recycling systems,
it is necessary to provide them with more intelligent and
inspiring services through interesting game-based technologies
(Zhang et al., 2019), thereby promoting the development of
environmentally friendly behaviors.

Conclusions and contributions
Conclusions. This study introduced environmental concern and
perceived playfulness into smart recycling, proposed a modified
TAM, and discussed the impact of environmental concern and
perceived playfulness on the intention of urban residents to use
smart recycling systems. The three main conclusions are as
follows:

1. The results of this study validate the eight hypotheses of
the theoretical model, only two of which are statistically
insignificant. The model can predict the impact of
environmental concern and perceived playfulness on the
intention to use smart recycling systems.

2. When comparing people’s environmental concern and
perceived playfulness with their intention to use smart
recycling systems, perceived playfulness has a greater
influence on their intention to use. In addition, the
environmental concern can be promoted by perceived
playfulness, and the public’s intention to use smart
recycling systems can be enhanced.

3. The results of this study can provide a reference for
improving the public’s intention to use smart recycling
systems. In the context of promoting smart recycling
systems, the focus could be placed on strengthening the
sustainability of public garbage sorting and recycling
behavior, while the impact of environmental concerns
cannot be ignored.

Contributions. Based on the modified TAM, this study focused
on the influences of the public’s environmental concern and
perceived playfulness on the intention to use smart recycling
systems. This study makes five important contributions:

1. Smart recycling is still in its early stage of development
(Xue et al., 2019). Previous studies analyzed this topic from
the perspective of the accessibility of recycling facilities or
recycling behavior, but rarely discussed the interesting
perspective of intention to use. This is one of the first
studies to apply the TAM to the intention of smart
recycling systems.

2. Although the focus of this study is smart recycling, the
theoretical significance can be transferred to other smart
devices or environmental protection devices. The
modified TAM can enable researchers to further explore
the users’ intention to use smart devices, which makes
up for the deficiencies of the existing theories in the
literature.

3. A novel finding in this study, which is different from other
studies on environmental protection devices, is that
perceived playfulness has a higher impact on intention,
as compared with the impact of environmental concern.
This provides a theoretical reference for the improvement
and promotion of smart recycling systems.

Limitations and future research
Limitations. This study has the following limitations:

1. During this study period, smart recycling was in its
initial stage, and smart recycling systems were only
installed for testing in residential communities, which
made it difficult to collect data. Although the sample size
was of a reasonable value, it was smaller than those in
other studies.

2. Since the main purpose of this study was to explore the
Influences of perceived playfulness and environmental
concern on the intention to use smart recycling systems,
other factors were not included.

3. The research background is based on China’s smart
recycling, which is in its early stage of development; hence,
it has not been widely used by the public. At present, the
fun design of smart recycling systems is relatively unique.
Due to the popularity of smart recycling, the conclusions
and suggestions of the research may not be applicable in
the future development of smart recycling.

Future research. The suggestions for future research works are as
follows:

1. With the popularization of smart recycling, more samples
from other regions can help to further the universality of
the results.

2. In order to analyze and compare the influences of
environmental concern and perceived playfulness, no other
variables were introduced in this study. In future studies,
the influence of other factors on the intention to use the
smart recycling system can be discussed.

3. With the popularization of smart recycling, the intention to
use is likely to change. Therefore, a longitudinal survey can
be adopted to understand the change in the public’s
intention to use smart recycling systems.

4. Research into the intention of different age groups and
genders to use smart recycling systems can be carried out
in future studies.

Data availability
The datasets generated during and analyzed during the current
study are available from the corresponding author upon reason-
able request.
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