
Citation: Zhang, B.; Ying, L.; Khan,

M.A.; Ali, M.; Barykin, S.; Jahanzeb,

A. Sustainable Digital Marketing:

Factors of Adoption of

M-Technologies by Older Adults in

the Chinese Market. Sustainability

2023, 15, 1972. https://doi.org/

10.3390/su15031972

Academic Editor: Jun (Justin) Li

Received: 11 December 2022

Revised: 11 January 2023

Accepted: 15 January 2023

Published: 19 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Sustainable Digital Marketing: Factors of Adoption of
M-Technologies by Older Adults in the Chinese Market
Bohan Zhang 1, Li Ying 2,*, Muhammad Asghar Khan 3, Madad Ali 4, Sergey Barykin 5 and Agha Jahanzeb 6

1 School of Engineering, University of Bristol, Bristol BS81TH, UK
2 School of Economics and Management, Ningxia University, Yinchuan 750021, China
3 School of Economics and Management, Panzhihua University, Panzhihua 617000, China
4 School of Economics and Management, Qujing Normal University, Qujing 655011, China
5 Peter the Great St. Sergey-Barykin—Graduate School of Science and Trade, Petersburg Polytechnic University,

195251 St. Petersburg, Russia
6 Department of Business Administration, Sukkur IBA University, Sukkur 65200, Pakistan
* Correspondence: liying@nxu.edu.cn

Abstract: A rapidly graying population has coincided with the widespread use of information tech-
nology (IT) since the turn of the 20th century. As the elderly are less familiar with IT, paying attention
to the acceptance of the rapidly evolving digital marketing ecosystem is essential. Engagement with
consumers and M-technologies is one of the most significant aspects of the digital marketing envi-
ronment. The technology acceptance model (TAM) and the theory of planned behavior (TPB) were
used to develop the theoretical framework of this study. Using technological anxiety as a moderating
variable, we tested the theoretical model linking perceived value, subjective norm, effort expectancy,
performance expectancy, and self-efficacy to measure older adults’ attitudes and intentions toward
M-technology. Sample sizes of 251 respondents were selected with 95% confidence. To analyze the
relationships between the variables proposed, structural equation modeling (SEM) was implemented.
The results revealed that perceived value positively affects performance expectancy, effort expectancy,
self-efficacy, subjective norm, attitude, and intention to adopt M-technology. Furthermore, tech-
nology anxiety moderated the effect of intention toward M-technology. The results explain that
technology anxiety dampens the positive impact of the attitude of older adults on their intention to
adopt M-technology. Managers must address this issue while developing marketing strategies for
elderly consumers.

Keywords: perceived value; effort expectancy; performance expectancy; intention; M-technology;
older Chinese adults

1. Introduction

Technology advancements bring rapid changes in human lifestyles and standards in all
aspects. People interact daily with new Information and knowledge using internet search
engines, features, and frequently new applications. The expanding power of technologies
makes it possible to access information and understand sources and services. The boom
of technology is also reaching out to the older generation. In China, the rate of the aging
population is high compared to the rest of the world. According to [1], China faced the
most significant level of older adult population among all countries in the world, with
Chinese people over 60 years estimated to exceed 194 million, which is equivalent to 14.3%
of the total population of China [2].

Given that China has a large proportion of the population in old age, there is a need
to understand the benefits of active technology adoption among older people [3,4]. China
is facing a challenge in meeting the needs of aging-related issues such as security, health,
social, and community services. However, with the adoption of new technologies among
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older adults, China’s socioeconomic burden of dealing with families, communities, societies,
and the country may be decreased considerably [5].

Recently, the world has been moving toward advancing information and communi-
cation technology (ICT), considered a valuable tool of life, helping to create an integrated
society where people can interact and share knowledge and thoughts. Coincident with
the advancement of ICT, there is a fast escalation in the world’s aging population, with
surveys indicating that China’s older population is growing more quickly than all other
countries [6,7]. The impacts of China’s 36 year, one-child strategy, joined with unprece-
dented enhancements in health services, have increased life expectancy and brought about
a decline in the birth rate in China. In China, life expectancy increased from 67 to 75 during
the one-child policy’s implementation, and the birth rate dropped from 2.8 to 1.7 [8,9].
The rapid increase in the aging population needs proper attention from administrative
authorities, policymakers, and service providers because new technologies bring complica-
tions that increase the rejection rate among particular age groups. The previous literature
states that, among ICT products, the smartphone is the most fantastic; however, in some
age groups, the adoption rate is meager. Technology is an integral part of individuals’
lives in China, and, if ICT is not adopted, there will be drastic impacts. The recognition of
technology adoption has been echoed primarily in qualitative studies. The use of telehealth
via the internet is already under investigation in the healthcare sector [10,11]. Technology
with a bright future should be used by older adults, who are an important sector of society
and could more easily access M-technology than any other technology.

ICT is a valuable tool that can integrate social and make it more productive by help-
ing people to share knowledge and practical thoughts. The elderly has easy access to
smartphones, contributing to their widespread adoption as the ICT device with the highest
level of popularity among this demographic group. The mobile phone has been a critical
source of communication, social networking, information, and knowledge in recent years.
Researchers conclude that awareness and benefits of various technologies attract older
adults to adopt the technology, especially M-technology, that can mobilize quickly. The
39th Statistical Report produced by China Internet Network Information Center (CNNIC)
(Center, 2017) on Internet Development revealed that mobile phones are the primary source
of Information for Chinese people [12]. The growth of internet users has entered a stable
state. Continuous growth is encouraged by the development of innovative and improved
wireless networks, the emergence of the popularity of 3G and 4G technology, and innova-
tive smartphone applications. A CNNIC study showed that, in 2016, a 95.1% growth of
mobile usage in the Chinese population was recorded, with an annual growth rate of 10%
for three consecutive years. Furthermore, among the older adult age group (defined as age
45–64), 55% of the population is using smartphones [13,14].

In previous studies, researchers have focused on various places in China. Nevertheless,
they have conducted limited research studies and surveys in cities of Anhui province, home
to a large population of older adults. Anhui’s society is significantly related to agriculture,
but this province and its capital city, Hefei, are developing rapidly, reaching around eight
million. There are two main reasons for the researchers choosing Hefei city: its convenience
and locality for the researchers, and the homogeneity of the Chinese-aged population.
Previous studies have not paid much attention to M-technology adoption among older
adults [15].

It has been repeatedly shown that older adults use modern technologies (such as
computers, cell phones, and email) [16], and that they have good impressions of these
devices that contradict stereotypes [17,18]. However, there is a lack of knowledge about the
same innovative technologies that older adults are now adopting, as well as the causes and
viewpoints that influence their use (or nonuse). Human–technology interaction research has
concentrated chiefly on comprehending the variables that affect technology acceptability
over the last few decades. The technology acceptance model (TAM; Davis et al. [19])
was created as a result of earlier work by Azjen [20] concerning their theory of reasoned
action (TRA). The TRA asserts that the intention one has to carry out a specific activity is
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significantly influenced by that intention, which in turn is influenced by attitudes toward
the behavior and subjective norms, which are defined as a sense of social pressure to carry
out the behavior or refrain from doing so [21]. When Davis et al. [22] modified the idea
of behavioral intentions and applied it to using technology, they distinguished TAM from
TRA by assuming that these intentions were impacted by one’s attitude toward using
technology and assessment of its utility. Because the subjective norm element of their
model was the one that was least understood at the time [23], TAM added a contributing
component known as perceived ease of use, which is defined as “the extent to which the
prospective user anticipates the target system to be relatively straightforward to use”,
which would have a significant impact on future models of technology acceptance [22].
Therefore, it is urged to investigate smartphone technology adoption by the elderly. The
current study investigated how the perceived value of M-technology influenced older
people’s attitude toward adoption, to what extent does the M-technology providing ease
to older people influence their attitude towards adoption, and which factors are required
to promote M-technology in older people. We integrate two theories, the technology
acceptance model (TAM) and the theory of planned behavior (TPB), to create a framework
tailored to the specific characteristics and requirements of the people living in Anhui.
Most previous studies have been conducted to determine smartphone adoption differences
among genders, financial statuses, and geographic locations. Nevertheless, only minimal
studies have targeted older adults and their M-technology adoption. The rapid increase
in the aging population in China and low adoption among older adults will create a
vast generation gap in society, thus increasing complications and dependency among
older adults.

Furthermore, in previous studies, TAM and TPB theories were incorporated separately
to analyze user intention to adopt the technology; in contrast, our study carefully integrated
TAM and TPB and selected constructs and variables that best fit the survey environment.
We chose Hefei because of its locality and homogeneity in the Chinese-aged population, a
small city by Chinese standards. We targeted specific local people to study and analyze the
problem scientifically. For this purpose, a pilot study was conducted first, through which
we observed the effectiveness of the selected constructs and variables to make the study
more practical and honest.

The older population is increasing day by day. It represents a considerable opportunity
for M-industries to target a sizeable market. However, there are challenges in producing
and marketing new older, and adult-friendly products and services. This study can help
manufacturers or designers of M-products and services in the design phase. M-industry
providers can use our results to guide the practical design and deployment of M-products
geared to older adults. A practical consequence of this research is data to help ICT firms
plan, design, and implement e-government systems and services that effectively influ-
ence the willingness and intent of older adults to use such methods on the basis of user
expectations, needs, perceptions, beliefs, and other aspects.

2. Literature Review
2.1. Theoretical Stances Technology Adoption

The technology acceptance model (TAM), which measures how quickly new technolo-
gies are adopted, is thought to be a reliable tool. Different studies have been undertaken
to determine the positive and negative elements of older adults’ use of information and
communications technology (ICT) and the underlying motivations for their use. Numerous
theories and models of technology acceptance and practical usage have been developed
over the past few decades due to the research interest in this phenomenon [24]. The tech-
nology acceptance model (TAM) and its extension are widely used as measurement tools in
academic research [25,26]. Fred Davis first presented TAM [22], founded on Fishbein and
Ajzen’s theory of reasonable action (TRA), as well as Ajzen’s theory of planned behavior
(TPB) [21]. It is a prevalent paradigm used to explain and foresee the consequences of
technology acceptance for people [27]. Perceived usefulness and perceived ease of usage are
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identified in the basic TAM as fundamental and unique characteristics that have an impact
on decisions regarding the use of information technology [26] and function as a mediator in
the complex link that exists between system attributes (external constructs) and prospective
system utilization (attitude and behavioral intention) [28]. Since then, the extended variants
of TAM have been suggested in some studies as a way to adjust to various study objectives.
For example, by adding variables such as effort expectancy, learning difficulty perception,
and social influence, these studies have found that the extended variants of TAM can better
accommodate their respective research aims [29,30]. The different versions of TAM are
combined with several technology models in the unified theory of acceptance and use of
technology (UTAUT) (e.g., TAM2 and TAM3) [28,31,32]. The unified model, currently in
its second version, states that seven main elements influence a person’s behavioral inten-
tion to utilize technology (UTAUT2 [32]): performance expectations, effort expectations,
social influence, conducive conditions, hedonistic drive, price value, and habit. As a result,
behavioral intentions, facilitating factors, and habits impact actual usage behavior.

2.2. Theoretical Framework of the Study

The Davis [22] technology acceptance model (TAM) is the most widely used framework
for making predictions about whether or not people will adopt a new technology and for
quantifying their intentions to adopt the technology using the theory of planned behavior
(TPB). It is common practice for academics to combine TPB and TAM when studying how
technology impacts end-users’ values and preferences. Studies have used TAM to ascertain
users’ motivations for adopting new technologies [33], thus supporting the argument
that TAM highly influences the adoption and utilization of technology. According to a
situation perspective in most developing countries, the modified TAM has been found
most appropriate regarding user intention to adopt new technologies [34]. However,
our investigation of the previous literature found that no research study has explored
M-technology acceptance among older adults or used modified TAM to investigate their
intention to adopt M-technology.

Based on Ajzen’s [21] work, TAM stems from TRA and illustrates how people’s
actions change once they’ve come to terms with new technologies. TAM has two es-
sential constructs to measure the behavior of an individual toward technology: effort
expectancy and performance expectancy. In this study, modified TAM is used with a new
construct: perceived value; it is an essential variable because it represents compelling,
emotional, and practical features of using M-technology. Studies conducted by Moon [35]
and Zulfiqar et al. [36] also utilized modified TAM. In this research, we examine how M-
technology influences the formation of technological intention among older adults by
using the perceived value of M-technology as an antecedent of expectation expectancy and
effort expectancy. Earlier research incorporated TPB and TAM theories to evaluate user
technology adoption intentions, with outcomes confirming robust backing for consolidated
models [34,37]. TPB is used to understand individual actions and objectives using diverse
technological relevance [21]. TPB depicts that individuals’ actions significantly inflate
their intentions [38]. Figure 1 demonstrates how we integrated modified TAM and TPB to
evaluate older adult preferences toward M-technology.

2.3. Benefits of M-Technology

From the name “mobile technology”, it can be predicted that M-technology refers
to portable devices and activities the user can carry out anywhere, including various
tasks. M-technology allows users to perform their jobs and tasks using mobile devices
such as smartphones, PDAs, and tablets. M-technology is no longer used only to make
telephone calls and text messages. With the advancement of technology, it provides users
with facilities to engage them in different social and private activities with the help of web
searches and other mobile applications [39]. For older adults, smartphones are beneficial
in many aspects, such as being a source of happiness, reducing loneliness in the retired
community, promoting social associations, and allowing convenient interaction through
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which they can exchange information and knowledge. Mobility among older adults is
often limited; thus, smartphones can help them overcome loneliness and connect to the
world [30,40]. In the ICT environment, it is essential to keep learning, gain the same
capabilities as young people, and stay productive. The ability of older individuals to stay
connected with others at all times and locations, regardless of where they are physically
located, is a significant benefit of mobile technologies [41]. M-technology increasingly plays
a fundamental part in older adults’ healthcare and security. In Chinese society, older adults
stay at home; hence, mobile technology provides a sense of security for older adults since
they can be connected anytime when they are alone. Many administrative services and
government-level M-health service programs are being initiated, increasing the importance
of M-technology among older adults. The new situation provides opportunities for older
adults to fully exploit M-technology’s benefits and improve their quality of life regarding
security, health, communication, and wellbeing [42].
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2.4. Perceived Value (PV)

Perceived value explain by monetary benefit, social psychology, and quality [43,44].
Previous studies also defined it as the exchange between the practical benefits and the
expenses that individuals incur. Perceived value impacts individual thinking regardless
of the money and time spent on the activity. As previously mentioned, four sub-values
make up perceived value: emotional value, functional value, monetary value, and social
worth [45,46]. Dynamic values are then defined as the feelings and thoughts of individuals
created by experience with products and services. Functional values are the practical
benefits associated with products and services. M-technology’s available value motivates
individuals to adopt this latest user-friendly technology to understand the environment
better. Social value is defined as the benefits individuals feel from M-technology by con-
sidering that they could be connected with social sharing and thoughts. Money, time, and
effort invested in goods and services that provide enjoyment are referred to as having
monetary value [47,48]. Economic value is vital in the case of M-technology because users
spend money, time, and effort to purchase and learn its use. M-technology is no longer just
a choice; it has become a necessity of the modern era [49,50]. Currently, M-technology is
becoming an essential component of Chinese society, not only because it is used to commu-
nicate, educate, and provide leisure but also because many organizations provide M-health
services. M-technology allows users to communicate, exchange knowledge, and assist
one another in learning and making decisions [51]. According to Janawade et al. [52] and
Verhaegen et al. [53,54], one’s perspective on the significance of M-technology depends on
prior exposure to the technology and the advantages one hopes to reap from its utilization.
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Hypothesis 1 (H1). The perceived value of mobile technology has a direct and positive influence
on older adult attitudes.

Hypothesis 2 (H2). The perceived value has a direct and positive influence on subjective norms.

Hypothesis 3 (H3). The perceived value has a direct and positive influence on self-efficacy.

Hypothesis 4 (H4). The perceived value has a direct and positive influence on effort expectancy.

Hypothesis 5 (H5). The perceived value has a direct and positive influence on performance-expectancy.

2.5. Performance Expectancy (PRE)

The degree to which someone expects that the environment’s design will help them
carry out their everyday tasks successfully and profitably is modeled by their performance
expectancy [28,55]. In the case of M-technology, performance expectancy is the usefulness of
the technology [56,57]. It lets users access information by interacting with others at any time
without location restrictions. Performance expectancy is the most influential determinant
influencing the user’s behavioral intention to accept M-technology [58]. According to
Nyembezi [59], performance expectancy among older adults increases with M-technology
adoption intention.

Hypothesis 6 (H6). The performance expectations directly and positively influence older Chinese
adults’ attitudes.

2.6. Effort Expectancy (EE)

Effort expectancy, in theoretical terms, is the extent to which individuals consider that
they benefit from the system with less substantial psychological effort [28,60]. According
to Alraja et al. [61], effort expectancy is the sum of self-efficacy and user-friendliness. To
exploit and consume technology, the user should be fully aware of its values and benefits
and believe that this technology assists them in fulfilling their needs and wants [62,63].
According to Milošević et al. [64], self-efficacy and ease of use are powerful determinants
that strongly influence the user’s behavioral intention to accept or reject the system. Effort
expectancy is necessary to determine individual attitudes toward technology adoption [65].

Hypothesis 7 (H7). The effort expectations directly and positively influence older Chinese
adults’ attitudes.

2.7. Attitude (ATD)

Attitude is the emotional tendency of an individual to be expressive after having
experienced or evaluated a particular situation and acting to approve and disapprove
of it [66,67]. Bombaes [68] concluded that an individual’s attitude significantly affects
their behavior, and they are expected to act positively or negatively in a specific situ-
ation. An individual’s attitude further translates into intentional behavior toward the
circumstances [69,70]. Information and knowledge about the benefits of technology are
the crucial determinants that change the individual’s attitude and result in changing their
behavior [71]. According to Chi et al. [72], older adults in later life can be encouraged and
motivated to have a good attitude about M-technology utilization if they are aware of the
values incorporated in M-technology. Lee [73] discovered a clear link between an older
person’s mindset and M-technology use. Additionally, the user’s subjective norms and
attitude are evaluated as a consequence of the intention [74].

Hypothesis 8 (H8). The attitudes directly and positively influence their intention to use M-technology.
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2.8. Subjective Norm (SN)

Subjective norm is the support or approval of specific behavior by people living in
a society in a particular situation. It encourages or discourages individual behavior in a
given case and in a specific manner [75]. Subjective norms are also social pressure from
sources, including children, parents, friends, media, peers, and society [21,76]. Previous
studies have found a substantial relationship between subjective norms and a person’s
propensity to adopt a technology [77,78]. In the case of M-technology, the views of chil-
dren, friends, and society are essential because (1) individuals interact with others, share
knowledge, information, and thoughts, and (2) individuals learn efficiently and effectively
by communicating with others who are close and strongly affect their intention [79,80].

Hypothesis 9 (H9). The subjective norms directly and positively influence older Chinese adults’ attitudes.

2.9. Self-Efficacy (SE)

A specific definition of self-efficacy includes the level individuals to which believe
they can carry out a task positively and efficiently [81,82]. Self-efficacy is described in this
study as an individual’s confidence in their ability to employ cutting-edge M-technologies,
which in turn affects their propensity to do so. Solvberg [83] observed that individuals’
behavior toward technology adoption was significantly associated with knowledge about
the usage and associated benefits and values. Similarly, Rønning [84] found three subjective
norms that construct attitude and determined that self-efficacy significantly impacts the
user’s intention to adopt or pursue new technology.

Hypothesis 10 (H10). Self-efficacy has a direct and positive influence on the attitudes of older
Chinese adults.

2.10. Moderating Role of Technology Anxiety (TA)

Technology anxiety is the term for users’ uneasiness, anxiety, and fear when utilizing
the most recent technology [85]. This anxiety is characterized by extreme apprehensiveness
about using technology and negative comments about the latest technology, resulting in
even avoiding that technology [86,87]. Studies show that M-technology anxiety is a fact
and commonly occurs among older adults. It is assumed that elderly users have lower
self-efficacy and technical skills than more youthful users [88,89]. It was also found that
technology anxiety among older adults is caused by declining cognitive and physical
abilities and capabilities, resulting in negative intention toward adopting new technol-
ogy [90,91]. We offer the following hypotheses to assess the adoption of M-technology by
older adults on the basis of the literature review mentioned above.

Hypothesis 11 (H11). Technology anxiety moderates a direct and significant relationship between
attitude and intention to use M-technology among older Chinese adults.

3. Methodology
3.1. Research Instrument Design

To ensure content validity, the construct used in this survey was adapted from a
previous study. The perceived value, subjective norms, and attitude items were taken
from Wu et al. [80] and Zulfiqar et al. [30]. A five-point scale for effort and performance
expectancy was adapted from Miloevi et al. [52], one for attitudes toward M-technology was
taken from Ma et al. [81], and one for technology anxiety was obtained from Meuter [82]. A
controlled variable was based on behavioral factors, including age, gender, and education.
Table 1 shows demographic information on gender, age, education, and experience with
M-technology. On a scale from one to seven, with one representing “strongly disagree”,
four representing “neutral”, and seven representing “strongly agree”, all of the responses
for each construct-related item were scored. The questionnaire for the poll was first written
in English, and responses were gathered from members of the Chinese community who use



Sustainability 2023, 15, 1972 8 of 19

WeChat. To address the topic of instrumental validity and reliability, it was necessary to
translate the instrument into the Chinese language, with a backtranslation being carried out
as observed in [92]. The writers enlisted the help of three native Chinese speakers in their
quest to find an answer to this predicament. The survey was initially created in English
and was translated into Chinese by three people. Semantic ambiguities from the original
Chinese survey were ironed out in the retranslation into English. To assess the content
validity of the study, the authors approached two experts from the School of Management
and the School of Psychology to review and evaluate the instrument.

Table 1. Demographic data.

Demographic Information Frequency Percentage

Age
45–50 91 36.4
50–55 98 39.2
55–60 54 21.6

60–onward 7 2.8

Gender
Male 136 54

Female 115 46

Education
Pre-primary 39 15.7

Primary school 19 7.80
Secondary 119 47.50

Post-secondary 74 29

Experience using M-technology
2–7 months 15 5.76
8–13 months 50 20.15

14–18 months 89 35.5
At least 19 months 96 38.59

3.2. Data Collection

As part of the survey questionnaire, data from the Chinese population were collected
in the third quarter of 2022 through Credamo (https://www.credamo.com). The site
contains 1.5 million strictly censored users and may be able to assist researchers in reaching
potential participants, as observed in the existing literature. Therefore, it allows researchers
to gain potential participants through online forums or member recommendations and
reward study participants. According to research conducted in China [93,94], it is regarded
as one of the most valuable sources of participants in the survey who were asked (1) if
they had ever used a smart gadget in the past, and (2) whether they had experienced
M-technology. We focused on China since it has a rapidly growing population of 1.4 billion,
which is expected to account for 28% of the world’s older people in 2040. Participants in
the poll were assured of complete anonymity and told on the survey’s front page that their
participation was purely voluntary. We obtained 258 responses in all, and 251 of them were
wide enough to be reviewed. Table 1 gives a better picture of the collected sample.

3.3. Common Method Based

As we collected cross-sectional data using only one instrument, common method bias
(CMB) may be present in the responses. To avoid the effects of CMB, three quantitative
approaches for behavioral modeling were used in the current study. Herman’s single-factor
biases approach was adopted as a first step, which is suggested in the existing literature [95],
to measure the maximum variance among the proposed constructs. Interestingly, it is worth
noting that the maximum variance in the overall model observed was 29.34% on the basis of
a single factor only. In addition, Keren et al. (2021) conducted a common latent factor (CLF)
test on the adapted instrument as a follow-up to the combinational analysis described above
in terms of the standard regression score. There was no discernible difference between the

https://www.credamo.com
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mean regression scores of the models that did not include the CLF and those that did have
the CLF. Thus, the quantified result of the study indicates no CMB. A variance inflation
factor (VIF) score was recorded to identify multi-collinearity. Hair et al. [96] noted that this
should be less than 3, which is acceptable for determining multicollinearity. As a result, the
current study has no concerns about multicollinearity.

Moreover, the collected data should be verified for the reliability of the information.
The nonresponse bias in the collected responses was also measured with the help of the
chi-square test. This was achieved by comparing the beginning and ending portions of the
collected responses both before and after the intervention period. In terms of the findings,
neither of the data groups displayed a statistically significant divergence from one other.
Due to the fact that the study was not affected by nonresponse biases, the results can be
considered satisfactory.

3.4. Analysis and Results

SEM is an essential tool for analyzing the measurement model and structural model
simultaneously through exploratory factor analysis (EFA), principal component analysis
(CFA), and regression [97]. The structural equation modeling (SEM) approach was carried
out with AMOS 24. Before factor loading was employed to assess the measurement, EFA
was utilized to ascertain the convergent validity of the construct’s composite reliability
(CR), Cronbach’s alpha, and average variance extracted (AVE). The ideal values for factor
loadings, Cronbach’s alpha, AVE, and CR, are 0.5, 0.6, 0.5, and 0.7, respectively [96]. All of
the constructs have Cronbach’s alpha values, factor loadings, AVE values greater than 0.5,
and CR values greater than 0.7, as shown in Table 2. As a consequence of this, the measures
included in our findings exhibit appropriate levels of convergent validity.

Table 2. Reliability and confirmatory analysis.

Constructs Items Loadings Cronbach Alpha CR AVE

Attitude ATD 1 0.856 0.885 0.886 0.722
ATD 2 0.801
ATD 3 0.823

Performance expectancy PRE 1 0.844 0.789 0.796 0.568
PRE 2 0.760
PRE 3 0.791

Perceived value PV1 0.900 0.932 0.933 0.776
PV2 0.861
PV3 0.866
PV4 0.885

Technology anxiety TA1 0.815 0.794 0.795 0.565
TA2 0.768
TA3 0.733

Intention IT1 0.805 0.823 0.825 0.612
IT2 0.762
IT3 0.794

Effort expectancy EE1 0.761 0.804 0.807 0.512
EE2 0.826
EE3 0.771
EE4 0.801

Subjective norm SN1 0.772 0.778 0.784 0.554
SN2 0.827
SN3 0.720

Self-efficacy SF1 0.863 0.809 0.890 0.619
SF2 0.828
SF3 0.832
SF4 0.821

According to Fornell [98], a different method should be used to assess the discriminant
validity (Table 3), which compares the square roots of AVE values for each concept and
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association. When the AVE square root was higher than the correlation between the
constructs, discriminant validity is good. The discriminant validity of Table 3 is vital
because all values are superior to the standard.

Table 3. Mean variance, correlation, and AVE square root.

Construct M (SD.) PRE PV EE ATD IT TA SN

Performance Expectancy 4.36 (1.22) 0.751
Perceived value 4.62 (1.25) 0.181 0.818
Effort expectancy 5.15 (1.49) 0.087 0.060 0.792
Attitude 4.43 (1.01) 0.158 0.098 −0.004 0.770
Intention 4.69 (1.29) 0.474 0.300 −0.023 0.300 0.846
Technology anxiety 4.46 (1.20) 0.412 0.430 0.020 0.007 0.458 0.771
Subjective norms 4.26 (1.45) 0.368 0.241 −0.011 0.146 0.500 0.471 0.741
Self-efficacy 4.79 (1.16) 0.389 0.435 0.082 0.150 0.430 0.420 0.531

PRE = performance expectancy; PV = perceived value; EE= effort expectancy; ATD = attitudes; IT = intentions;
TA = technology anxiety; SN = subjective norms. Correlation values in Bold should be higher from the relevant
correlational values below in the column.

Anderson and Gerbing [99] suggested that there are two systematic steps to assess the
proposed model results (Figure 1). The measurement model was tested using CFA in the
first stage, and the structural model was used in the second stage to evaluate the proposed
model’s overall design. SEM helps validate research results, and many researchers from
various disciplines have adopted this technique. Researchers use fitness indices such as
the chi-square test and the Tucker–Lewis (TLI) index to determine the model’s fitness,
NFI (normative fit index), CFI (comparative fit index), and RMS error of approximation
(RMSEA). The approved chi-square rate should be between 2.0 and 5.0, depending on the
sample size [100]. It is deemed to have good fitness indices if the RMSEA value is less than
0.08 CFI and TLI values should be above 0.90, while NFI values should be at least 0.95,
according to Arbuckle [101].

3.5. Measurement Model Analysis

The chi-square (1.803), TLI (0.946), IFI (0.955, CFI (0.954), NFI (0.904), and RMSEA
(0.054) values all point to the goodness of fit of the model. In light of the benchmark
values for the indices mentioned above, the findings support the legitimacy of further
investigation into the structural model.

3.6. Structural Model Analysis

The structural model indices demonstrate that the model fits well, with the follow-
ing values: chi-square (2.521), TLI (0.882), IFI (0.941), CFI (0.939), NFI (0.906), and RM-
SEA (0.065).

Our results show (see Figure 2) that the perceived value of M-technology is certainly
linked with attitude (β = 0.271, t = 4.888, p < 0.001). The perceived value is significantly
linked with effort expectancy (β = 0.379, t = 9.514, p < 0.001), performance expectancy
(β = 0.742, t = 4.837, p < 0.001), subjective norm (β = 0.230, t = 1.99, p < 0.05), and self-efficacy
(β = 0.371, t = 3.32, p < 0.001). Whereas effort expectancy significantly regressed attitude
(β = 0.427, t = 9.31, p < 0.001), performance expectancy influenced attitude positively
(β = 0.289, t = 4.99, p < 0.001). Subjective norms are positively associated with attitude
(β = 0.671, t = 5.21, p < 0.001), and self-efficacy is linked with attitude but not significantly
(β = 0.161, t = 0.035, p > 0.01). The attitude of the older adults toward M-technology
is positively associated with their intention to use M-technology (β = 0.535, t = 11.29,
p < 0.001).
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3.7. Hierarchical Multiple Regression Analysis

Table 4 summarizes the findings of hierarchical multiple regression. Figure 3 depicts a plot
indicating that technology anxiety impacts the association between older persons’ attitudes
and their intention to use M-technology; the result shows that it dampens the relationship.

Table 4. Hierarchical multiple regression analysis.

Variables Model 1 Model 2 Model 3

Age 0.548 *** 0.363 *** 0.323 ***
Gender −0.062 −0.022 −0.020
Education 0.26 0.011 0.023
Attitude 0.105 *** 0.151 ***
Technology anxiety 0.501 ***
Attitude × technology anxiety −0.162 ***
R2 0.463 0.548 0.598
F 62.82 *** 61.07 *** 57.74 ***

*** Correlation is significant at the 0.01 level (two-tailed).
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Figure 3. Moderating effect of technology anxiety on the relationship between older adults’ attitude
and intention toward M-technology.



Sustainability 2023, 15, 1972 12 of 19

4. Discussion

In this study, the attitudes and intentions of older persons in China concerning M-
technology are examined concerning perceived values. To conduct this study, a self-
administered survey was conducted to avoid any discrepancies. This study explores a
unique and new integrated model that integrates modified TAM and TPB to produce a
good model fit. Other crucial variables were used in addition to perceived value, including
expected expectancy, effort expectancy, self-efficacy, and the significance of subjective norms.
This study investigated technology anxiety as a moderator that reduces the constructive
association among attitude and intention toward M-technology by older adults in China.
The data were collected from 251 with a 95% confidence interval and a 5% margin of error
by Yamane [102] from the older adults living in Hefei, the capital of Anhui province. In the
analysis, Amos-24 was used to examine the measurement and structural models. This paper
considered 11 hypotheses; 10 were accepted, and one was rejected. Using M-technology is
associated with perceived value, according to our findings, which also show that perceived
value has a substantial beneficial impact on performance expectancy and effort expectancy.

Similarly, efforts and performance expectations greatly influence opinions regarding
M-technology among older adults. The purpose of older adults is examined for the first
time in this investigation by adjusting TAM and TPB to account for perceived value,
performance expectations, and effort expectations. The perceived values were positively
(and significantly) associated with self-efficacy and subjective norms. In contrast, self-
efficacy is associated with attitude in a positive but insignificant way. Subjective criteria
are positively associated with M-technology usage attitude. The intention and attitude of
M-technology usage by older adults are positively associated. When technology anxiety is
considered, it is discovered that this moderator affects the positive relationship between
attitude and intention to utilize M-technology. The values associated with M-technology are
emotional, functional, and social; such ideals manipulate the communal customs and norms,
self-efficacy, and personal mindset of older adults’ intention toward M-technology. By
examining the relationship between the perceived values connected with M-technology and
intention toward it, this research contributes significantly to the literature on the subject.
This is significant because M-technology is receiving much attention from researchers
seeking to predict factors and reasons that impact the intention toward M-technology. Our
study is one of the first to focus specifically on older adults in exploring this question.

Furthermore, as it approves or disapproves of an individual’s behavior, the subjective
standard is regarded as one of the most crucial components of intention [103]. This study
indicates that subjective norms play an essential part in developing intentions among
older adults. An individual can learn and gain knowledge through social interaction and
encouragement from society [81]. Older adults will accept technology if they anticipate
it will satisfy their needs and desires. The research findings show that older adults lack
confidence while engaging with new M-technology; self-efficacy was defined as the user’s
self-confidence about their capabilities and abilities to use M-technology. At this stage,
external and social support is necessary for older adults to have an attitude and intentions
toward M-technology. Technology anxiety is an arbitrator that reduces the constructive
association between attitude and intention to use M-technology. According to Czaja
et al. [17] and Mitzner et al. [18], technology anxiety among older adults is high compared to
young people. Older adults experience more anxiety while interacting with M-technology,
and the stress causes their performance to decline.

5. Conclusions

As discussed in the literature, the older population is increasing daily. M-technologies
have an opportunity to target this market and cope with the challenges by offering new
products and services geared to older adults. Addressing the research question drawn in
Section 1, this study produced two main findings. Firstly, this study can help manufacturers
or designers of M- products and services in the design phase of such offerings. Such
manufacturers should design products and services while considering older adults’ needs,
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wants, and ease. Before mass production of the products, companies should perform pilot
studies and give user orientation about the technology used. Only after a positive response
from older adults should the companies move toward mass production. Secondly, technical
and service support for older adults should be ensured after developing these products
and services. The support may include a suggestion to purchase appropriate M-technology
products, with home delivery, and setup assistance, software installation, and hardware
repair. Such support from industry and society can be a motivating and encouraging
factor that helps older adults adopt M- technology and benefit from it. Technology is
advancing and achieving breakthrough milestones as time passes. People preferred to
interact physically in the past, but that has changed due to COVID-19. People used to avoid
interaction with each other to minimize the risk of transmission. Older populations were
more vulnerable to COVID-19. The older population did not intend to adopt technology
before COVID-19, but COVID-19 compelled them to embrace it. Thus, the rate of technology
adoption after COVID-19 increased in the world, particularly in China.

5.1. Implications
5.1.1. Theoretical Implications

The primary purpose of this study was to contribute to the literature of mobile tech-
nology by testing the proposed framework of M-technology determinants that directly
and indirectly affect adoption behavior through emotional value. It is worth mention-
ing that past studies in this context were fragmented and exploratory in nature. Several
prominent studies [104] have recommended empirical testing to evaluate their effectiveness
and applicability in the mobile technology domain. A second contribution of this study
was to conceptualize medium-related factors associated with ensemble into the context of
mobile technology in order to add to the existing literature. As a result of using the TAM,
components related to M-technology were carefully selected and adapted in order to be
applied to the present study. Due to its unique coherence within the context of technology
adoption, credibility was prominently included in medium characteristics. Moreover, the
characteristics of M-technology (i.e., perceived value for adopting M-technology, effort
expectations, and performance expectations) were found to be pivotal factors in techno-
logical adoption. As a result, in conjunction with the TAM, it is recommended to include
effort perceived value, effort expectation, and performance expectation as important in-
dicators of adoption behavior among older adults. The third objective of this study is
to advance existing research by investigating the indirect impact of emotional value on
the association between M-technology characteristics (subjective norms, self-efficacy, and
technology anxiety) and adoption behavior in the context of older adults adopting mobile
technology. The study results indicate that emotional values do mediate this relationship
to influence adoption behaviors. This research contributes to the technological context of
consumer behavior literature by pointing out that emotional value may be one of the most
important factors underlying the relationship between M-advertising characteristics and
adoption patterns.

5.1.2. Practical Implication

Researchers, educators, practitioners, and politicians in China interested in expanding
elderly internet use can benefit in several ways from this study’s findings. The findings
of our study support the notion that perceptions of utility play a significant role in de-
termining older individuals’ intentions to use the internet and their actual adoption of
the medium. Selwyn et al. [105], along with other studies, implied that older persons
think computers and the internet are unimportant to their daily lives and do not provide
any advantages. The findings show that performance expectancy significantly impacts
older persons’ attitudes toward utilizing technology. The higher the performance of the
intelligent technology, the more appealing it is to older folks, who are more inclined to
adopt it. The findings of this study may help tablet makers and technology developers
improve their products, increasing the possibility that older persons will embrace and
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use mobile technology. It is essential to take into account a variety of intelligent devices
with M-technology features. Parveen et al. [106] was also brought to light that there is a
population known as “voluntary nonusers”, which refers to older persons who do not
feel the need to have access to the internet. The next generation of treatments should
make it easier for older people to understand how the internet can improve their lives
and provide a clear explanation of the platform’s capabilities and benefits. The second
most important finding from this research was that people’s perceptions about the value
of mobile technology can have a substantial impact on how quickly people adopt new
technologies. Existing user interfaces, according to the opinions of a few senior citizens,
are not warm and inviting. The software designers have not considered the participants’
individual difficulties with vision, perception, movement, and cognition [107]. Due to this
overt barrier, older adults cannot use mobile technologies. The stress on compromised
functions that older persons may already be experiencing should be as little as possible
when designing user interfaces and programs for mobile technology. Subjective norms,
which have also been shown to be significant variables, impact older individuals’ internet
use. According to the literature on the spread of innovations, social interactions and norms
are crucial in accepting new behaviors [108].

Influential people can help introduce and speed up the adoption of new techniques, as
shown by Valente and Davis [109]. The local communities of elderly Chinese individuals
interested in mobile technology should be studied as part of the project. These people
should be recognized as influential members of these networks. Experts in a given field
can set examples for followers, which speeds up the diffusion of ideas. Last but not least,
policymakers and practitioners should make better conditions to encourage older Chinese
folks to adopt mobile technology.

5.2. Future Implications

Even though the findings from this study, which focused on older Chinese adults,
may be generalizable to other populations, more research is required to confirm this. This
study’s limitations should be considered when interpreting the results. As China is a big
country with regional and social diversity, the results may not represent all older adults
in China or in another geographic location. The study was carried out in Hefei, and all
the participants had an average level of education and economic condition. Furthermore,
this region, especially Hefei, is rapidly growing (China, 2020) [110]. In China, there are
also cultural diversities among the regions and provinces, differences which also affect
technology usage [111]. Future research could concentrate on significant cultural aspects
and their linkages since this study and sample do not fully represent the cultural diversity of
older persons for the reasons mentioned above. For example, Holden et al. [112] examined
the usage of a particular technological system by older adults from the perspectives of
person-related obstacles, task-related obstacles, tool-related obstacles, and context-related
obstacles. This methodology could provide a complete approach for a future study on the
acceptance of smartphones. Lastly, since health and wellbeing are vital concerns as people
age, future studies might concentrate on smartphone capabilities and features relevant to
these areas.

5.3. Recommendations

This study found that various personal, technological, and environmental complica-
tions need to be addressed to promote the use of smartphones by older adults. Recom-
mendations are presented here to encourage the usage of such technology by older adults
in China. In China, the monthly cost of smartphone usage is often a financial problem
for older adults; thus, smartphone manufacturing companies and telecommunication ser-
vice providers should offer attractive data packages, perhaps with particular age-related
discounts. In China, many older adults have limited-to-average education and learning
abilities. This characteristic suggests introducing training, awareness, and further educa-
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tion of older adults by means acceptable to them, removing traditional obstacles such as
their apprehension toward getting trained by youngsters.

Chinese older adults attach importance to positioning their image high in their social
networks. The impact of their usage of technology and the treatment they get will strongly
affect their use of smartphone services. Research by Yao et al. [113] discovered that older
Chinese adults’ fear of technology and poor smartphone performance are important factors.
A generation gap in adopting a new fashion will be mocked in their social networks. In this
rapidly evolving technology era, when the world is converging into a global village, society
has a responsibility to promote and encourage older people to use new technologies to boost
and safeguard their confidence. It is essential to push back against labels based on irrational
concerns about new technologies. The media and public opinion can play a significant role
in respecting the technical needs and rights of the elderly by promoting their adoption of
new technologies and providing suitable means for their education and training.
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60. Milošević, I.; Živković, D.; Manasijević, D.; Nikolić, D. The effects of the intended behavior of students in the use of m-learning.
Comput. Hum. Behav. 2015, 51, 207–215. [CrossRef]

61. Alraja, M.N.; Hammami, S.; Chikhi, B.; Fekir, S. The influence of effort and performance expectancy on employees to adopt
e-government: Evidence from oman. Int. Rev. Manag. Mark. 2016, 6, 930–934.

62. Abdallah, N.; Abdallah, O.; Bohra, O. Factors affecting mobile learning acceptance in higher education: An empirical study. Int. J.
Adv. Comput. Sci. Appl. 2021, 12, 664–671. [CrossRef]

63. Maiga, G.; Namagembe, F. Predicting adoption of mhealth technology in resource constrained environments. In Proceedings of
the 2014 IST-Africa Conference Proceedings, Pointe aux Piments, Mauritius, 7–9 May 2014; pp. 1–12.

64. Milosevic, D.; Andrei, S.; Vishny, R.W. A survey of corporate governance. J. Financ. 2015, 52, 737–783.
65. Mcmanus, P.; Standing, C.; Zanoli, R. A preliminary Laddering Analysis on Mobile Services Usage; McGraw Hill: New York, NY,

USA, 2009.
66. Kreitner, R.; Kinicki, A.; Buelens, M. Organizational Behavior; Irwin: Homewood, IL, USA, 1989.

http://doi.org/10.1056/NEJMoa1301969
http://doi.org/10.1177/0733464812463430
http://doi.org/10.1080/0144929X.2013.780637
http://doi.org/10.1186/s12877-021-02175-0
http://doi.org/10.1016/j.jbusres.2017.11.029
http://doi.org/10.1016/j.chb.2009.03.003
http://doi.org/10.1108/08876041111129209
http://doi.org/10.1108/JBIM-04-2012-0066
http://doi.org/10.1006/jeth.1994.1046
http://doi.org/10.56868/jadhur.v1i2.20
http://doi.org/10.56868/jadhur.v1i2.32
http://doi.org/10.1016/j.chb.2020.106456
http://doi.org/10.1080/02642069.2015.1002480
http://doi.org/10.1016/j.chb.2011.10.020
http://doi.org/10.1353/apr.2021.0036
http://doi.org/10.3389/fpsyg.2019.01652
http://www.ncbi.nlm.nih.gov/pubmed/31379679
http://doi.org/10.1016/j.caeo.2021.100041
http://doi.org/10.28945/4085
http://www.ncbi.nlm.nih.gov/pubmed/36553827
http://doi.org/10.1016/j.chb.2015.04.041
http://doi.org/10.14569/IJACSA.2021.0120482


Sustainability 2023, 15, 1972 18 of 19

67. Aditya, D.S.; Suprayitno, E. Mobile technology in indonesian nursing education: Potential and challenge. J. Keperawatan 2021,
12, 1–13. [CrossRef]

68. Bombaes, A. Student’s intentions to use m-learning: An empirical perspective from the philippines. Learning 2018, 8, 68.
[CrossRef]

69. Ajzen, I.; Cote, N.G. Attitudes and the prediction of behavior. In Attitudes Attitude Change; Psychology Press: London, UK, 2008;
p. 13.

70. Hajer, H.; Habib, A. Factors of entrepreneurial intention of the public civil servant: Empirical evidence in the case of tunisia. Int. J.
Bus. Manag. Econ. Res. 2013, 4, 673–687.

71. AlTameemy, F. Mobile phones for teaching and learning: Implementation and students’ and teachers’ attitudes. J. Educ. Technol.
Syst. 2017, 45, 436–451. [CrossRef]

72. Chi, I.; Yip, P.S.; Chiu, H.F.; Chou, K.L.; Chan, K.S.; Kwan, C.W.; Conwell, Y.; Caine, E. Prevalence of depression and its correlates
in hong kong’s chinese older adults. Am. J. Geriatr. Psychiatry 2005, 13, 409–416. [CrossRef] [PubMed]

73. Lee, J.; Mills, J.E. Exploring tourist satisfaction with mobile technology. In Information and Communication Technologies in Tourism
2007; Springer: Berlin/Heidelberg, Germany, 2007; pp. 141–152.

74. Krueger, N.F., Jr.; Reilly, M.D.; Carsrud, A.L. Competing models of entrepreneurial intentions. J. Bus. Ventur. 2000, 15, 411–432.
[CrossRef]

75. Elster, J. Social norms and economic theory. J. Econ. Perspect. 1989, 3, 99–117. [CrossRef]
76. Lin, L.Y.; Sidani, J.E.; Shensa, A.; Radovic, A.; Miller, E.; Colditz, J.B.; Hoffman, B.L.; Giles, L.M.; Primack, B.A. Association

between social media use and depression among us young adults. Depress. Anxiety 2016, 33, 323–331. [CrossRef]
77. Zhao, S.; Yao, Y.; Ya, N. Adoption of mobile social media for learning among chinese older adults in senior citizen colleges. Educ.

Technol. Res. Dev. 2021, 69, 3413–3435. [CrossRef]
78. Primack, B.A.; Escobar-Viera, C.G. Social media as it interfaces with psychosocial development and mental illness in transitional

age youth. Child Adolesc. Psychiatr. Clin. 2017, 26, 217–233. [CrossRef]
79. Krosnick, J.A.; Visser, P.S.; Harder, J. The psychological underpinnings of political behavior. In Handbook of Social Psychology; John

Wiley & Sons, Inc.: Hoboken, NJ, USA, 2010.
80. Levitan, L.C.; Visser, P.S. The impact of the social context on resistance to persuasion: Effortful versus effortless responses to

counter-attitudinal information. J. Exp. Soc. Psychol. 2008, 44, 640–649. [CrossRef]
81. Bandura, A.; Reese, L.; Adams, N.E. Microanalysis of action and fear arousal as a function of differential levels of perceived

self-efficacy. J. Personal. Soc. Psychol. 1982, 43, 5. [CrossRef]
82. Goh, T.-T. Exploring gender differences in sms-based mobile library search system adoption. J. Educ. Technol. Soc. 2011,

14, 192–206.
83. Solvberg, A.M. Computer-related control beliefs and motivation: A panel study. J. Res. Technol. Educ. 2003, 35, 473. [CrossRef]
84. Rønning, W.M.; Sølvberg, A.M. Older adults’ coping with the digital everyday life. Seminar 2017, 13, 2. [CrossRef]
85. Igbaria, M.; Parasuraman, S. A path analytic study of individual characteristics, computer anxiety and attitudes toward

microcomputers. J. Manag. 1989, 15, 373–388.
86. Hsu, L.-C.; Wang, K.-Y.; Chih, W.-H.; Lin, W.-C. Modeling revenge and avoidance in the mobile service industry: Moderation role

of technology anxiety. Serv. Ind. J. 2021, 41, 1029–1052. [CrossRef]
87. Yang, K.; Forney, J.C. The moderating role of consumer technology anxiety in mobile shopping adoption: Differential effects of

facilitating conditions and social influences. J. Electron. Commer. Res. 2013, 14, 334.
88. Arora, S.; Chaudhary, P.; Singh, R.K. Impact of coronavirus and online exam anxiety on self-efficacy: The moderating role of

coping strategy. Interact. Technol. Smart Educ. 2021, 18, 475–492. [CrossRef]
89. Giao, H.N.K.; Vuong, B.N.; Tung, D.D.; Quan, T.N. A model of factors influencing behavioral intention to use internet banking

and the moderating role of anxiety: Evidence from vietnam. WSEAS Trans. Bus. Econ. 2020, 17, 551–561. [CrossRef]
90. David, M.E.; Roberts, J.A. Investigating the impact of partner phubbing on romantic jealousy and relationship satisfaction: The

moderating role of attachment anxiety. J. Soc. Pers. Relatsh. 2021, 38, 3590–3609. [CrossRef]
91. Peltier, J.W.; Chennamaneni, P.R.; Barber, K.N. Student anxiety, preparation, and learning framework for responding to external

crises: The moderating role of self-efficacy as a coping mechanism. J. Mark. Educ. 2022, 44, 149–165. [CrossRef]
92. Keren, F.; Siddiquei, A.N.; Anwar, M.A.; Asmi, F.; Ye, Q. What explains natives and sojourners preventive health behavior in a

pandemic: Role of media and scientific self-efficacy. Front. Psychol. 2021, 12, 2446. [CrossRef] [PubMed]
93. Wang, F.-L. Organizing through division and exclusion. In Organizing through Division and Exclusion; Stanford University Press:

Redwood City, CA, USA, 2022.
94. Huang, Y.; Sengupta, J. The influence of disease cues on preference for typical versus atypical products. J. Consum. Res. 2020,

47, 393–411. [CrossRef]
95. Alomari, Y.M.; Abdullah, S.N.H.S.; Azma, R.Z.; Omar, K. Automatic detection and quantification of wbcs and rbcs using iterative

structured circle detection algorithm. Comput. Math. Methods Med. 2014, 2014, 979302. [CrossRef] [PubMed]
96. Hair, J.F.; Ringle, C.M.; Sarstedt, M. Partial least squares: The better approach to structural equation modeling? Long Range Plan.

2012, 45, 312–319. [CrossRef]
97. Hair, J.F.J.; Anderson, R.E.; Tatham, R.L.; Black, W.C. Multivariate Data Analysis; Prentice Hall: Upper Saddle River, NJ, USA, 1998.

http://doi.org/10.22219/jk.v12i1.14456
http://doi.org/10.5296/ber.v8i1.12305
http://doi.org/10.1177/0047239516659754
http://doi.org/10.1097/00019442-200505000-00010
http://www.ncbi.nlm.nih.gov/pubmed/15879590
http://doi.org/10.1016/S0883-9026(98)00033-0
http://doi.org/10.1257/jep.3.4.99
http://doi.org/10.1002/da.22466
http://doi.org/10.1007/s11423-021-10048-x
http://doi.org/10.1016/j.chc.2016.12.007
http://doi.org/10.1016/j.jesp.2007.03.004
http://doi.org/10.1037/0022-3514.43.1.5
http://doi.org/10.1080/15391523.2003.10782397
http://doi.org/10.7577/seminar.2307
http://doi.org/10.1080/02642069.2019.1585428
http://doi.org/10.1108/ITSE-08-2020-0158
http://doi.org/10.37394/23207.2021.18.2
http://doi.org/10.1177/0265407521996454
http://doi.org/10.1177/02734753211036500
http://doi.org/10.3389/fpsyg.2021.664399
http://www.ncbi.nlm.nih.gov/pubmed/34267704
http://doi.org/10.1093/jcr/ucaa029
http://doi.org/10.1155/2014/979302
http://www.ncbi.nlm.nih.gov/pubmed/24803955
http://doi.org/10.1016/j.lrp.2012.09.011


Sustainability 2023, 15, 1972 19 of 19

98. Fornell, C.; Larcker, D.F. Structural Equation Models with Unobservable Variables and Measurement Error: Algebra And Statistics; Sage
Publications: Los Angeles, CA, USA, 1981.

99. Anderson, J.C.; Gerbing, D.W. Structural equation modeling in practice: A review and recommended two-step approach. Psychol.
Bull. 1988, 103, 411. [CrossRef]

100. Kyriazos, T.A. Applied psychometrics: Sample size and sample power considerations in factor analysis (efa, cfa) and sem in
general. Psychology 2018, 9, 2207. [CrossRef]

101. Arbuckle, J.L.; Wothke, W. Amos 4.0 User’s Guide; Citeseer: Pittsburgh, PA, USA, 1999.
102. Yamane, Y. Statistics: An Introductory Analysis, 3rd ed.; Harper Row Publishers Inc.: New York, NY, USA, 1973.
103. Lang, F.R.; Carstensen, L.L. Time counts: Future time perspective, goals, and social relationships. Psychol. Aging 2002, 17, 125.

[CrossRef]
104. Haq, M.A.; Ghouri, A.M. Mobile advertising technology acceptance model m-tam, An extension of tam in mobile marketing

context. South Asian J. Manag. 2018, 12, 188–209. [CrossRef]
105. Selwyn, N.; Gorard, S.; Furlong, J.; Madden, L. Older adults’ use of information and communications technology in everyday life.

Ageing Soc. 2003, 23, 561–582. [CrossRef]
106. Tajudeen, F.P.; Bahar, N.; Pin, T.M.; Saedon, N.I. Mobile technologies and healthy ageing: A bibliometric analysis on publication

trends and knowledge structure of mhealth research for older adults. Int. J. Hum. Comput. Interact. 2022, 38, 118–130. [CrossRef]
107. Schieber, A.; Hilt, P.; Streker, P.; Endreß, H.-U.; Rentschler, C.; Carle, R. A new process for the combined recovery of pectin and

phenolic compounds from apple pomace. Innov. Food Sci. Emerg. Technol. 2003, 4, 99–107. [CrossRef]
108. Valente, T.W.; Rogers, E.M. The origins and development of the diffusion of innovations paradigm as an example of scientific

growth. Sci. Commun. 1995, 16, 242–273. [CrossRef] [PubMed]
109. Valente, T.W.; Davis, R.L. Accelerating the diffusion of innovations using opinion leaders. Ann. Am. Acad. Political Soc. Sci. 1999,

566, 55–67. [CrossRef]
110. Li, Y.-Y.; Liu, Y.; Ranagalage, M.; Zhang, H.; Zhou, R. Examining land use/land cover change and the summertime surface urban

heat island effect in fast-growing greater hefei, China: Implications for sustainable land development. ISPRS Int. J. Geo-Inf. 2020,
9, 568. [CrossRef]

111. Al-Emadi, T.A.; Al-Asmakh, M.A. Cultural differences and their impact: Some brief comments. Chin. J. Int. Law 2006, 5, 807–810.
[CrossRef]

112. Holden, R.J.; Schubert, C.C.; Mickelson, R.S. The patient work system: An analysis of self-care performance barriers among
elderly heart failure patients and their informal caregivers. Appl. Ergon. 2015, 47, 133–150. [CrossRef]

113. Yao, D.; Giannoumis, G.A. Information and Communications Technology and Social Media Accessibility in China; Routledge: London,
UK, 2017.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1037/0033-2909.103.3.411
http://doi.org/10.4236/psych.2018.98126
http://doi.org/10.1037/0882-7974.17.1.125
http://doi.org/10.21621/sajms.2018122.05
http://doi.org/10.1017/S0144686X03001302
http://doi.org/10.1080/10447318.2021.1926115
http://doi.org/10.1016/S1466-8564(02)00087-5
http://doi.org/10.1177/1075547095016003002
http://www.ncbi.nlm.nih.gov/pubmed/12319357
http://doi.org/10.1177/000271629956600105
http://doi.org/10.3390/ijgi9100568
http://doi.org/10.1093/chinesejil/jml042
http://doi.org/10.1016/j.apergo.2014.09.009

	Introduction 
	Literature Review 
	Theoretical Stances Technology Adoption 
	Theoretical Framework of the Study 
	Benefits of M-Technology 
	Perceived Value (PV) 
	Performance Expectancy (PRE) 
	Effort Expectancy (EE) 
	Attitude (ATD) 
	Subjective Norm (SN) 
	Self-Efficacy (SE) 
	Moderating Role of Technology Anxiety (TA) 

	Methodology 
	Research Instrument Design 
	Data Collection 
	Common Method Based 
	Analysis and Results 
	Measurement Model Analysis 
	Structural Model Analysis 
	Hierarchical Multiple Regression Analysis 

	Discussion 
	Conclusions 
	Implications 
	Theoretical Implications 
	Practical Implication 

	Future Implications 
	Recommendations 

	References

