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Abstract: Emerging technologies have made tremendous changes in people’s daily lives, and they
have profoundly influenced their economic and consumption activities. Recently, the COVID-19
pandemic has also drastically increased individuals’ usage of contactless payment technologies,
such as mobile and facial recognition payments, which has accelerated the transformation of digital
transaction services in China. In this study, the findings show that perceived usefulness, perceived
ease of use, and service security can affect the perceived value and user satisfaction of using contactless
payment. Moreover, a higher perceived value and satisfaction level may encourage more post-
adoption behaviors, such as continuous and habitual usage of contactless payment methods or
encouraging others to use contactless payment methods via word-of-mouth; however, perceived
value did not have a direct effect on continuous usage. In addition, there are certain differences in
user behavior depending on whether facial recognition payment or mobile QR-code payment is used.
For QR-code payment users, overall, their satisfaction and post-adoption behaviors are more strongly
bonded with each other compared with the behaviors of facial recognition payment users. This study
has generated more information and insight into the transformation of digital payment and can help
managers align their strategies more efficiently in the post-pandemic era.

Keywords: facial recognition payment; mobile payment; QR-code payment; user satisfaction; per-
ceived value; habit; continuous usage; word-of-mouth; post-adoption behaviors

1. Introduction

Along with the development of technology, Industry 4.0 has not only brought huge
changes to people’s daily lives, but also new challenges and opportunities to businesses.
From the analog terminal to the digital terminal, the rapid development of technologies is
far beyond most people’s imagination. Moreover, driven by income growth within China,
both online and offline transactions have been increasing exponentially, and customers are
longing for more efficient and smarter payment methods to further meet their demands.
Due to the rapid development of modern mobile communication technology, biometric
technology, and other information technologies, digital payment methods such as QR-
code and facial recognition payments have led to a new era of transaction services in
China. Such new technologies have upgraded the shopping experience, making purchases
much easier and more convenient than before. More importantly, as COVID-19 cases keep
surging across the world, people are inclined to use digitalized contactless payments to
avoid human contact and reduce infection risks. As a result, the pandemic has reshaped
individuals’ consumption behavior, and these contactless payment methods have become
increasingly popular [1–3]. Following such changes, a huge number of businesses in retail,
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hospitality, and other service sectors have actively implemented contactless payments to
meet customers’ needs more promptly and to achieve sustainable growth.

In the 1980s, mobile phones were luxurious products for many people, but they have
now become a necessity for almost everyone. People have witnessed the rapid development
of mobile equipment and mobile communication technology, and many have been amazed
by how mobile payment has drastically changed their shopping experience. A survey
conducted in 2018 suggested that in China, 92% of people from the largest cities were
using WeChat Pay or Alipay as their main mobile payment tools, and 47% of people from
rural areas were also reported to regularly use such mobile payment methods; by March
2020, there were 776.08 million people using mobile payments in China [4]. In recent years,
mobile phones have not just become a communication tool but also a payment tool for
the majority of people. In particular, mobile-based QR-code payments have leveraged a
revolution in financial apps, and two dominant players in the field of mobile payment
in the form of WeChat Pay and Alipay have accounted for a combined market share of
92%, and both have contributed tremendously to the growth of mobile payment in China.
Payments made via one’s mobile phone has become a part of people’s daily lives, and the
popularity of the QR-code payment has been especially dominant [5]. Chinese customers
have led the world in paying by smartphone, and mobile payment has deeply penetrated
their daily lives, with 85% of users reported as having used QR code payment in 2020 [6].
In recent years, by conveniently scanning a QR-code to pay, customers in China have been
able to pay using cashless and contactless methods, and such payments have been widely
accepted everywhere, from shopping centers to street food vendors; therefore, given that it
is the most representative mobile payment method in China, the mobile QR-code payment
was studied in this paper.

However, in accordance with the latest technological development, facial recognition
payments have freed people from their mobile devices with a simple scanning of one’s
face that enables payment for everything [7]. Moreover, facial recognition payment has
become increasingly popular since it can offer individuals a contactless and convenient
way to pay. It is a new technology based on artificial intelligence, biometrics, 3D sensing,
and big data technology. By utilizing this method while shopping, users neither need to use
mobile phones to complete payment nor worry about battery-related phone problems. This
remarkably improves people’s purchasing experience and merchants’ service efficiency [8].
For example, the “Smile to Pay” scheme, first introduced in 2017 by Alipay, takes just a
few seconds to recognize and identify a face, and thus, the whole process is quite simple
and convenient, which greatly improves service efficiency [9]. Seeing the huge potential
in facial recognition payment, WeChat Pay, and some other dominant players in the
digital payment market, also launched similar facial recognition payment systems for their
customers, with those companies gearing up to seize their market share [7]. Currently,
facial recognition payment has been applied in a multitude of places such as convenience
stores, supermarkets, restaurants, hotels, shopping malls, and so on. It was reported that in
2019, there were 118 million people using facial recognition payment, and this number may
exceed 700 million in 2022; in the future, this new method may even serve as a replacement
for QR-codes and become the predominant payment method in China [10].

For service providers, customer satisfaction is the key to success. Thus, it is necessary
to ensure that customers enjoy their shopping experience and feel satisfied with their
chosen payment service. A satisfactory experience will lead to purchase behavior, and
one’s personal perception and evaluation of service performance may strongly shape
customer satisfaction [11]. The service performance of QR-code and facial recognition
payments are based on online systems. For online-based payment systems, perceived
service quality dimensions such as security, efficiency, ease of use, accuracy, and reliability
are critically important [12]. Factors such as perceived ease of use and perceived usefulness
have been discussed, particularly with regard to internet banking-, mobile payment-, and
online shopping-related studies [13–15]. The ease of use and usefulness of a payment
method may greatly shape people’s judgements of the payment service’s quality. Service



Sustainability 2022, 14, 7150 3 of 19

security has also received increasing levels of attention in the online transaction sector [16].
Thus, in this study, the overall service quality of contactless payment was mainly based
on the assessment of three dimensions: perceived ease of use, perceived usefulness, and
service security. High quality service can not only enhance customers value perceptions,
but it can also lead to positive behavioral intentions, a larger market share, and greater
profits [16]. If customers enjoy a high-quality payment service, they will be inclined
to perceive the service as having a greater value, and they will be satisfied with the
service. Consequently, a satisfactory experience of IT usage could significantly impact
users’ intentions to continue using the service [17], and their satisfaction is also a vital
determinant in terms of whether they will recommend the service to others, and whether
they intend to repeat using the service [18]. Moreover, if a user regularly repeats a specific
action and feels satisfied with the results, this kind of action may become habitual; when
using an information system such that it becomes a part of one’s daily routine, such habitual
behavior could encourage people to continuously use this technology [19]. Post-adoption
behaviors including continuous usage of the service, recommending the service to others
via word-of-mouth, and habitually using the service, are indispensably important to fully
understanding the behavioral patterns of contactless payment users.

Both facial recognition and mobile QR-code payments can increase efficiency during
the shopping process. Such payment methods can save customers time and offer new
shopping experiences by enabling them to go contactless. In order to improve service
quality, meet customer needs, increase customer satisfaction, and sustain business growth,
an increasing number of service providers have implemented contactless payment tech-
nology in stores, restaurants, and so on, during the post-pandemic era. Among these
contactless payment methods, QR-code payment has become one of the most frequently
used mobile payment methods in China. Facial recognition payment is also starting to
enjoy growing popularity after first being introduced in 2017 in a KFC restaurant located in
Hangzhou city [9]. It is widely acknowledged that different payment methods all provide
respective advantages in terms of convenience, safety, cost, and user acceptability. When
compared with the QR-code payment method, facial recognition can offer a greater level
of convenience; however, it is still at a preliminary stage, experiencing problems such as
security issues and system errors [7]. Some people still have concerns about their facial
information and personal information being collected, and whether that information will
be exposed, decoded, stolen, or misused by others during the facial recognition process,
thus causing security problems [10]. Continuing to study what motivates customers to
adopt contactless payment technologies is relatively significant in terms of understanding
their current behaviors. To date, most previous studies have focused primarily on investi-
gating antecedents that may drive people’s intentions of using payment technology [20–22],
but few have investigated users’ post-adoption behaviors such as recommendations of
the technology via word-of-mouth, habitual behaviors, and so on. Moreover, insufficient
studies have tested the connections between the perceived value of a payment service and
post-adoption behaviors. Additionally, although facial recognition payment has already
attracted a growing number of users in different countries, prior studies on the adoption
of facial recognition payment have been relatively insufficient [23], and almost none have
compared the differences of user experience between mobile payment and facial recog-
nition payment; therefore, to better address the above questions, we decided to form an
improved approach to discussing how perceived value and user satisfaction are associated
with post-adoption behaviors of contactless payment, and we compare mobile QR-code
payment with facial recognition payment to examine how users’ adoption behaviors differ.

In this study, we intended to establish the behavioral patterns of contactless payment
use, especially with regard to facial recognition payment, which is still in the early stages
of being adopted in many countries. We proposed a conceptual model with a special
focus on people’s post-adoption behaviors regarding contactless payment. This study will
extensively enrich the practical and theoretical basis of contactless payment adoption, and
ultimately deepen the understanding of the transformation of digital payment services
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within society, which, in turn, may offer more extensive knowledge that enables managers
to formulate their business strategies more promptly and efficiently. In this study, we seek
to answer the following research questions: How are perceived ease of use, perceived
usefulness, and service security correlated with consumer satisfaction and the perceived
value of contactless payment? What are the internal relationships between user satisfaction,
perceived value of the service, habitual behaviors, continuous usage of the service, and
word-of-mouth recommendations of the service? Will the user experience of mobile QR-
code payments differ from facial recognition payments, and can facial recognition payment
replace mobile payment?

2. Literature Review
2.1. Contactless Payment Service Quality

Service quality can be defined in terms of the overall appraisal of the service. Moreover,
whether the service can offer something which is relatively superior to that offered by other
services is noted, and it is usually closely associated with customer attitudes toward the
service provider [18]. Digital payment quality can be affected by issues such as access speed,
ease of use, or visual appeal, and poor system quality would lead to an unfavorable user
experience [24]. Unlike traditional services, mobile payment or facial recognition payment,
as digital payment services, are mostly based on online transactions. Zeithaml et al. (2001)
proposed that online service quality dimensions included efficiency, flexibility, reliability,
security, responsiveness, and trust [25]. Other studies also frequently discussed efficiency,
security, and ease of use in the online-based service context [26,27]. Thus, with regard to
these previous studies, we believe that dimensions such as usefulness, ease of use, and
service security can be of paramount importance to contactless payment service quality.

2.1.1. Perceived Ease of Use (PEOU)

Perceived ease of use can be defined as the level of mental effort required when
adopting a new technology [28]. It is more closely related to the aspect of one’s internal
motivation that focuses on the process of improving outcomes [29]. Ease of use is one of the
key factors in shaping user attitudes and their intention to accept information technology
in their life [29,30]. According to previous studies, perceived ease of use has positive effects
on customer satisfaction [18,31]. If customers believe that a payment system is easy to use
and can offer convenience, they will tend to have a more positive attitude toward using
such a system and they are more likely to feel satisfied about their user experience.

2.1.2. Perceived Usefulness (PU)

Perceived usefulness is closely related to users’ subjective perceptions of improving
task efficiency by using a specific technology [32], which relies on external motivation in
terms of the tangible or intangible benefits of the utilization of a system [29]. Individuals
are more likely to adopt a new technology if they perceive high potential usefulness [33].
Perceived usefulness is thus considered to be one of the fundamental antecedents to
the acceptance of a technology. It can reflect customer beliefs toward transaction perfor-
mance, and if customers can shop in a more efficient manner, they will be inclined to have
greater repurchasing intentions [15] and feel satisfied with the service [31]. The use of
contactless payment can significantly reduce transaction times and improve overall service
performance, which enables people to enjoy their shopping experience to a greater extent.
Consequently, they tend to be satisfied and more willing to reuse the same payment method.

2.1.3. Service Security

Privacy, safety, and security are vital aspects of online transactions. Security can be
regarded as a company’s capability to prevent clients’ personal information and transaction
information from being stolen during online transactions [34]. Customers may perceive
certain risks if they are at risk of suffering a potential loss due to the misuse of their personal
information [35]. Some studies have indicated that security may be more influential in
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terms of online purchase behaviors than factors pertaining to perceived ease of use or
perceived usefulness [34,36]. Along with the frequent use of mobile devices and wireless
applications, customers may perceive risks if there is a high possibility of loss caused by the
disclosure of personal information and security issues [16]. Security has become one of the
most decisive factors driving customer behavior in online transactions. Whether sensitive
information is protected during online transactions strongly shapes customer attitude and
purchase intentions [37]. Contactless payment methods heavily rely on online transaction
systems; therefore, customers may have more concerns about security and privacy issues
when using these services. For example, if they do not feel sufficiently secure to provide
their credit card information, they may hesitate to proceed with an online transaction [15].
We believe that service security is a crucial dimension that will influence customers’ overall
perceptions of payment service quality, and in turn, it may affect perceptions relating to the
value of the service and user satisfaction.

As such, the following hypotheses are proposed:

Hypothesis 1 (H1). PEOU has positive effects on user satisfaction.

Hypothesis 2 (H2). PU has positive effects on user satisfaction.

Hypothesis 3 (H3). Service security has positive effects on user satisfaction.

2.2. Perceived Value

Value can be defined in terms of the overall assessment of a service or product based
on an evaluation of the benefits and costs involved in using the service or product [38]. This
requires considering what constitutes a received benefit in contrast to risk and effort [39].
Value is necessarily vital in order to understand customer consumption and purchasing
behaviors, which is regarded as one of the most dominant factors in the service industry [40].
Customers’ decisions to use a service rely on their overall evaluation of the service’s value
in terms of giving and receiving [35]; however, perceived value should not be ascertained
solely from a monetary perspective, since a service can also offer value via other benefits [41].
In other words, unlike traditional measurements, value can be measured in a more diverse
way. This not only reflects economic benefit, but also other values, such as the utility gained
from a product or service [40].

In the context of online transactions, perceived value is closely connected with rela-
tional benefits such as ease of use and customers’ sacrifices of money, time, and effort [42].
Given that it heavily relies on an online system, a contactless payment service’s value
greatly depends on the comparison of benefits against the perceived risks and efforts when
using the transaction service. Previous studies have indicated that service quality is the key
driver of value, and customers perceive greater value with higher service quality [38,43].
We believe that in this study, service dimensions of contactless payment (perceived useful-
ness, ease of use, and service security) could largely determine payment service quality,
and ultimately shape customers’ value perceptions; however, large numbers of studies
have mainly focused on the relationships between the perceived ease of use, perceived use-
fulness, and satisfaction when using a service [13,17,44]; however, the connections between
perceived ease of use, perceived usefulness, service security, and customers’ perceptions of
the value of the payment services have not yet been studied adequately, which emphasizes
the need to examine these relationships in this study.

As such, the following hypotheses are proposed:

Hypothesis 4 (H4). PEOU has positive effects on perceived value.

Hypothesis 5 (H5). PU has positive effects on perceived value.

Hypothesis 6 (H6). Service security has positive effects on perceived value.
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Customers perceive the value of a high-quality payment system via the overall evalua-
tion of the utility [45], and such value perceptions are influential for critical outcomes such
as consumer satisfaction and repurchasing intention [46]. As customer satisfaction is driven
by perceptions of the overall evaluation of service performance, customers may compare
their expectations to the experience gained from a service provider; a satisfying service with
good value is key for differentiating a service company from its competitors [16]. Perceived
value is a significant antecedent of user satisfaction, and poor payment service quality may
lead to negative value perceptions, dissatisfaction, and it may even discourage adoption
behavior.

As such, the following hypotheses are proposed:

Hypothesis 7 (H7). Perceived value has positive effects on user satisfaction.

2.3. User Satisfaction and Post-Adoption Behavior

User satisfaction can be defined here as individuals’ emotional responses based on
the experience of using information technology [17]. It can be derived from cumulative
feelings based on multiple interactions when using a service [24]. Generally speaking,
before/after the adoption of a product or service, customers may have certain expectations,
and they may compare the actual performance of a service with the expected performance
of a product or service; if the actual performance exceeds their expectations, they are more
likely to experience positive feelings of satisfaction [47]. Such satisfaction reflects affection
resulting from an interaction, and it will stimulate information system usage [44]. User
satisfaction, as a salient variable, can influence the continuing usage of an information
technology [48]. In this study, we proposed the post-adoption behaviors as the following
aspects: continuous usage (behaviors of using the same contactless payment service contin-
uously), word-of-mouth (positively conveying experiences to families/friends), and habit
(habitual behaviors).

Some studies have pointed out that satisfaction will positively influence the word-of-
mouth (WoM) behavior of making recommendations to other customers after consump-
tion [49]. Customer satisfaction is also the most critical driver of continuing to use a
service [47]. Customers’ continued usage of contactless payment can be considered a
derivative of service loyalty, which is closely connected to a sense of commitment, which
might, in turn, lead to spreading positive recommendations via word-of-mouth, with
regard to adopting a particular service. After using a certain product or service, customers
may wish to pass on such experiences to others through WoM, who consequently, may
have plans to buy the product or experience the service [45]. In particular, if people are
constantly engaged and feel a sense of commitment to certain behaviors, they have a greater
propensity to spread their positive purchasing experiences via WoM [50]; however, previ-
ously, the word-of-mouth effect was more frequently related to post-purchasing behaviors,
and it has seldom been discussed in relation to post-adoption behaviors in the literature.
In the context of contactless payment, if customers are satisfied with the payment service,
they are inclined to use it continuously, and they might recommend the payment method
to others. Ergo, in addition to the continuous use of a product/service, word-of-mouth is
also regarded as one of the most significant post-adoption behaviors in this study.

Another post-adoption related behavior is habitual behavior; after using a specific
technology for a while, users may begin to habitually use that technology. Habits are
closely related to automatic response behaviors. This means that they comprise part of a
routine behavior that is repeatedly and subconsciously perpetuated by an individual [51].
If customers are satisfied with a specific result, they may repetitively engage in that activity,
but as time passes by, such an action tends to become a habitual behavior; when the
use of a specific information technology becomes part of people’s daily routines, their
habitual behaviors will reinforce the continued use of the technology [19]. When people are
satisfied with a payment method and are comfortable using such a method, the adopted
behavior might transform into a habitual behavior, in that they use the same method of
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payment every time. This habit will also result in the continuous usage of the method
in the future. Based on current studies, limited evidence has revealed the correlations
between satisfaction, continuous usage of contactless payment methods, recommending
contactless payment methods or sharing experiences via word-of-mouth, and habitually
using contactless payment methods, especially the facial recognition payment method;
thus, we decided to further explore these internal connections.

As such, the following hypotheses are proposed:

Hypothesis 8 (H8). User satisfaction has positive effects on continuous usage.

Hypothesis 9 (H9). User satisfaction has positive effects on word-of-mouth.

Hypothesis 10 (H10). Continuous usage has positive effects on word-of-mouth.

Hypothesis 11 (H11). User satisfaction has positive effects on habits.

Hypothesis 12 (H12). Habits have a positive effect on continuous usage.

2.4. Perceived Value and Post-Adoption Behavior

Both service quality and perceived value can significantly shape the customers’
decision-making processes [38]. Perceived value may change customers’ perceptions
by offering them certain benefits to mitigate perceived risks and effort [39]. Many studies
have verified that people’s value perceptions are of paramount importance to behavioral in-
tentions. For example, Mou et al. (2019) found that perceived value is positively connected
to repurchasing intentions on e-commerce platforms [35]. Other studies have also indicated
that value plays a decisive role in driving customers’ intentions to use services on mobile
commerce platforms [52,53]; however, almost none of these studies have tested whether
perceived value influences people’s post-adoption behaviors, such as word-of-mouth and
habitual behaviors, in a contactless payment-related context. If users perceived contactless
payment usage as having a high value, they are more likely to continuously, repetitively,
and habitually use such a payment method, and have positive words to say about their user
experience. To generate a better understanding of contactless payment user behaviors, it is
important to unveil the connections between the perceived value of contactless payment
methods, recommendations of contactless payment methods made via word-of-mouth,
continuous usage of contactless payment methods, and habitual use of contactless payment
methods.

As such, the following hypotheses are proposed:

Hypothesis 13 (H13). Perceived value has positive effects on word-of-mouth.

Hypothesis 14 (H14). Perceived value has positive effects on continuous usage.

Hypothesis 15 (H15). Perceived value has positive effects on habit.

2.5. Contactless Payment: Facial Recognition Payment vs. Mobile QR-Code Payment

Both mobile and facial recognition payments are new, emerging digital payment
methods; however, they have already proven hugely convenient to customers. Due to
the prevalent use of 4G networks and smartphones in China, the QR-code payment has
currently become an upgraded substitute for card or cash payments; however, it is likely
that in the next few years, new and better payment technologies could emerge to replace
the mobile payment method [54].

In terms of user experience, facial recognition payment can help provide a service
with a higher value, by increasing service efficiency, enabling customers to no longer be
limited by battery problems with mobile phones, and they are able to pay directly via
facial scanning [55]. After years of development, facial recognition payment technology
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has become fully commercialized. Unlike other biometric identification technologies, this
technology recognizes human faces in a contactless manner and it is very convenient to
use. For merchants, a process of self-service, that is based on facial recognition payment,
can increase business efficiency and upgrade their services [8]. Taking Alipay’s facial
recognition payment system as an example, the entire payment process takes less than
10 s, without any need to queue or check out, which greatly saves users’ time. At the
same time, users no longer need to memorize complex and cumbersome passwords, so it is
extremely friendly to all users, especially the elderly. Nowadays, facial recognition payment
has been used in large-scale situations for commercial purposes, and it can be applied
in various sectors such as the retail industry, catering industry, and so on [23]. During
the COVID-19 pandemic, contactless facial recognition payment has not only increased
in popularity within China, but it has been increasingly used across a diverse range of
countries, including the US and Korea [2,3].

Another method that enables people to pay via smart and contactless means is mobile
payment through simple QR-code scanning. The QR-code was first created by a Japanese
company in the 1990s, but it has now become extremely popular in the US, France, Australia,
Thailand and so on, and in China, it has experienced a particularly rapid growth [56].
Moreover, because of the pandemic, the world now heavily depends on social distancing
and contactless payment, and just as with facial recognition payment, the use of QR-
code payment has also been boosted. Currently, the QR-code system is one of the most
convenient and safe payment methods, and it has been prevalently used in places such as
restaurants, cafés, and bars [57]. This method is one of the most convenient and popular
mobile payment methods because customers only need to scan the QR-code from the
merchant’s device to complete the payment, or the other way around, where merchants
can scan the QR-code on a customer’s mobile phone.

Mobile QR-code payment and facial recognition payment both offer certain advantages
regarding convenience, safety, cost, and user acceptability. In light of the COVID-19
pandemic, contactless payment has enjoyed increasing popularity all over the world. By
comparing the antecedents of customers’ value perceptions, satisfaction, and post-adoption
behaviors between these two payment methods, this paper can contribute to a better
understanding of customers’ experiences of contactless payment use, and it can offer
greater insight that could enable managers to formulate strategies accordingly to improve
service performance and achieve sustainable success during the post-pandemic era. It will
also provide greater insight into technological transformation in society, as it has been
postulated that in the near future, facial recognition payment might replace mobile QR-code
payment.

As such, the following hypothesis is proposed:

Hypothesis 16 (H16). User experience could be different between mobile payment and facial
recognition payment.

3. Methodology
3.1. Questionnaire

In this study, we intended to study the antecedents of user satisfaction and perceived
value of contactless payment use, and we also intended to examine the internal relationships
between user satisfaction, perceived value, and continuous usage of contactless payment
methods, as well as recommendations made about contactless payments via word-of-mouth,
and habitual contactless payment use. Eight variables were included in the conceptual
model (Figure 1), and the majority of questionnaire items were designed based on previous
studies, but a few were slightly modified to fit the research purposes of this study. A five-
point Likert type scale ranging from 1 (strongly disagree) to 5 (strongly agree) was adopted.
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Figure 1. Conceptual model.

3.2. Data Collection

This study aimed to investigate contactless payment user behaviors by surveying
those who have used facial recognition and mobile QR-code payments in China. In this
study, we used a random sampling method, and online survey links were shared through
WeChat, China’s largest SNS platform. The whole sampling process took about 7 months,
from May to December 2020. A total of 289 questionnaires were collected and used
for the final analysis. In this study, we aimed to find out how the quality of payment
service—including aspects such as the perceived usefulness, perceived ease of use, and
service security of a contactless payment method—can positively influence the perceived
value and user satisfaction of a payment service. Moreover, we also aimed to find out how
user satisfaction, perceived value, and continuous usage of a contactless payment service,
as well as recommendations of the service via word-of-mouth, and habitual use of the
service are correlated with each other.

The demographic characteristics of the samples in this study can be found in Table 1.
The questionnaires were randomly sent to WeChat users. A total of 289 respondents
completed the survey. Respondents were asked to choose their most-used payment method
and to answer the questionnaire based on their selected method. Most of them used
contactless payment at restaurants, supermarkets, convenience stores, and shopping malls.
Among the respondents, 60.55% were male and 39.45% female; 4.15% were 20 years old or
younger; 57.79% of them were 21–30 years old; 34.26% were 31–40 years old; 2.42% were
41–50 years old; and 1.38% were over 50 years old. Of all the participants, 44.64% selected
facial recognition payment as their most-used payment method, whereas 55.36% of them
chose the QR-code payment. More than half of respondents had used contactless payment
systems (mobile QR-code/facial recognition payment) for more than a year, and many of
them had undergraduate degrees, graduate degrees, or higher.
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Table 1. Sample profile.

Demographic Variables Frequency Percent

Gender
Male 175 60.55

Female 114 39.45

Age

20 or younger 12 4.15
21–30 167 57.79
31–40 99 34.26
41–50 7 2.42

Above 50 4 1.38

Education

Below high school 16 5.54
High school/vocational school 43 14.88

Junior college 58 20.07
Undergraduate 154 53.29

Graduate or above 18 6.23

Income (RMB)

2000 or less 23 7.96
2001–3000 29 10.03
3001–5000 74 25.61
5001–8000 117 40.48
above 8000 46 15.92

Most-used payment
method

Mobile QR-code payment 160 55.36
Facial recognition payment 129 44.64

Experience of usage

Less than 6 months 24 8.3
7–12 months 51 17.65

13–24 months 86 29.76
25–36 months 64 22.15

Above 36 months 64 22.15

Total 289 100

4. Results

To test the proposed hypothesis, this study adopted the PLS–SEM method (partial
least squares–structural equation modeling) [58–60]. PLS requires fewer restrictions on
both sample size and residual distribution [61]. In addition, PLS is extremely suitable for
analyzing complex relationships and can avoid inadmissible solutions and factor indeter-
minacy [62]; thus, this method was considered to be appropriate for this study. Moreover,
this study adopted structural equation modeling (SEM) using SmartPLS 3.2.8 software with
the 5000-subsample bootstrapping procedure recommended by Hair et al. (2016) [63].

4.1. Measurement Model

In this study, the reliability and validity of all measurement items were tested. In
general, if Cronbach’s α ranged from 0.6 to 0.7, it was considered acceptable; if the value
was above 0.7, it was considered desirable. The Cronbach’s α value of all the constructs
was above 0.7, showing good internal consistency. Additionally, all factor loadings were
0.5 or above (Table 2), which was consistent with the recommended level and showed a
good convergent validity [64]. According to the recommended threshold of Bagozi and
Yi (1988) [65], the AVE (average variance extracted) level should be higher than 0.5, and
the CR (composite reliability) level should be higher than 0.7. As such, the measurement
model showed good construct reliability. Discriminant validity was verified by following
Fornell and Larker’s (1981) criteria [66], whereby the square root of AVE exceeded the
inter-construct correlation, thus presenting proper discriminant validity. Based on the
above criteria, both the reliability and validity of the proposed model were confirmed
(Table 3).
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Table 2. Survey items and factor loading.

Items Content Factor Loading Source

PEOU1 Using this payment method is easy for me 0.700

[37,67]
PEOU2 Using this payment method does not require a lot of mental effort 0.642
PEOU3 Using this payment method is understandable and clear to me 0.776
PEOU4 It is easy to learn how to use this payment method 0.749
PEOU5 It will not be hard for me to become good at using this payment method 0.732

HB1 Using this payment method has become a habit for me 0.781

[19,68]
HB2 Using this payment method has become natural for me 0.758
HB3 Most of the time, this is the only payment method I use 0.644
HB4 Using this payment method has become part of my daily routine 0.801

SA1 Using this payment method to pay is a good idea 0.657

[48,49]
SA2 I like making purchases with this payment method 0.718
SA3 I am satisfied with the use of this payment method 0.745
SA4 The payment service meets my expectations 0.685
SA5 The overall purchasing experience was satisfactory 0.748

SS1 It is relatively safe to provide transaction information during usage 0.761

[37]
SS2 I think there are no security problems to offer personal information during usage 0.736
SS3 The risks associated with using this payment method are relatively low 0.865
SS4 I think that overall, this payment method is safe 0.813

CU1 I plan to use this payment method in the coming months 0.766

[23,37]
CU2 I will continue to use this payment method to make purchases 0.777
CU3 I prefer to continue using this payment method over other methods 0.630
CU4 Overall, I would like to use this payment method 0.761

PU1 This payment method is a comparatively efficient way to pay 0.699

[67,69]
PU2 This payment method will help me make payments smoothly 0.745
PU3 The use of this payment method is useful for me 0.768
PU4 The use of this payment method is beneficial for me 0.766

PV1 The merchant offered me good value from the experience 0.695

[35]
PV2 The shopping experience was worth the money 0.702
PV3 The merchant provided better service through this payment method 0.807
PV4 The merchant provided good payment service 0.743
PV5 Overall, I am satisfied with the value I received from the service 0.746

WOM1 I plan to recommend this payment method to my friends 0.699

[50]
WOM2 I will say positive things about my payment experience at this store 0.732

WOM3 I want to tell people around me about the payment experience at this store 0.790
WOM4 I will encourage people around me to try this payment method 0.846

Note: PEOU = perceived ease of use; HB = habit; SA = user satisfaction; SS = service security; CU = continuous
usage; PU = perceived usefulness; PV = perceived value; WOM = word-of-mouth.

Table 3. Fornell–Larcker Criterion, Construct Reliability, and Validity.

Variables 1 2 3 4 5 6 7 8 Cronbach’s
α

CR AVE

Perceived ease of use 0.721 0.768 0.844 0.520
Habit 0.452 0.748 0.738 0.835 0.560

User satisfaction 0.572 0.582 0.711 0.755 0.836 0.506
Service Security 0.393 0.427 0.479 0.795 0.805 0.873 0.633

Continuous usage 0.454 0.619 0.606 0.410 0.736 0.717 0.824 0.542
Perceived usefulness 0.562 0.434 0.535 0.321 0.471 0.745 0.734 0.833 0.555

Perceived value 0.508 0.504 0.553 0.492 0.447 0.491 0.740 0.793 0.858 0.547
Word-of-mouth 0.385 0.574 0.630 0.434 0.559 0.396 0.472 0.769 0.769 0.852 0.591

4.2. Structural Model
4.2.1. Hypotheses Testing Results

Table 4 presents the testing results for the hypotheses. It showed that perceived ease
of use (ß = 0.261, p < 0.05), perceived usefulness (ß = 0.218, p < 0.05), and service security
(ß = 0.201, p < 0.05) can have positive effects on satisfaction, thus supporting H1, H2, and
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H3. The findings for H4 and H5 demonstrated that both perceived ease of use (ß = 0.239,
p < 0.05) and perceived usefulness (ß = 0.256, p < 0.05) played decisive roles in shaping
customers’ value perceptions. Among the three dimensions of payment service quality,
service security (ß = 0.315, p < 0.05) had the strongest implication on perceived value,
thus supporting H6. In addition, it appears that perceived value can directly influence
satisfaction (ß = 0.216, p < 0.05), thus supporting H7. The data also suggests that satisfaction
is statistically significant in terms of continuous usage (ß = 0.349, p < 0.05), word-of-mouth
(ß = 0.397, p < 0.05), and habit (ß = 0.436, p < 0.05), meaning H8, H9, and H11 are accepted.
Moreover, continuous usage was identified as an important factor for recommendations
made via word-of-mouth (ß = 0.256, p < 0.05), thus supporting H10. It also emerged that
habit can positively drive continuous usage (ß = 0.384, p < 0.05), which supports H12.
Finally, perceived value was positively connected with word-of-mouth (ß = 0.140, p < 0.05)
and habit (ß = 0.264, p < 0.05), but not continuous usage (ß = 0.060, p > 0.05), and thus, it
only supports H13 and H15.

Table 4. Hypotheses Testing Results.

Hypotheses β
Standard
Deviation p Values Results

H1 Perceived ease of use → user satisfaction 0.261 0.063 0.000 Accepted
H2 Perceived usefulness → user satisfaction 0.218 0.058 0.000 Accepted
H3 Service security → user satisfaction 0.201 0.064 0.002 Accepted
H4 Perceived ease of use → perceived value 0.239 0.065 0.000 Accepted
H5 Perceived usefulness → perceived value 0.256 0.066 0.000 Accepted
H6 Service security → perceived value 0.315 0.055 0.000 Accepted
H7 Perceived value → user satisfaction 0.216 0.065 0.001 Accepted
H8 User satisfaction → continuous usage 0.349 0.068 0.000 Accepted
H9 User satisfaction → word-of-mouth 0.397 0.067 0.000 Accepted
H10 Continuous usage → word-of-mouth 0.256 0.068 0.000 Accepted
H11 User satisfaction → habit 0.436 0.063 0.000 Accepted
H12 Habit → continuous usage 0.384 0.064 0.000 Accepted
H13 Perceived value → word-of-mouth 0.140 0.063 0.027 Accepted
H14 Perceived value → continuous usage 0.060 0.062 0.333 Rejected
H15 Perceived value → habit 0.264 0.062 0.000 Accepted

4.2.2. Partial Least Squares Multi–Group Analysis (PLS–MGA) Results

As a non-parametric significance test for difference in group-specific results, PLS–MGA
usually builds on PLS–SEM bootstrapping results. The differences between group-specific
path coefficients can be considered significant when the p-value is either smaller than 0.05
or larger than 0.95. The PLS–MGA method as an extension of the original nonparametric
Henseler’s MGA method [70], is one of the most important analysis methods in SmartPLS.

Based on the Partial Least Squares Multi–Group Analysis results, out of the fifteen
hypotheses, five hypotheses showed some differences between these two groups (Table 5),
thus partially supporting H16. Perceived ease of use more powerfully impacted facial
recognition users’ value perception (ßM = 0.131, ßF = 0.393, p M vs. F > 0.95). Satisfaction is
less influential in terms of facial recognition users’ word-of-mouth (ßM = 0.514, ßF = 0.274,
p M vs. F < 0.05), whereas continuous usage played a more crucial role in driving word-
of-mouth (ßM = 0.115, ßF = 0.415, p M vs. F > 0.95); however, for QR-code users, their
habitual behaviors seemed to be more influenced by satisfaction (ßM = 0.570, ßF = 0.256,
p M vs. F < 0.05) and such habitual behaviors more significantly affected continuous usage
(ßM = 0.503, ßF = 0.248, p M vs. F < 0.05).
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Table 5. Partial Least Squares Multi–Group Analysis results.

Hypotheses β

(M)
β

(F)
p-Values

(M) p-Values (F) p-Value
(M vs. F)

H1 Perceived ease of use → user satisfaction 0.346 0.219 0.000 0.024 0.162
H2 Perceived usefulness → user satisfaction 0.181 0.222 0.022 0.017 0.635
H3 Service security → user satisfaction 0.155 0.253 0.074 0.005 0.783
H4 Perceived ease of use → perceived value 0.131 0.393 0.196 0.000 0.978
H5 Perceived usefulness → perceived value 0.268 0.149 0.009 0.094 0.192
H6 Service security → perceived value 0.368 0.270 0.000 0.000 0.183
H7 Perceived value → user satisfaction 0.229 0.168 0.010 0.086 0.324
H8 User satisfaction → continuous usage 0.287 0.381 0.001 0.001 0.755
H9 User satisfaction → word-of-mouth 0.514 0.274 0.000 0.004 0.040
H10 Continuous usage → word-of-mouth 0.115 0.415 0.176 0.000 0.987
H11 User satisfaction → habit 0.570 0.256 0.000 0.006 0.006
H12 Habit → continuous usage 0.503 0.248 0.000 0.010 0.020
H13 Perceived value → word-of-mouth 0.127 0.090 0.131 0.356 0.386
H14 Perceived value → continuous usage 0.002 0.128 0.984 0.232 0.830
H15 Perceived value → habit 0.199 0.263 0.010 0.010 0.695

Note: M = mobile QR-code payment; F = facial recognition payment; group-specific path coefficients that are
significantly different from each other have been highlighted in bold lettering.

5. Discussions
5.1. Theoretical Implications

In this study, we intended to investigate how payment service quality (perceived ease
of use, perceived usefulness, and service security) can influence people’s judgements of
value and satisfaction when using contactless payment methods; how their value percep-
tions, user satisfaction, and post-adoption behavior (as word-of-mouth, continuous usage,
and habit) are correlated; and how user behavior varies between mobile payment and facial
recognition payment during use.

We found that both perceived ease of use and perceived usefulness can impact satis-
faction, which is in line with Amin et al. (2014) [13], who noted that PEOU and PU were
critical in shaping user satisfaction toward mobile website usage. At the same time, service
security was found to be another significant predictor of user satisfaction. People may feel
more satisfied if a payment service is secure and safe during the transaction process. When
evaluating the service quality of a contactless payment method, if users consider it to be
useful, easy, and secure to use during the transaction, it can lead to a positive attitude and
increase satisfaction with regard to that method being used.

This study also presented some other findings by showing positive associations among
PEOU, PU, service security, and perceived value. It turned out that these three dimensions
(PEOU, PU, and service security) could not only significantly improve people’s satisfaction
level but also their value perceptions. We also found that value plays a key role in shaping
consumer satisfaction. Such a result is consistent with Turel and Serenko’s (2006) study [71],
Karjaluoto’s study (2019) [72] and Alalwan’s (2020) study [53]. Thus, users’ value percep-
tions heavily rely on payment service quality, which indicates that if payment methods are
beneficial, convenient, and safe, they may perceive greater value from contactless payments.
Eventually, higher value perceptions can result in a more satisfactory user experience.

Additionally, many studies only explored the antecedents of payment technology
adoption, but little attention has been paid to post-adoption behaviors such as recom-
mendations made via word-of-mouth and habitual use, especially for facial recognition
payment; however, the continued study of post-adoption behaviors regarding contact-
less payment technologies is critically important for a better understanding of current
customer behaviors. This study revealed that user satisfaction is positively associated
with continuous usage, habit, and spreading positive word-of-mouth. It is significant to
increase satisfaction with contactless payment, because a pleasant user experience can
greatly promote repetitive use, habitual behaviors, and recommendations made via word-
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of-mouth. The results also illustrated that habitual behaviors could encourage continuous
usage and consequently lead to positive word-of-mouth. Habitual use can be a main driver
to customers’ intention to use contactless payment [73] and through continuous usage,
they may intend to recommend the use of such a payment [74]. It seems that for many
users, contactless payment use has become a matter of habit. Such habitual behaviors
have become part of customers’ daily routines and may enhance continuous usage in the
post-pandemic era. If users then repeatedly and continuously use the same method to
pay, they also tend to say positive things about the service and make recommendations
to others to try it out. Furthermore, some studies have suggested that perceived value
could be the major driver of behavioral intention [35], and these values can significantly
affect customer intentions to use mobile-related banking services [75]; however, our result
turned out to be different in this study. Even though we expected that people may intend
to reuse the contactless payment if they received a high utility value, economic value and
so on, unfortunately, it seems that perceived value is insignificant to people’s continued
usage of such payment. Nevertheless, perceived value was found to be an indispensable
predictor in terms of recommendations made via word-of-mouth, in addition to forming
habitual behaviors with regard to contactless payment use. Based on our knowledge,
such findings firstly confirm that with higher value perceptions, users may have greater
propensity to develop a habit of using contactless payment methods, spreading positive
word-of-mouth, and making recommendations to friends or family members. Previously,
relationships between perceived value and post-adoption behavior remained relatively
unclear. This study may shed more light on this by discussing how perceived value is
associated with post-adoption behaviors concerning new payment methods. The above
findings also further verified the idea that word-of-mouth plays a vital role in payment
technology adoption activities, although this is a variable that has more frequently been
investigated in the post-purchasing context.

Finally, we confirmed that although mobile and facial recognition payments shared
some similarities in offering a contactless way to pay, their user experience differs sig-
nificantly from each other. A great deal of studies focused more on adoption of mobile
payment rather than facial recognition payment, and almost none of them revealed the
differences in user behaviors between mobile and facial recognition payments. By unveiling
the behavioral patterns of adopting different payment technologies, this study can also
contribute to a more comprehensive understanding of using contactless payments in the
post pandemic era. For facial recognition users, perceived ease of use could more strongly
impact their value perception, and their continuous usage could have more powerful
effects on word-of-mouth. This might be related to the fact that facial recognition payment
has reduced restrictions on hardware devices, and has offered people a more efficient
and easier way to pay, so customers tend to receive greater value from such usage. With
increasing usage, facial recognition payment users might obtain more extensive benefits
from using this new method, and they may tend to have a greater propensity to spread
positive words accordingly. For mobile QR-code payment users, however, their satisfaction
is more influential in terms of word-of-mouth and habitual behaviors, and such habitual
behaviors could greatly motivate continued usage. It seems that for QR-code payment
users, their user satisfaction and post-adoption behaviors are more strongly correlated
when compared with facial recognition payment users. This might be explained by the fact
that most QR-code payment users in China have already used such methods to pay for
a relatively long period of time, but many facial recognition payment users only started
using this new method when we conducted this survey. A lot of facial recognition payment
users are still in the early stages of using this new payment technology [23], and perhaps
some still have not fully considered using this new method as a part of their daily routine;
however, along with convenience and sales promotion, habitual behaviors were regarded
as one of the top priorities that may drive individuals to use mobile payment [6].

Therefore, if customers regard contactless payment method as easy to use, convenient,
useful, and safe, they are more likely to perceive the technology as having a greater value
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and they are more likely to feel satisfied with such payment. Consequently, higher value
perception and satisfaction level may activate more post-adoption behaviors. Such post-
adoption behaviors of contactless payment may profoundly influence people’s consump-
tion activities in the long-term, which will encourage people continuously use contactless
payment even after the pandemic. Overall, this study provides further insight into peo-
ple’s behavioral patterns when using contactless payment in society. By comparing the
differences between mobile QR-code payment and facial recognition payment, this study
also eminently contributes to the understanding of current user experiences in terms of
different contactless payment methods.

5.2. Practical Implications

In this study, we investigated the antecedents of customers’ perceived value and
satisfaction of mobile QR-code and facial recognition payments. The findings revealed that
PEOU, PU, and service security are all crucial influences on user satisfaction and perceived
value. Managers should ensure that users can easily use contactless payment methods
without needing to make extra efforts, and that they can enjoy greater convenience by
virtue of such usage. Service providers should also continuously upgrade their payment
systems to guarantee transaction safety. If contactless payment is easy to use, convenient,
and trustworthy, people are inclined to perceive greater value and feel more satisfied. As a
result, they will perhaps habitually and continuously use that method, and even engage in
positive word-of-mouth behavior such as recommending others to use it.

According to the group comparison results, for facial recognition payment users,
their value perceptions are more likely to be influenced by perceived ease of use and
their continuous usage can have more powerful effects on word-of-mouth behavior than
mobile payment users. Nevertheless, as facial recognition payment is relatively new to the
majority, it suffers from many issues such as risks of exposure of biometric information,
system failures regarding recognizing people’s faces with masks, and so on. Currently,
people still have certain concerns about the prospect of their personal data being stolen
when using facial recognition payment technology [10]; thus, it is necessarily important to
increase the utility of facial recognition payment, and ensure that personal information is
secure during the transaction process. Facial recognition payment service providers should
enable users to set their own limitations on transaction amounts. If a large transaction that
exceeds a limitation is going to be processed, a private password should be required to
complete the payment. Sometimes, facial recognition payment users have to enter their
phone number (last four digits) for a second verification stage after scanning, but instead
of using a phone number, a password might be more appropriate since others could have
access to individuals’ phone numbers but not a personalized password. Although facial
recognition payment is comparatively easy to use and has brought certain values to users,
it is also vital to further address technical problems by increasing facial recognition system
accuracy and reducing the incidence of system errors, which, in turn, would improve
system efficiency, stability, reliability, and security—consequently, this could encourage
continued usage during/after the pandemic and lead to a positive word-of-mouth about
use of facial recognition payment.

Another finding of the group comparison is that user satisfaction of facial recognition
payment seems to be a less salient driver of word-of-mouth and habitual behaviors, and
such habitual behaviors are not able to greatly fuel continued usage; therefore, the rela-
tionships among satisfaction and post-adoption behaviors of facial recognition payment
tend to be weaker than mobile QR-code payments. Indeed, some respondents mentioned
that they preferred to continuously use QR-code payments because it had become a habit
for them. Moreover, a few respondents also noted that at the beginning, they were cu-
rious about facial recognition payment and thought that such methods could be more
convenient; however, after trying this new technology a few times, they switched back to
QR-code payment or other methods due to security concerns, system errors, and failures
in recognizing faces with masks while using facial recognition payment methods. Thus,
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managers may face some difficulties in motivating people’s post-adoption behaviors, in
terms of changing their habits and maintaining large groups of new facial recognition
payment users. It might take longer for people to become familiar with facial recognition
payment than expected. Nevertheless, facial recognition payment may be more popular
among the elderly, because it is less reliant on the skilled use of smartphones and does
not require a password to complete payment. As such, it is more user-friendly for the
elderly. A large number of respondents mentioned that their parents learned how to use
facial recognition payment even though they had previously experienced difficulties with
using QR-code payment. Companies should prepare to consistently promote the use of
facial recognition payment not only to the young, but elderly users should also be one
of the target groups. In other words, service providers should make long-term plans to
ensure payment service quality, market the use of facial recognition payment, enhance the
growth of diverse users, and actively work to avoid the prospect of people switching back
to mobile payment or other methods. Finally, giant financial service companies such as
Tencent (owners of WeChat Pay) and Ant Group (owners of Alipay) have already been
the dominant players for both mobile QR-code and facial recognition payment. A lack
of competitors might hinder new technology development within the market. To further
motivate the use of facial recognition payment in the future, governments should perhaps
endeavor to provide adequate technical or financial support to create more opportunities
for other financial service companies to develop and commercialize facial recognition
technology. Consequently, this may encourage financial service companies to compete
more actively to upgrade the current technology and offer a better transaction service.

All in all, currently, QR-code payment might be considered safer and preferred by
many, but in fact, facial recognition payment based on biometrics can be more secure than
QR-code payment and other mobile phone-based payment technologies [55]. It is probably
true that mobile QR-codes will still be the dominant payment method in China for a while,
but in the future, if service companies continuously upgrade the facial recognition payment
system’s efficiency, security, and accuracy, and if governments propose more extensive
regulations and laws to restrict the misuse of sensitive data retrieved from facial recognition,
this new technology may gradually be accepted by the majority. Facial recognition payment
that offers a great deal of convenience by providing a contactless and efficient way to pay
might also become extremely popular in other countries.

6. Conclusions and Limitations

In this study, we confirmed that perceived ease of use, perceived usefulness, and
service security are vital antecedents of the perceived value of and user satisfaction when
using contactless payment. The findings also clarified the correlations among the perceived
value, user satisfaction, recommendations made via word-of-mouth, continuous usage,
and habitual use. The group comparison results unveiled the differences in user behavior
between mobile QR-code and facial recognition payments. We believe that this study
offers more information about users’ adoption behaviors regarding contactless payment
in the post-pandemic era, which will serve to provide valuable insight for scholars and
practitioners; however, there are still some limitations, as discussed below:

First, even though we tried to be more inclusive during sampling, most users were
still members of the younger generations. In future studies, the sample could be more
diverse in terms of age, jobs, and so on. Secondly, we found that some have become
used to the method of QR-code payment and it is hard for them to change that habit;
during the pandemic, whenever people have had to use facial recognition payment, they
have needed to take off their masks, which makes this new method less convenient and
efficient; sometimes, the facial recognition system may even fail to recognize users’ faces
without masks, which could result in an extremely unpleasant experience. As a result, some
users tried facial recognition payment a few times, but switched back to other payment
methods due to these problems. Such phenomena suggested that user behavior of using
contactless payment methods seem to be relatively changeable and dynamic. It also means
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that individuals’ experiences might differ from time to time since some may switch between
different payment methods until they find the best way to pay. It is therefore a significant
finding, and scholars should conduct further research to obtain more diverse results. Third,
we only discussed QR-code payment in this study, as it is one of the most popular non-
contact payment methods in China, but it could be interesting to compare other contactless
payment methods with facial recognition payment in the future, which may contribute to a
deeper understanding of the current transformation of digital payment services.
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