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Abstract: The rapid development of e-commerce has brought about a sharp increase in the demand
for express packaging materials, which in turn has led to problems such as resource waste and
environmental pollution. Under the target of “dual carbon”, the urgency and importance of effective
classification and recycling of express packaging waste cannot be ignored. Based on the unified theory
of technology acceptance and use (UTAUT) model and the characteristics of express packaging, this
study selected performance expectancy, effort expectancy, social influence and perceived value as
core variables, and gender, age and frequency as moderating variables, and established a structural
equation through survey and analysis to study the factors influencing consumers’ willingness to
recycle express packaging. The results of the study showed that performance expectancy, effort
expectancy, social influence and perceived value had a significant positive effect on consumers’
willingness to classify. Classification willingness had a significant positive effect on consumers’
classification behavior. In addition to directly influencing classification intention, performance
expectancy, effort expectancy and social influence also have mediating effects. In addition, gender
played a moderating role in the effects of performance expectancy and social influence on classification
intention. Based on the findings, this study proposes targeted measures to promote the green and
healthy development of the express delivery industry.

Keywords: carbon peaking and carbon neutrality; express packaging recycling; UTAUT model;
classification willingness

1. Introduction

As a vast logistics industry, the express delivery industry involves large amounts of
energy consumption and emissions in its development, so achieving green low-carbon
development is particularly important for the industry. Currently, the question of how to
achieve green low-carbon development in the express delivery industry is mainly discussed
at the level of objective market subjects, which is mainly divided into the following aspects.
First, express delivery enterprises can start by improving their own energy structure. By
using renewable energy, such as solar energy, wind energy, etc., the reliance on traditional
energy is mitigated, thereby reducing carbon emissions. Express delivery enterprises can
also adopt new energy vehicles, such as electric and hybrid vehicles, to replace traditional
fuel vehicles [1]. These new energy vehicles have the advantages of zero emissions, low
noise, high efficiency, etc., which can effectively reduce the carbon emissions of enterprises.
Second, express delivery enterprises can adopt intelligent technology to optimize oper-
ational efficiency [2]. By adopting an intelligent logistics management system, real-time
tracking and scheduling of logistics information can be realized, thus avoiding problems,
such as repeated distribution of goods and wasted capacity, and improving the distribution
efficiency of express delivery. In addition, express delivery enterprises can also adopt
blockchain technology to track and record information during the logistics process, thus
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improving transparency and security [3]. Finally, express delivery enterprises can actively
participate in carbon neutrality and carbon peaking initiatives. Express delivery enterprises
can develop their own carbon reduction plans to offset carbon emissions by planting trees
and building public greenery. At the same time, express delivery enterprises can also
actively participate in the carbon trading market to achieve the goal of carbon neutrality
and carbon peaking by purchasing carbon emission rights, etc.

From the consumption side, consumers have an important role in the low-carbon
sustainable development of the express delivery industry. First, consumers can promote
the green and sustainable development of the express delivery industry by reducing their
carbon emissions. For example, consumers can choose to use environmentally friendly
express services, which usually use more environmentally friendly packaging materials and
transportation methods, thus reducing carbon emissions [4]. In addition, consumers can
choose to centralize their orders or receive their deliveries, reducing the need for express
delivery companies to make multiple deliveries and further reducing carbon emissions.
Second, consumers can promote the green and sustainable development of the express
delivery industry by supporting carbon neutrality and carbon peaking. Carbon neutrality
refers to the offsetting of carbon emissions with the goal of achieving “zero emissions”.
Carbon peaking refers to the peaking of carbon emissions within a certain period of time,
followed by a gradual reduction in the amount of carbon emissions. Consumers can
support express delivery companies in implementing carbon neutrality and carbon peaking
measures, for example, by choosing express delivery companies that are carbon neutrality-
and carbon peaking-certified. In addition, consumers can also reduce carbon emissions
from the express delivery industry by lowering the use of express packaging and promoting
the recycling and reuse of express packaging [5].

With the prevalence of e-commerce from youth groups to middle-aged and elderly
groups, and from urban to rural areas, the express business has also grown rapidly.
In 2022, China’s express business volume reached 110.58 billion pieces, an increase of
2.1% year-on-year, being ranked first in the world for nine consecutive years; business
income reached CNY 1.06 trillion, an increase of 2.3%. The industry’s highest daily han-
dling capacity exceeded 700 million pieces, and the annual per capita express mail volume
was nearly 80 pieces. The development of the express delivery industry has played an
important role in smooth domestic circulation and has also provided a large number of
jobs to the community; however, express packaging waste has brought a great burden to
urban waste disposal. Assuming the standard weight of express packaging (0.2 kg), an
average of 60,000 tons of express packaging waste is generated every day, while the overall
recycling rate of express packaging waste is less than 20% at this stage [6], and the express
packaging waste that is not recycled is treated as domestic waste, requiring incineration or
landfill disposal [7]. It is estimated that the carbon dioxide generated by express packaging
waste alone exceeded 5 million tons in 2022, an indicator of a great waste of resources and
environmental pollution. Therefore, it is of great significance to conduct research on the
recycling of express packaging waste. First, studying express packaging waste recycling
can reduce the burden of urban waste disposal and promote the improvement of urban
environments. Express packaging waste mainly includes cartons, plastic bags, internal
buffers and woven bags [8], and these materials can be sorted, recycled and reused to
effectively reduce the environmental hazards caused by landfills and incineration of waste.
Secondly, studying the recycling of express packaging waste can promote the conservation
and reuse of resources. Some materials in express packaging waste, such as cardboard
boxes and plastic bags, can be recycled and reused to reduce resource consumption. Recy-
cling these materials can also provide raw materials for related industries and promote the
development of a circular economy. Finally, studying the recycling of express packaging
waste can also bring about economic benefits and employment opportunities. With the
continuous development of express business, the recycling and reuse of express packaging
waste has become an emerging industry. The recycling and treatment of express packaging
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waste requires a large amount of manpower and technology, providing new opportunities
and development space for related industries and the job market.

In summary, studying the recycling of express packaging waste can promote the
improvement of urban environments and the conservation and reuse of resources and can
bring about economic benefits and employment opportunities. Therefore, strengthening the
research and practice of express packaging waste recycling can help promote the sustainable
development of society. This paper combines the requirements of carbon neutrality and
carbon peaking [9] to study how the express delivery industry should achieve low-carbon
green development.

2. Literature Review and Basic Theory
2.1. Literature Review
2.1.1. Research Related to Waste Recycling

With the increase in environmental pollution, waste recycling management is gradu-
ally attracting global attention. Current research directions and advances related to waste
recycling mainly include the following aspects.

First, is research on waste classification and recycling technology. The recycling of
waste needs to be classified and processed first for subsequent reuse. There has been some
research focused on developing technologies for waste classification and recycling, such
as automatic classification systems based on image recognition and artificial intelligence
techniques, as well as smart recycling bins based on the Internet of Things and cloud
computing. Liu, W et al. [10], Li, YF et al. [11] and Wu, ZZ et al. [12] developed accurate
and robust waste identification methods based on deep learning models. Huang, J et al. [13]
introduced a new multi-sensor technique to identify and sort black plastics by using impact
resonance acoustic emissions (AEs) and laser triangulation to address the pain points of
visual sensors that make it difficult to identify black and dark plastics. Woidasky, J et al. [14],
Gasde, J et al. [15] and Olscher, C et al. [16] investigated the TBS sorting method to improve
the quality and recycling rate of plastic waste. TBS is a method for improving the automatic
identification and separation of plastic by adding unique detectable characteristics to plastic
during production, increasing sorting efficiency. Zhou, J et al. [17] introduced a computer
vision-based color-sorting system for waste textile recycling that can classify relevant colors
well. Feng, ZC et al. [18] designed an intelligent waste bin that can automatically classify
and recycle waste, improving the efficiency of waste classification.

The second research direction is related to recycling technology. Some materials
in waste, such as cardboard boxes and plastic bags, can be recycled and reused. There
has been some research focused on waste recycling technologies, such as plastic bag
recycling based on chemical recycling and pyrolysis, as well as cardboard recycling based
on biodegradation and resourcefulness, etc. Lim, J et al. [19] proposed an optimal strategy
wherein high-density polyethylene was recycled to produce downcycled plastics; low-
density polyethylene, polypropylene and polystyrene were recycled as pyrolysis oil; and
poly glycol terephthalate was recycled to produce waste plastic fuel. El-Hefnawy et al. [20]
prepared a transparent smart window produced from recycled polycarbonate plastic (PCP)
waste, which exhibited afterglow emission, super hydrophobicity, durability, photostability,
good mechanical properties, UV protection and high optical transmittance. Alvarenga,
LM et al. [21] investigated the pyrolysis reaction of carton packaging waste and its pure
components.

An additional research direction involves waste recycling policies and management re-
search. The recycling of waste requires policy support and effective management measures.
There have been several studies focusing on waste recycling policies and management,
such as policy and regulation development, charging model design, market mechanism
establishment, and management strategy selection, in order to improve recycling rates.
Xiao, L et al. [22] developed a two-stage model to discuss production and recycling strate-
gies under three policies (subsidies, penalties and tax breaks) from a manufacturer’s
perspective, providing guidance for governments to improve policies related to the pro-
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motion of express packaging recycling. Hu, NJ et al. [23] analyzed and compared the
intervention effects of three pesticide packaging waste recycling policies, namely, penalties,
subsidies and incentives, and collateral rebates. Xu, QY et al. [24] explored how platforms’
different delivery strategies affect packaging recycling, platform profits and the environ-
ment, as well as optimal pricing and subsidy strategies under three typical delivery models.
Mao, J et al. [25] presented a reverse logistics network design process for express packag-
ing recycling in region M as an example and established a four-level network containing
primary recycling nodes, recycling centers, processing centers and terminals.

The final research direction discussed is waste recycling awareness and behavior
research. The recycling of waste also requires the support and active participation of the
general public. There have been several studies focusing on waste recycling awareness
and behavior, such as the analysis of factors influencing recycling behavior, and the de-
velopment and promotion of recycling awareness. Reijonen, H et al. [26] used the theory
of planned behavior (TPB) to study the factors influencing Finnish participation in plastic
classification and recycling, offering the possibility of interventions to support households
in recycling more plastic packaging. Sajid, MJ et al. [27] surveyed 155 Chinese consumers
about their willingness to participate in CEP (courier, express, and parcel) green logistics
and found that consumer willingness was positively correlated with economic (eight items),
operational (three items) and social (three items) factors, with the strongest correlation
between economic factors and consumer willingness. Bai, R et al. [28] designed and con-
ducted a randomized survey in four first-tier cities in China based on an ordered probit
model to identify variables that influence consumers’ willingness to pay for waste classifi-
cation. Yaqi, C et al. [29] used logit regression to analyze how social capital and class status
affect farmers’ behavior in terms of household waste classification and recycling.

Waste recycling is getting more and more attention, and related research is expanding.
The search of related topics by the keyword “waste recycling” in WOS shows that there are
more than 10,000 related papers each year since 2019, while the search of related topics by
the keyword “waste recycling” in CNKI shows that since 2013, there have been more than
200 relevant studies each year, but they are still relatively few compared to WOS.

In summary, research related to waste recycling involves a number of aspects and
requires the joint efforts of the government, enterprises, research institutions and the public.
There is a need to further strengthen the research and practices related to waste recycling
to promote its sustainable development.

2.1.2. Research Related to the Express Delivery Industry

With the development of the express delivery industry, the research related to express
delivery has also gradually gained attention. The current research related to the express
delivery industry mainly focuses on the three aspects of express logistics, express packaging
and express services.

First, we consider express logistics research. He, YZ [30] proposed a truck-and-bus
co-delivery model in order to solve the problems of low efficiency and high cost associated
with express end-delivery, as well as the impact of express delivery vehicles on urban road
traffic. A two-level optimization model was constructed to solve the pricing of bus delivery
services and the express spatiotemporal path selection scheme under the co-delivery model.
Wu, CX et al. [31] clustered express addresses according to the K-means algorithm so
that the standard deviation of the delivery time cost of each expressman was gradually
reduced and stabilized, improving the expressman’s delivery efficiency and saving energy.
Wu, SH et al. [32] proposed “collaboration of delivery and sale” (CDS), which combines
express parcel delivery with offline mobile sales, in response to the bottleneck problem of
express parcel delivery in rural areas. The research results of these scholars are conducive
to improving the efficiency of express delivery and optimizing transport routes, and the
proposed delivery model can reduce transport costs and contribute to the sustainable
development of the express delivery industry.
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Then, there is the research of express packaging. In recent years, as environmental
issues have gradually gained attention, many scholars have devoted themselves to studying
the adverse effects of express packaging waste and how to achieve the reduction and
greening of express packaging to promote the sustainable and recyclable development of
the express delivery industry. Duan, HB et al. [7] aimed to characterize the material flows
and environmental impacts of post-consumer express delivery packaging waste in China.
Furthermore, the researchers aimed to demonstrate that plastic packaging materials, mainly
produced from recycled agricultural films, contain chemically applied pesticide residues
that may have a significant impact on the health of employees and consumers in the express
delivery industry. Lyu, R et al. [33] found that, in most cases, the optimal strategy for green
express packaging recycling and sales models was MR (market recycling). Li, RY et al. [34]
developed a mathematical model and heuristic algorithm based on Lagrangian relaxation
to optimize a circular packaging network.

Finally, we consider express services research. Liu, X et al. [35] introduced an op-
tion contract to coordinate the supply chain of express services, which greatly alleviated
the limited service capacity of express delivery companies during the peak sales season.
Shan, HM et al. [36] conducted a study on express service failure risk assessment and pro-
posed an improved FMEA method that helps express delivery companies to identify critical
service failure points, develop appropriate remedial measures, reduce losses from service
failure and improve service quality. Lei, Z et al. [37] constructed a new evaluation index
system based on the SERVQUAL model and the CCSI model, considering the perspective
of service quality. The factors affecting customer satisfaction and loyalty are explored sepa-
rately through the fuzzy analytical hierarchy process (AHP) and hierarchical regression
analysis. A comprehensive analysis of the common factors affecting customer satisfaction
and loyalty is then presented to provide a reference for solving the problem of low cus-
tomer satisfaction and loyalty in urban express delivery companies. Scholars have studied
different express subjects, ultimately providing practical solutions and measures to enhance
customer satisfaction and loyalty to express services, as well as theoretical support for the
development of the express delivery industry.

2.2. Theoretical Model
2.2.1. UTAUT Model

As the express delivery industry is currently focused primarily on the development
and application of relevant technologies, there is a lack of research focused on associated
awareness and behavior. Therefore, this paper investigates the relevant issues by construct-
ing a comprehensive unified theory of technology acceptance and use (UTAUT) model. In
2003, Venkatesh et al. [38] proposed the UTAUT (Figure 1) by integrating eight theories,
namely, the technology tenure fit model (TTF), innovation diffusion theory (IDT), theory
of rational behavior (TRA), theory of planning behavior (TPB), motivation model (MM),
combined TAM and TPB model, MPCU, and social cognitive theory (SCT), in a systematic
review of previous research on technology acceptance models. Central to this is the fact
that performance expectancy, effort expectancy, social influence and facilitating conditions
influence users’ behavioral intention and behavior, and that gender, age, experience and
voluntariness moderate this influence.

The unified theory of technology acceptance and use is a model that describes user
acceptance of new technologies, with perceived usefulness and perceived ease of use
at its core. To address the issue of green sustainability in the express delivery industry,
we can apply the UTAUT model to the study of consumers’ attitudes and behavioral
intentions towards green sustainability in the express delivery industry. Firstly, consumers’
attitude towards the green and sustainable development of the express delivery industry
is an important factor influencing their use of environmentally friendly express services.
Therefore, express delivery companies can enhance their recognition and goodwill towards
environmentally friendly practices by improving consumers’ awareness of these practices
which, in turn, will increase their willingness to use environmentally friendly express
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services. For example, express delivery companies can introduce the advantages and
value of environmentally friendly express services, as well as the protective effect of
environmentally friendly express services on the environment, through advertising and
publicity. In addition, express delivery companies can also reduce negative impacts on
the environment through green packaging, low-carbon distribution and other measures to
enhance consumer trust and satisfaction with express delivery companies. Secondly, ease
of use is another important factor for consumers when choosing to use environmentally
friendly express services. If using eco-friendly express services is more convenient and
faster than traditional express services, then consumers are more willing to use them.
Therefore, express delivery companies can improve the ease of use by improving the quality
and efficiency of eco-friendly express services. For example, express delivery companies
can improve the speed and accuracy of delivery through intelligent management systems,
making it easier and faster for consumers to use environmentally friendly express services.

Sustainability 2023, 15, x FOR PEER REVIEW 6 of 22 
 

 
Figure 1. UTAUT model. 

The unified theory of technology acceptance and use is a model that describes user 
acceptance of new technologies, with perceived usefulness and perceived ease of use at its 
core. To address the issue of green sustainability in the express delivery industry, we can 
apply the UTAUT model to the study of consumers’ attitudes and behavioral intentions 
towards green sustainability in the express delivery industry. Firstly, consumers’ attitude 
towards the green and sustainable development of the express delivery industry is an im-
portant factor influencing their use of environmentally friendly express services. Therefore, 
express delivery companies can enhance their recognition and goodwill towards environ-
mentally friendly practices by improving consumers’ awareness of these practices which, in 
turn, will increase their willingness to use environmentally friendly express services. For 
example, express delivery companies can introduce the advantages and value of environ-
mentally friendly express services, as well as the protective effect of environmentally 
friendly express services on the environment, through advertising and publicity. In addi-
tion, express delivery companies can also reduce negative impacts on the environment 
through green packaging, low-carbon distribution and other measures to enhance con-
sumer trust and satisfaction with express delivery companies. Secondly, ease of use is an-
other important factor for consumers when choosing to use environmentally friendly ex-
press services. If using eco-friendly express services is more convenient and faster than tra-
ditional express services, then consumers are more willing to use them. Therefore, express 
delivery companies can improve the ease of use by improving the quality and efficiency of 
eco-friendly express services. For example, express delivery companies can improve the 
speed and accuracy of delivery through intelligent management systems, making it easier 
and faster for consumers to use environmentally friendly express services. 

2.2.2. Variable Selection 
In terms of core variables, Venkatesh et al. [38] found that the degree of facilitating 

conditions was small and negligible in the presence of both performance expectancy and 
effort expectancy, so the variable facilitating conditions was excluded, and the three core 
variables of performance expectancy, effort expectancy and social influence were retained, 
while the variable perceived value was introduced in conjunction with the characteristics 
of the express packaging itself. As for the control variables, gender and age variables were 
retained in view of the differences in consumers’ gender and age, while it was determined 

Figure 1. UTAUT model.

2.2.2. Variable Selection

In terms of core variables, Venkatesh et al. [38] found that the degree of facilitating
conditions was small and negligible in the presence of both performance expectancy and
effort expectancy, so the variable facilitating conditions was excluded, and the three core
variables of performance expectancy, effort expectancy and social influence were retained,
while the variable perceived value was introduced in conjunction with the characteristics
of the express packaging itself. As for the control variables, gender and age variables were
retained in view of the differences in consumers’ gender and age, while it was determined
the frequency of consumers’ online purchases may have an impact on their willingness and
behavior, so frequency was selected as a control variable. Finally, there was no compulsion
for consumers to classify and recycle express packaging, so the variable voluntariness was
excluded. Ultimately, this study selected performance expectancy, effort expectancy, social
influence and perceived value as core variables, and gender, age and frequency as control
variables to construct the theoretical model.
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2.3. Research Hypothesis
2.3.1. Performance Expectancy and Classification Willingness

The definition of performance expectancy is derived from usefulness perception
(TAM), extrinsic motivation (MM), job fit (MPCU), relative advantage (IDT) and outcome
expectancy (SCT) [39–43] and refers to individuals’ perception that undertaking express
packaging classification and recycling will be rewarding and beneficial to themselves or
society. Consumers are inclined to participate in express packaging classification and
recycling if they perceive that doing so will bring benefits to themselves and improve the
comfort of their living environment.

2.3.2. Effort Expectancy and Classification Willingness

The definition of effort expectancy is derived from ease of use perception (TAM),
complexity (MPCU) and ease of use (IDT) [39,41,42] and refers to the level of effort required
by an individual to undertake express package classification and recycling, that is, how
easy or difficult an individual perceives express package classification to be. Consumers
are inclined to participate in express packaging classification and recycling if they perceive
it to be easy and the effort required to do so to be low.

2.3.3. Social Influence and Classification Willingness

The definition of social influence is derived from subjective norms (TRA), social factors
(MPCU) and reflection (IDT) [41,42,44] and refers to the extent to which individuals are
influenced by the participation of those around them in the classification and recycling
of packaging and the extent to which they themselves participate in classification and
recycling. The active participation of those around them in the classification and recycling
of express packaging will prompt consumers to follow suit.

2.3.4. Perceived Value and Classification Willingness

The definition of perceived value comes from consumer behavior, a theory proposed
by American scholar Zeithaml V.A. [45], who pointed out that customers’ perceived value is
the result of their weighing of the benefits gained against the costs paid in the consumption
process. Dodds W.B. et al. [46] expanded on the concept by arguing that perceived value is
the weight between perceived benefits and perceived losses. Consumers will be inclined to
participate in the classification and recycling of express packaging if they perceive that the
benefits of participating in the classification and recycling of express packaging outweigh
the losses and are worthwhile. Hsu et al. [47] found that perceived value significantly and
positively affects consumers’ willingness.

2.3.5. Classification Willingness and Classification Behavior

Classification willingness refers to whether consumers are willing or intend to partici-
pate in express packaging sorting and recycling activities, and classification behavior refers
to consumers’ actual participation in express packaging sorting and recycling activities. A
large number of studies at home and abroad have shown that the behavior willingness has
a significant positive impact on the behavior, and consumers who have a strong willingness
to participate in sorting will be motivated to participate in the sorting and recycling of
express packaging.

Thus, the following hypotheses are proposed (Table 1).
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Table 1. Research hypotheses.

Serial Number Hypothesis

H1 Performance Expectancy significantly and positively affects
consumers’ Classification Willingness.

H2 Effort Expectancy significantly and positively affects
consumers’ Classification Willingness.

H3 Social Influence significantly and positively affects
consumers’ Classification Willingness.

H4 Perceived Value significantly and positively affects
consumers’ Classification Willingness.

H5 Classification Willingness significantly and positively affects
consumers’ Classification Behavior.

H6a Gender can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness.

H6b Gender can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness.

H6c Gender can moderate the effect of Social Influence
on consumers’ Classification Willingness.

H6d Gender can moderate the effect of Perceived Value
on consumers’ Classification Willingness.

H7a Age can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness.

H7b Age can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness.

H7c Age can moderate the effect of Social Influence
on consumers’ Classification Willingness.

H7d Age can moderate the effect of Perceived Value
on consumers’ Classification Willingness.

H8a Frequency can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness.

H8b Frequency can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness.

H8c Frequency can moderate the effect of Social Influence
on consumers’ Classification Willingness.

H8d Frequency can moderate the effect of Perceived Value
on consumers’ Classification Willingness.

3. Research Design
3.1. Questionnaire Design

This study designed a questionnaire based on the above assumptions and models. A
total of 104 pre-survey questionnaires were distributed before a formal survey to ensure
the validity of the questionnaire. The questionnaire was adjusted according to the results
of the pre-survey to finalize the formal survey questionnaire.

The questionnaire contains two parts with their own sets of questions; the first part is a
survey on the basic information of consumers, and the second part is a survey on consumers’
perception of express delivery recycling. The questionnaire refers to the classical scales
in existing studies, takes into account the theoretical significance of each latent variable
in the model and combines the realistic characteristics of express packaging to measure
six latent variables, namely, performance expectancy, effort expectancy, social influence,
perceived value, classification willingness and classification behavior. The questionnaire
options were designed using a five-level Likert scale, whose elements were strongly agree,
relatively agree, generally agree, relatively disagree and strongly disagree. The second part
of the questionnaire is shown in Table 2 below.
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Table 2. Latent variable scales and sources.

Latent
Variable Scale Source

Performance Expectancy

Classification and recycling express packaging is
profitable for me (economic gain) Venkatesh et al. [38],

Ming Junren et al. [48],
Guo Jie et al. [49],

Mu Xianzhong et al. [50]

Classification and recycling express packaging can
improve the comfort of the living environment

Participation in express packaging recycling helps
protect the environment and save resources

Effort Expectancy

I think the operation process of express packaging
classification is simple

Venkatesh et al. [38],
Ming Junren et al. [48],

Guo Jie et al. [49],
Mu Xianzhong et al. [50]

The classification of express packaging does not
cost me much energy

Express packaging classification and recycling is
very simple for me

The rules and methods for participating in the
classification and recycling of express packaging

are clear and unambiguous

Social Influence

The practices of my colleagues and classmates will
influence me to participate in the classification and

recycling of express packaging

Venkatesh et al. [38],
Mu Xianzhong et al. [50]

The practices of my family member will influence
me to participate in the classification and recycling

of express packaging

The practices of the people around me will
influence me to participate in the classification and

recycling of express packaging

Perceived Value

I think it is worthwhile to participate in the
classification and recycling of express packaging

compared to the time spent
Venkatesh et al. [38],

Mu Xianzhong et al. [50],
Fang Aihua et al. [51],
He Wenqian et al. [52]

I think it is worthwhile to participate in the
classification and recycling of express packaging

compared to the energetic spent

Overall, I think the benefits of participating in the
classification and recycling of express packaging

outweigh my efforts

Classification Willingness

I am willing to participate in the classification and
recycling of express packaging

Venkatesh et al. [38],
Ming Junren et al. [48],

Guo Jie et al. [49],
Mu Xianzhong et al. [50]

I will encourage my friends and relatives to
participate in the classification and recycling of

express packaging

I plan to participate in the classification and
recycling of express packaging in the near future

Classification Behavior

I often participate in the classification and
recycling of express packaging

Venkatesh et al. [38],
Mu Xianzhong et al. [50],

Song Ting et al. [53]

I always encourage my friends and family to
participate in the classification and recycling of

express packaging

I will continue to participate in the classification
and recycling of express packaging in the future
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3.2. Sample Data Collection and Presentation

The survey was conducted in a manner that aimed to mitigate regional restrictions
and collect samples from different age groups, and questionnaires were collected using
Questionnaire Star (https://www.wjx.cn/ (accessed on 6 July 2022)) to ensure the com-
prehensiveness and randomness of the survey. The formal survey lasted for one month,
and a total of 524 questionnaires were collected. After excluding those questionnaires with
obviously insufficient response times, 420 valid questionnaires were finally obtained, and
the effective recovery rate was 80.15%.

The statistical results of the sample are shown in Table 3. Regarding the gender dis-
tribution, 18% of the respondents were male, and 82% were female; regarding the age
distribution, respondents aged 18–25 accounted for the majority of respondents, approxi-
mately 78%, followed by the 26–35 age group, accounting for 13%, and respondents under
18 years old, 36–45 years old and over 45 years old, who accounted for 5%, 3% and 1% of
total respondents, respectively, which is consistent with the distribution of the online shop-
ping population in China. Concerning the frequency distribution, an average monthly
express delivery volume of 2–5 pieces was reported by 52% of respondents, followed by an
average of 6–9 pieces by 30%. Average monthly express delivery volumes of 1 piece and
below and 10 pieces and above were reported by 5% and 13% of respondents, respectively.

Table 3. Sample statistics.

Sample Classification Quantity Proportion

Gender
Male 77 18%

Female 342 82%

Age

Under 18 years old 20 5%

18–25 years old 329 78%

26–35 years old 54 13%

36–45 years old 12 3%

Over 45 years old 5 1%

Frequency

1 piece or less 21 5%

2–5 pieces 218 52%

6–9 pieces 127 30%

10 pieces or more 54 13%

4. Data Analysis
4.1. Reliability Test

To ensure the internal consistency of the scale, the reliability of the scale first requires
testing. The internal consistency test was first conducted by calculating the Cronbach’s
A value of the internal consistency reliability coefficient of the scale using the sample of
420 completed questionnaires. As can be seen from Table 4, the Cronbach’s α values of the
six latent variables of performance expectancy, effort expectancy, social influence, perceived
value, classification willingness and classification behavior are significantly greater than
0.7, and the deletion of each observed variable does not cause a significant increase in
Cronbach’s Avalue. In summary, this indicates that the questionnaire items have good
consistency, stability and reliability and meet the research criteria.

https://www.wjx.cn/
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Table 4. Reliability test.

Latent Variable Observation
Variable

Cronbach’s α after
Deletion of Terms Cronbach’s α

Performance
Expectancy

Q5_R1 0.875

0.836Q5_R2 0.672

Q5_R3 0.766

Effort Expectancy

Q6_R1 0.841

0.878
Q6_R2 0.824

Q6_R3 0.815

Q6_R4 0.890

Social Influence

Q7_R1 0.877

0.917Q7_R2 0.884

Q7_R3 0.881

Perceived Value

Q8_R1 0.823

0.893Q8_R2 0.821

Q8_R3 0.900

Classification
Willingness

Q9_R1 0.826

0.881Q9_R2 0.858

Q9_R3 0.810

Classification
Behavior

Q10_R1 0.838

0.904Q10_R2 0.863

Q10_R3 0.887

4.2. Validity Test

To ensure the validity of the questionnaire, validity testing of the data is also needed to
determine whether the observed variables truly and effectively reflect the latent variables.
The observed variables used to measure the latent variables in this questionnaire were all
derived from previously validated, well-established scales, so confirmatory factor analysis
was used. Confirmatory factor analysis is used to test whether the relationship between
a factor and the corresponding observed variable is in accordance with the theoretical
relationship predetermined by the researcher. In this study, confirmatory factor analysis
was conducted using AMOS software (IBM SPSS, Chicago, OH, USA) and the results of the
runs are shown in Figure 2.

First, we need to check the suitability indicators. As we can see from the Table 5, the
value of CMIN/DF is 3.217, which is less than 5, and the suitability result is acceptable; the
value of RMSEA is 0.073, which is less than 0.08, and the suitability result is acceptable;
the values of GFI and AGFI are greater than 0.8, and the suitability result is acceptable;
and the values of CFI and NFI are greater than 0.9, and the suitability is ideal. Overall, the
suitability indicators are good.



Sustainability 2023, 15, 11622 12 of 22
Anatomia 2023, 2, FOR PEER REVIEW 2 
 

 

 25 

 26 
Figure 2. Confirmatory factor analysis.

Table 5. Suitability indicators and criteria.

Indicator
Judgment Criteria

Suitability Test Results
Acceptable Good

CMIN/DF 3–5 1–3 3.217 Acceptable

GFI >0.8 >0.9 0.894 Acceptable

AGFI >0.8 >0.9 0.852 Acceptable

CFI >0.8 >0.9 0.951 Good

NFI >0.8 >0.9 0.931 Good

RMSEA <0.08 <0.05 0.073 Acceptable

Confirmatory factor analysis includes convergent validity and distinct validity, and
the CR and AVE values are chosen to test the convergent validity. The combined reliability
CR reflects the internal consistency of the observed variables, and the higher the CR, the
higher the internal consistency of the observed variables and the more convergent they are.
The average variance-extracted AVE reflects the convergent validity of the scale, which
can directly show how much of the variance explained by the latent variable is from the
measurement error. The larger the value, the greater the percentage of variance explained
by the latent variable and the smaller the relative measurement error. As can be seen from
Table 6, the standardized factor loading of each item is greater than 0.5, indicating that
each item can explain its dimension well. The CR value of the six latent variables is higher
than 0.7, indicating good combination reliability, and the AVE value is greater than 0.5,
indicating good convergent validity.
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Table 6. Convergent validity.

Latent Variable Observation Variable Factor Loading CR AVE

Performance Expectancy

Q5_R1 0.665

0.854 0.664Q5_R2 0.914

Q5_R3 0.846

Effort Expectancy

Q6_R1 0.830

0.884 0.659
Q6_R2 0.860

Q6_R3 0.868

Q6_R4 0.673

Social Influence

Q7_R1 0.898

0.917 0.787Q7_R2 0.883

Q7_R3 0.880

Perceived Value

Q8_R1 0.895

0.899 0.749Q8_R2 0.904

Q8_R3 0.793

Classification Willingness

Q9_R1 0.872

0.882 0.713Q9_R2 0.801

Q9_R3 0.859

Classification Behavior

Q10_R1 0.897

0.906 0.764Q10_R2 0.870

Q10_R3 0.854

As shown in Table 7, performance expectancy, effort expectancy, social influence,
perceived value, classification willingness and classification behavior were significantly
correlated with each other (p < 0.001), and the standardized correlation coefficients between
each latent variable and other latent variables were less than the square root of AVE,
indicating that there was a certain degree of differentiation between each variable, that is,
the discriminative validity of scale data was ideal.

Table 7. Distinct validity.

Performance
Expectancy

Effort
Expectancy

Social
Influence

Perceived
Value

Classification
Willingness

Classification
Behavior

Performance Expectancy 0.664

Effort
Expectancy 0.492 *** 0.659

Social
Influence 0.468 *** 0.451 *** 0.787

Perceived Value 0.621 *** 0.641 *** 0.494 *** 0.749

Classification Willingness 0.661 *** 0.686 *** 0.544 *** 0.846 *** 0.713

Classification Behavior 0.463 *** 0.583 *** 0.427 *** 0.683 *** 0.764 *** 0.764

The square root of AVE 0.815 0.812 0.887 0.865 0.845 0.874

Note: *** indicates significance values less than 0.001, and the diagonal line is the average variance-extracted AVE.

4.3. Model Construction and Modification

Based on the results of the above reliability and validity tests, in order to analyze the
relationship and the path between factors influencing consumers’ willingness to participate
in the sorting and recycling of express packaging, this study uses AMOS to construct a
structural equation model, and the initial model is shown in Figure 3.
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Figure 3. Initial structural equation model.

The model suitability indicators can verify the fit of the structural equation model; the
closer the suitability indicators are to the optimal values, the better the model fit. In this
study, six indicators were selected to test the fit of the structural equation model. Table 8
shows that the model suitability indicators are not satisfactory; the values of CMIN/DF
and RMSEA are too large and do not meet the acceptable standard; and the values of GFI
and AGFI are less than 0.8, which does not meet the acceptable standard. Thus, the model
requires adjustment.

Table 8. Initial model fit.

Indicator
Judgment Criteria

Suitability Test Results
Acceptable Good

CMIN/DF 3–5 1–3 6.218 Not up to standard

GFI >0.8 >0.9 0.793 Not up to standard

AGFI >0.8 >0.9 0.732 Not up to standard

CFI >0.8 >0.9 0.876 Acceptable

NFI >0.8 >0.9 0.856 Acceptable

RMSEA <0.08 <0.05 0.112 Not up to standard

The results of the initial model run (Table 9) show that, between performance ex-
pectancy, effort expectancy, perceived value and social influence; between performance
expectancy, perceived value and effort expectancy; between performance expectancy and
perceived value; and between residual e15 and residual e18, the corrected index MI values
are large, indicating that the model needs to be adjusted by adding relevant paths, and
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the significance level of each path after correction is less than 0.05, which is statistically
significant. The final corrected model is shown in Figure 4.

Table 9. Modified Index.

Path MI

Effort Expectancy↔ Social Influence 69.358

Perceived Value↔ Social Influence 84.188

Perceived Value↔ Effort Expectancy 138.959

Performance Expectancy↔ Social Influence 71.015

Performance Expectancy↔ Effort Expectancy 75.393

Performance Expectancy↔ Perceived Value 119.678

e15↔ e18 38.512
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Figure 4. Modified structural equation model.

The modified model’s suitability indicators are shown in Table 10. The model fit values
of the six indicators are within the acceptable range, and values of CMIN/DF, GFI, CFI and
NFI indicators are good, indicating that the overall model fit is good, and the model test
results are credible.
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Table 10. Fit of the model after correction.

Indicator
Judgment Criteria

Suitability Test Results
Acceptable Good

CMIN/DF 3–5 1–3 2.911 Good

GFI >0.8 >0.9 0.902 Good

AGFI >0.8 >0.9 0.867 Acceptable

CFI >0.8 >0.9 0.957 Good

NFI >0.8 >0.9 0.936 Good

RMSEA <0.08 <0.05 0.068 Acceptable

4.4. Analysis of Structural Equation Results

From Table 11, it can be seen that performance expectancy, effort expectancy, perceived
value and social influence have a significant positive effect on classification willingness;
thus, hypotheses H1–H4 are all accepted. Performance expectancy has a significant positive
effect on consumers’ classification willingness, and the more consumers feel that they can
participate in the sorting and recycling of express packaging, the stronger their willing-
ness to participate. Effort expectancy significantly and positively influences consumers’
classification willingness, and consumers are more willing to participate in express pack-
aging sorting and recycling when they feel it is easy and convenient to participate. Social
influence has a significant positive impact on consumers’ classification willingness. The
participation of people around them in the sorting and recycling of express packaging mo-
tivates consumers to participate in the sorting and recycling of express packaging, as well.
Perceived value has a significant positive effect on consumers’ classification willingness.
Consumers are more likely to participate in the sorting and recycling of express packaging
when they believe the benefits they receive are well worth the effort.

Table 11. Path factor.

Path Standardized
Estimation

Unstandardized
Estimation S.E. C.R. p Test Results

Performance Expectancy→
Classification Willingness 0.147 0.138 0.041 3.241 *** Accept

Effort Expectancy→
Classification Willingness 0.202 0.226 0.051 4.533 *** Accept

Social Influence→
Classification Willingness 0.096 0.084 0.033 2.546 * Accept

Perceived Value→
Classification Willingness 0.590 0.616 0.059 10.256 *** Accept

Classification Willingness→
Classification Behavior 0.765 0.919 0.055 16.643 *** Accept

Note: *** indicates significance values less than 0.001, * indicates significance values less than 0.05.

Classification willingness significantly and positively affects classification behavior;
hypothesis H5 is valid, and it can be seen that classification willingness has a great influence
on consumers’ classification behavior. So, to promote consumers’ participation in express
packaging waste recycling, the most important thing is to improve consumers’ willingness
to participate.
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4.5. Mediation Effect Test

In the modified model of the structural equation, perceived value may be the mediat-
ing variable between performance expectancy and classification willingness; performance
expectancy and perceived value may be the mediating variables between effort expectancy
and classification willingness; and performance expectancy, effort expectancy and per-
ceived value may be the mediating variables between social influence and classification
willingness, so it is necessary to verify the existence of mediating effects using a relevant
testing procedure. In this study, the bootstrapping mediating effect test was adopted
with 5000 sampling times and a 95% confidence level. The test results are shown in the
following table.

From Table 12, it can be seen that the confidence intervals of total, indirect and direct
effects of performance expectancy, effort expectancy and social influence on classification
willingness do not contain 0 at 95% bias-corrected and percentile confidence levels, indi-
cating the existence of mediating effects associated with performance expectancy, effort
expectancy and social influence. There is a significant mediating effect associated with
perceived value in the process of performance expectancy on classification willingness, a
significant mediating effect associated with performance expectancy and perceived value
in the process of effort expectancy on classification willingness, and a significant mediating
effect associated with performance expectancy, effort expectancy and perceived value in
the process of social influence on classification willingness.

Table 12. Mediation effect test.

Path Point
Estimate

Bias-Corrected 95% CI Percentile 95% CI

Lower Upper p Lower Upper p

Performance Expectancy→ Classification
Willingness

Total effect 0.356 0.230 0.483 0.000 0.230 0.483 0.000
Indirect effect 0.209 0.128 0.314 0.000 0.124 0.308 0.000
Direct effect 0.147 0.044 0.252 0.006 0.043 0.251 0.006

Performance Expectancy→ Perceived Value
→ Classification Willingness Indirect effect 0.209 0.118 0.302 0.000 0.115 0.296 0.000

Effort Expectancy→ Classification
Willingness

Total effect 0.489 0.384 0.589 0.000 0.384 0.589 0.000
Indirect effect 0.287 0.216 0.377 0.000 0.209 0.370 0.000
Direct effect 0.202 0.100 0.304 0.000 0.101 0.306 0.000

Effort Expectancy→ Performance
Expectancy→ Classification Willingness Indirect effect 0.052 0.018 0.102 0.003 0.014 0.096 0.006

Effort Expectancy→ Perceived Value→
Classification Willingness Indirect effect 0.236 0.158 0.330 0.000 0.154 0.322 0.000

Social Influence→ Classification
Willingness

Total effect 0.319 0.212 0.429 0.000 0.213 0.431 0.000
Indirect effect 0.223 0.144 0.308 0.000 0.143 0.307 0.000
Direct effect 0.096 0.012 0.197 0.028 0.007 0.194 0.034

Social Influence→ Performance Expectancy
→ Classification Willingness Indirect effect 0.045 0.013 0.093 0.004 0.011 0.090 0.006

Social Influence→ Effort Expectancy→
Classification Willingness Indirect effect 0.091 0.047 0.146 0.000 0.044 0.142 0.000

Social Influence→ Perceived Value→
Classification Willingness Indirect effect 0.087 0.020 0.169 0.013 0.019 0.167 0.015

From Table 13, it can be seen that performance expectancy, effort expectancy, social
influence, and perceived value have the highest to the lowest degree of influence on the
total classification willingness, from perceived value (0.590) > effort expectancy (0.489) >
performance expectancy (0.356) > social influence (0.319). Perceived value has the highest
degree of influence, followed by effort expectancy, then performance expectancy, and finally,
social influence. Therefore, we can promote the residual value of express packaging waste,
reduce the difficulty of participation in sorting and recycling or give certain incentives
to increase consumers’ willingness to participate in the sorting and recycling of express
packaging. This will encourage consumers to actively participate in express packaging
waste recycling.
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Table 13. The total effect of each core variable on classification willingness.

Path Total Effect

Perceived Value→ Classification Willingness 0.590
Performance Expectancy→ Classification Willingness 0.356

Effort Expectancy→ Classification Willingness 0.489
Social Influence→ Classification Willingness 0.319

4.6. Control Variable Test

The independent variables, performance expectancy, effort expectancy, social influence
and perceived value, and the dependent variable, willingness to classify, which were tested
as control variables in this study, were latent variables, and the control variables, gender,
age and frequency, were categorical variables. Therefore, it was possible to test whether
gender, age and frequency had moderating effects on the core variables influencing the path
of willingness to classify through multi-cluster analysis. To facilitate the study, the control
variables were grouped, with males as Group 1 and females as Group 2 in H6; age 25 and
below (mainly students and white-collar workers who have just entered the workplace) as
Group 1 and age 26 and above (mainly consumers who have already adapted to society)
as Group 2 in H7; average monthly express delivery volumes of 5 pieces and below (low
frequency) as Group 1, 6–9 pieces (average frequency) as Group 2, and 10 pieces and above
(high frequency) as Group 3 in H8. The group path coefficients and significance levels are
shown in the Table 14.

Table 14. Group path factor.

Path
Gender Age Frequency

Group1 Group2 Group1 Group2 Group1 Group2 Group3

Performance Expectancy→
Classification Willingness 0.034 0.277 *** 0.239 *** 0.139 0.139 * 0.317 ** 0.214

Effort Expectancy→
Classification Willingness 0.145 0.291 *** 0.346 *** 0.066 0.375 *** 0.275 ** 0.192

Social Influence→
Classification Willingness 0.410 *** 0.100 * 0.153 ** 0.153 0.185 ** 0.164 * −0.050

Perceived Value→
Classification Willingness 0.749 *** 0.690 *** 0.698 *** 0.762 *** 0.678 *** 0.651 *** 0.937 ***

Note: *** indicates significance values less than 0.001, ** indicates significance values less than 0.01, * indicates
significance values less than 0.05.

Assuming that different clusters have the same path coefficients, and there are no
differences between groups, the models are built in AMOS for comparison. From the p
values of the above grouping model comparison (Table 15), it can be seen that hypotheses
H6a and H6c are accepted, i.e., gender can moderate the effect of performance expectancy
on consumers’ classification willingness, and females are more likely to be influenced to
participate in express packaging sorting and recycling than males if they can benefit from
doing so; gender can moderate the effect of social influence on consumers’ classification
willingness, and males are more likely to be influenced by surrounding participants to
engage in express packaging sorting and recycling activity than females. In summary,
gender moderates the effect of social influence on consumers’ classification willingness,
and males are more likely than females to be influenced by the participants around them to
engage in express packaging sorting and recycling activities.
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Table 15. Control variable test.

Research Hypothesis p Test Results

H6a: Gender can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness 0.008 Accept

H6b: Gender can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness 0.611 Reject

H6c: Gender can moderate the effect of Social Influence
on consumers’ Classification Willingness 0.006 Accept

H6d: Gender can moderate the effect of Perceived Value
on consumers’ Classification Willingness 0.859 Reject

H7a: Age can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness 0.452 Reject

H7b: Age can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness 0.171 Reject

H7c: Age can moderate the effect of Social Influence
on consumers’ Classification Willingness 0.769 Reject

H7d: Age can moderate the effect of Perceived Value
on consumers’ Classification Willingness 0.124 Reject

H8a: Frequency can moderate the effect of Performance Expectancy
on consumers’ Classification Willingness 0.431 Reject

H8b: Frequency can moderate the effect of Effort Expectancy
on consumers’ Classification Willingness 0.246 Reject

H8c: Frequency can moderate the effect of Social Influence
on consumers’ Classification Willingness 0.173 Reject

H8d: Frequency can moderate the effect of Perceived Value
on consumers’ Classification Willingness 0.084 Reject

5. Conclusions

To promote the recycling and reuse of express packaging waste, this paper investigates
the behavior of consumers’ participation in the sorting and recycling of express packaging,
verifies the mechanisms of perceived value, effort expectation, performance expectation
and social influence on the willingness to sort, and reveals the mediating effects and the
influence of control variables.

The research results and discussions can be summarized as follows.

• Performance expectancy, effort expectancy, perceived value and social influence have
a direct positive influence on classification willingness, among which perceived value
has the greatest influence on classification willingness.

The government should vigorously promote the importance and necessity of waste
separation and the recycling of express packaging in the context of “dual carbon”, en-
hance the awareness of conservation, environmental protection and ecological awareness,
advocate a green and low-carbon lifestyle, transform green concepts into the conscious
actions of consumers, make consumers aware of the role and harm of waste packaging
and improve people’s awareness of waste recycling. Secondly, we recommend promoting
the knowledge of express packaging classification and recycling, so that consumers can
master waste packaging classification, which also requires the active cooperation of the
express delivery industry to provide convenient recycling channels to reduce the difficulty
of consumer participation in classification and recycling. In addition, it is recommended
that the government and relevant enterprises provide certain rewards to people involved
in classification and recycling, so that consumers can feel that they have contributed to
carbon reduction and that their participation in recycling is rewarding.

• Performance expectancy, effort expectancy and social influence have a mediating effect
on classification willingness, in addition to a direct effect.

Due to the existence of mediating effects, the government and relevant enterprises
should promote the separation and recycling of express packaging waste in a multipronged
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way through publicity, training and incentives, which is better than promotion utilizing
one aspect in isolation.

• Gender can moderate the impact of performance expectancy and social influence on
classification willingness.

Women are more likely than men to engage in this activity because of the benefits
(economic gain or environmental protection) of participating in express packaging sorting
and recycling. Men are more likely than women to be influenced by the participants around
them to engage in express packaging sorting and recycling. The government and relevant
enterprises can promote the separation and recycling of express packaging waste in a more
targeted manner by considering gender differences.
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