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Abstract:

Smatrt clothing, as a cutting-edge atrtificial intelligence product integrating fashion and technology, demonstrates
substantial market potential. However, smart clothing featuring traditional Chinese medicine (TCM) therapeutic
functions has yet to achieve widespread adoption, with notably low usage frequency and short application cycles
among users. To address this challenge, this study constructs a theoretical model of user behavior for TCM ther-
apeutic smart clothing by integrating the Technology acceptance model, theory of planned behavior, and perceived risk
(PR) theory. A multi-stage research design was adopted. A structured questionnaire based on established scales
yielded 567 valid online responses (response rate: 97.7%), providing empirical support. Descriptive statistics and
cluster analysis explored sample characteristics and group differences. Confirmatory factor analysis assessed mea-
surement reliability and validity, while structural equation modeling tested hypothesized relationships. Additionally,
hierarchical regression and simple slope analysis examined the moderating effect of user technology literacy (UTL).
Results showed that perceived ease of use (PEOU) and perceived usefulness significantly enhanced user stickiness,
which positively influenced usage behavior. PR negatively affected stickiness, and UTL moderated the link between
PEQU and stickiness. Notably, perceived behavioral control and perceived cost did not show significant effects,
suggesting users prioritize functional benefits and health outcomes over controllability and economic concerns. This
study integrates theoretical and empirical analysis to quantify key behavioral factors, offering insights for product

design, marketing, and user experience optimization in TCM therapeutic smart clothing.
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1. Introduction

Thanks to continuous socioeconomic development and rapid
advances in artificial intelligence in recent years, intelligent
wearable technology, as an emerging technological product
category, is gradually penetrating the fashion domain. From
smart bracelets, watches to glasses, innovative applications
of intelligent technology continue to expand, extending into
the clothing industry and forming a cross-boundary integration
trend represented by smart clothing [1]. Smart clothing not only
meets people’s demands for multifunctional apparel but also
promotes the deep integration of modern artificial intelligence
with daily life, bringing new breakthroughs in health manage-
ment, functional design, and human—computer interaction [2].
According to the “2024-2029 China Smart Apparel Industry
Market Analysis and Investment Risk Research Report,” the
global smart clothing market is projected to reach $12.28 billion
by 2029, with a compound annual growth rate of 22.3%. In
China, the smart apparel market size is also showing rapid
growth, expected to exceed 100 billion RMB by 2025, demon-
strating enormous development potential.

Traditional Chinese medicine (TCM) therapeutic smart clothing, as
an innovative product combining TCM therapy concepts with
modern intelligent technology, aims to simulate TCM massage,
heat therapy, and other treatments through built-in sensors and

heating elements to provide users with health conditioning and
comfort experiences. However, these products currently face mul-
tiple challenges in market application, including low usage fre-
quency and insufficient user stickiness (US). This phenomenon
not only limits the market penetration of TCM therapeutic smart
clothing but also reflects its inadequacies in technical design and
user experience. How to improve US of TCM therapeutic smart
clothing and further transform it into stable usage behavior has
become an urgent issue for both industry and academia to
address.

In recent years, TCM therapeutic smart clothing, as an innova-
tive application in intelligent medical care and health manage-
ment, has received high attention and support from the Chinese
government. The “Action Plan for Further Improving Product,
Engineering and Service Quality (2022—2025)” released in 2022
proposed accelerating the research and development of new tech-
nology products such as smart clothing; the “Guiding Opinions on
Accelerating Digital Empowerment of Life Services” issued in
2023 explicitly required advancing digital applications in the med-
ical and health field and promoting the R&D and popularization of
intelligent medical equipment; in 2024, the “Several Opinions on
Promoting the Development of Digital TCM” further encouraged
the development of TCM health monitoring devices and smart
clothing using big data and artificial intelligence technologies, sup-
porting the construction of preventive healthcare management
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platforms. These policies have clarified the important position of
TCM therapeutic smart clothing in the national health manage-
ment system and provided strong support for its technological
innovation and market promotion.

Currently, user behavior (UB) issues in smart clothing have
attracted widespread attention, particularly research on pur-
chase intention and consumer behavior. For example,
Shucong Chen and Jing Ye used the PLS-SEM model to
explore factors influencing consumers’ smart clothing purchase
intentions, revealing the significant impact of expressiveness
on perceived ease of use (PEOU) [3]. Woo and Kim investi-
gated the mediating effects of brand evaluation and information
framing on users’ purchase intentions for smart medical
clothing [4]. Additional studies also show this gap. For example,
Turhan examined consumer acceptance of wearable technol-
ogies using the technology acceptance model (TAM) and
theory of planned behavior (TPB) yet focused mainly on initial
purchase intentions [5]. Similarly, Brauner et al. applied an
extended TAM model to investigate user acceptance of smart
textiles in home environments, but did not address US or con-
tinued use [6]. For instance, Ju and Lee explored the role of
cognitive risks in users’ psychological resistance to smart
clothing but failed to reveal the key mechanisms of US and
usage behavior for TCM therapeutic smart clothing from mul-
tiple dimensions [7]. In addition, Arachchi and Samarasinghe
recently highlighted the importance of integrating technology
acceptance frameworks to predict adoption and sustained
usage intentions for intelligent clothing, further underscoring
the necessity of this study [8].

Therefore, it is necessary to further construct a research model
targeting UB of TCM therapeutic smart clothing to fill the gaps in
existing research. This study integrates three theoretical per-
spectives — TAM, TPB, and perceived risk (PR) theory — to
construct a comprehensive research model. In this model,
users’ perceptions regarding the usefulness and ease of use
of smart clothing are considered essential drivers of their beha-
vioral tendencies, while attitudes, behavioral control, and PRs
reflect motivational and inhibitory factors in decision-making
processes. Furthermore, perceived cost (PC) is regarded as
a potential barrier to sustained use, whereas US captures
repeated usage behaviors. In addition, user technology literacy
(UTL) is incorporated as a moderating factor to examine its role
in influencing the relationship between PEOU and US. This
research not only quantifies the impact weights of key influen-
cing factors but also provides theoretical support and practical
guidance for product optimization, user experience enhance-
ment, and market promotion strategies of TCM therapeutic
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smart clothing, aiming to promote further development and
market penetration in this field.

2. Literature review and theoretical framework
2.1. TAM

TAM was first proposed by Davis in 1989 to study key factors
influencing user acceptance of information systems [9]. The
model emphasizes that perceived usefulness (PU) and PEOU
are important variables affecting user behavioral intentions,
while external variables such as system characteristics indir-
ectly influence UB through PU and PEOU (Figure 1). Since its
introduction, the TAM model has been widely applied and
extended (TAM2 [10] and TAMS3 [11]). Particularly in the field
of users’ continuous usage, Bhattacherjee’s research further
revealed the significant positive effect of PU on US and con-
tinued usage intention [12].

For the emerging field of TCM therapeutic smart clothing, the
TAM model has important applicability. First, the acceptance of
smart wearable devices often depends on users’ evaluation of
their functionality (perceived usefulness) and ease of use. In
the context of TCM therapeutic smart clothing, factors such as
whether the product effectively improves health management,
whether it is easy to operate, and whether it simplifies daily
health management tasks significantly influence users’ usage
intentions. Through the TAM model, we can clearly identify core
factors affecting user adoption of such products, providing the-
oretical support for product design and market promotion.

2.2. TPB

The TPB was proposed by Ajzen based on the theory of rea-
soned action (TRA) (Figure 2) [13]. By adding the variable of
perceived behavioral control (PBC), TPB breaks through the
interpretative limitations of the traditional TRA model regarding
attitude toward behavior (ATB) and subjective norms, aiming to
more comprehensively explain the formation process of user
behavioral intentions [14]. The TPB model suggests that indi-
vidual behavioral intentions are influenced not only by personal
attitudes and social norms but also by their perception of beha-
vioral control (such as abilities, resources, and barriers).

As a smart device that is highly dependent on personal health
management, TCM therapeutic smart clothing influences
users’ behavioral intentions not only through their attitudes
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Figure 1. TAM. Created by the author.
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Figure 2. TPB model. Created by the author.

toward the product (perceived usefulness and ease of use),
but also through ATB (e.g., positive or negative evaluations
from middle-aged and elderly users) and PBC (e.g., whether
they possess adequate health knowledge or technical skills).
Incorporating the TPB model helps us deeply understand
users’ behavioral motivations in health management scenarios,
especially how users weigh their attitudes, external expecta-
tions, and self-control perceptions when facing new technolo-
gical products, which in turn affects their usage decisions.

2.3. PR theory

PR was first proposed by Bauer in 1960, suggesting that UB
may lead to unpredictable personal losses and significantly
influence behavioral intentions [15,16]. Research in the market
field indicates that PR is more about subjective perception
rather than actual risk. In the field of smart devices, PR is a
key factor affecting consumers’ purchase decisions and usage
intentions, especially when involving sensitive issues such as
privacy and health.

In the context of TCM therapeutic smart clothing usage, Privacy
Risk, Functional Risk, and Legal Risk are important dimensions
affecting user perception. Users may worry about personal
health data leakage, device functionality not meeting expected
health management needs, or even question the product’s leg-
ality and safety. Therefore, PR theory provides us with a frame-
work to understand how to reduce these PRs and increase
product acceptance by analyzing how these risks affect users’
trust and usage intentions.

24.PC

PC refers to users’ subjective perception of combined eco-
nomic, time, learning, psychological, and social costs in the
consumption process. This concept is widely applied in con-
sumer behavior research, emphasizing the inhibitory effect of
resource input on UB. High economic costs, complex operating
interfaces, and lengthy learning cycles often reduce users’
behavioral intentions [17].

In the context of TCM therapeutic smart clothing, PC is parti-
cularly evident. High prices may cause users to question pro-
duct value; complex function settings (such as massage modes

or heat intensity) increase learning and time costs; users may
also experience psychological burden due to concerns about
technical failures or poor functionality [18,19]. Therefore, this
study introduces PC theory as a negative variable to explore its
role in weakening US and reducing behavioral intentions,
attempting to reveal the possibility of enhancing user experi-
ence and behavioral continuity by reducing PCs. At the same
time, the application of PC theory helps us analyze how to
improve user acceptance and usage intentions by simplifying
product functions, reducing prices, and the learning burden.

2.5. UTL

UTL refers to users’ capability and familiarity in technology use,
including cognitive ability, skill level, and adaptability [20].
Users with high technology literacy usually possess stronger
self-efficacy, enabling them to better handle technical opera-
tions and troubleshooting when facing new technology, thereby
increasing technology dependence and usage frequency.

For TCM therapeutic smart clothing, users’ technology literacy
directly affects their evaluation of the product ease of use and
subsequent usage intentions. Users with higher technology lit-
eracy may have higher tolerance for product functionality
adaptability and operating interface complexity, thereby enhan-
cing their usage stickiness. This article defines UTL as users’
demonstrated ability to master technical operations while using
TCM therapeutic smart clothing and incorporates this construct
into the model to investigate its moderating effect on key
variables.

3. Materials and methods

3.1. Research design

To ensure the scientific rigor and systematic execution of this
study, a multi-stage research design was adopted to guide the
entire research process. This structured approach encom-
passed four key stages: theoretical modeling, data collection,
data analysis, and results presentation. Each stage was closely
aligned with the study’s objectives to ensure the logical pro-
gression from theoretical development to empirical validation
and interpretation.
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3.1.1. Stage 1: Theoretical modeling

The research commenced with a comprehensive literature
review to establish the theoretical foundation. Drawing on the
TAM, the TPB, and PR theory, this phase aimed to integrate
relevant constructs and formulate hypotheses regarding user
acceptance and behavioral intentions toward TCM therapeutic
smart clothing. The outcome of this stage was a conceptual
research model with clearly defined paths awaiting empirical
testing.

3.1.2. Stage 2: Data collection

The second stage involved user-centered empirical investiga-
tion. Initially, user research was conducted to refine and con-
textualize scale items, ensuring their applicability to the study
domain. Based on these findings, a structured questionnaire
was developed incorporating established scales. The question-
naire was then distributed via online channels, resulting in the
collection of 567 valid responses. This robust dataset provided
the empirical basis for subsequent statistical analysis.

3.1.3. Stage 3: Data analysis

This stage consisted of a series of multivariate analysis techni-
ques to test the proposed model and hypotheses. Descriptive
statistics and cluster analysis were first employed to profile
respondent characteristics and identify potential group differ-
ences. Next, confirmatory factor analysis (CFA) was performed
to evaluate the measurement model, focusing on factor load-
ings, reliability (composite reliability, CR), and validity (average
variance extracted, AVE). Following the validation of the mea-
surement model, structural equation modeling (SEM) was
applied to test the hypothesized relationships among con-
structs. Additionally, moderation analysis, using hierarchical
regression and simple slope analysis, was conducted to
examine the moderating role of UTL.

3.1.4. Stage 4: Results presentation

In the final stage, the research findings were systematically
summarized and visualized. Path diagrams and moderation
effect plots were used to present the results intuitively.
Furthermore, the findings were interpreted in the context of
existing literature, highlighting both supported and unsupported
hypotheses. The overall research process is illustrated in
Figure 3 for clarity.

3.2. Research hypotheses

3.21. PU

PU is one of the important variables in studying user adoption
intention. According to the TAM model, the key to users’ will-
ingness to adopt new technology lies in whether they perceive
significant usage value [21]. Holden and Karsh further point out
that PU is a core factor affecting user technology adoption, as
users’ perception of technology’s value directly influences their
adoption intention [22]. Additionally, other studies have shown

that PU significantly impacts users’ acceptance of new tech-
nology, especially in the healthcare technology field, directly
affecting users’ acceptance level and usage frequency [23].
Thus, in smart health device applications, PU is an important
factor driving US. Based on this, we propose

H1: PU positively influences US.
3.2.2. PEOU

PEOU reflects the degree of difficulty users perceive when
learning or using new technology. The TAM model indicates
that PEOU not only affects users’ adoption behavior but also
indirectly promotes user intention by enhancing PU [24]. Spe-
cifically, if users find a technology easy to use, they are more
likely to perceive it as having higher usage value and thus more
likely to adopt it. In smart clothing applications, PEOU is parti-
cularly important as the operational convenience of this tech-
nology directly affects users’ acceptance and usage continuity.
If users experience low learning costs and high operational
convenience when using TCM therapeutic smart clothing,
they are more likely to believe the technology significantly ben-
efits their health, thereby enhancing their PU of the technology
and promoting US [25,26]. Based on this, we propose:

H2: PEOU positively influences PU.
H3: PEOU positively influences US.
3.23. ATB

ATB, derived from TPB theory, refers to users’ overall evalua-
tion of performing a behavior [13], typically influenced by both
behavioral beliefs (expectations of behavioral outcomes) and
outcome evaluations (perceived value of outcomes) [27]. In the
context of smart technology adoption, ATB influences PU by
affecting individuals’ perception of the technology’s value. For
example, if users have high comprehensive evaluations of TCM
therapeutic smart clothing in terms of functionality, comfort,
convenience, and price, they will consider the technology cap-
able of meeting their health needs and having higher usage
value, thus increasing their PU of the technology. Research
shows that ATB not only plays an important role in users’ tech-
nology adoption intention but also further influences their beha-
vioral decisions through PU. Based on this, we propose:

H4: ATB positively influences PU.
3.2.4. PBC

PBC is a key variable in the TPB model, reflecting users’ per-
ception of their resources, skills, and opportunities when
executing a behavior. According to TPB theory, PBC influences
users’ behavioral intentions and decisions. In this study, PBC is
defined as users’ confidence in their conditions (such as device
connection and usage environment) when using TCM thera-
peutic smart clothing [28]. Existing research shows that PBC
indirectly promotes the improvement of PU by enhancing users’
sense of control over technology [29]. Specifically, when users
perceive they can effectively operate the technology, they are
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Figure 3. Flowchart of the research process. Created by the author.

more likely to consider it having high usage value and practical
benefits. Based on this, we propose:

H5: PBC positively influences PU.
3.25. PR

PR reflects users’ perception of potential adverse consequences
when using new technology. In the smart clothing field, PR
mainly manifests in privacy, functional, and legal aspects. For
example, users may worry about health data leakage or func-
tional failures leading to adverse consequences. In this study,
PR is defined as users’ subjective perception of potential risks
associated with TCM therapeutic smart clothing [30]. PR may
lead to decreased user trust in the product, thereby affecting their
willingness to continue using it. Li et al. found that PR has a
significant negative impact on User Behavioral intentions and
loyalty [31,32]. Based on this, we propose:

H6: PR negatively influences US.
3.2.6. PC

PC refers to users’ comprehensive perception of economic,
time, learning, and psychological costs when using products
or services [33]. As a negative variable, PC reflects users’ sub-
jective perception of product investment costs, which may
inhibit user intentions and behavior [34]. In the context of
TCM therapeutic smart clothing usage, high device prices,
complex operational learning, and psychological burden may
inhibit users’ willingness to use and stickiness [35]. Higher PCs
usually reduce users’ continued usage intention, especially in
smart product and technology use [36,37]. Based on this, we
propose:

H7: PC negatively influences US.
H8: PC negatively influences ATB.
3.2.7.US

US reflects users’ willingness to continuously use a product or
service [38]. In the smart product field, US is typically related to
user loyalty to products; higher stickiness indicates stronger
user loyalty and higher behavioral frequency [39]. Particularly
in the context of TCM therapeutic smart clothing, US is consid-
ered an important driver of ultimate usage behavior [40]. Users
with high stickiness usually demonstrate strong purchase inten-
tion and long-term usage tendency, which is crucial for smart
product market promotion and user retention [41]. Based on
this, we propose:

H9: US positively influences UB.
3.2.8. UTL

UTL refers to users’ understanding, adaptation, and operational
capabilities regarding new technology [42]. In this study, this
variable is defined as users’ operational proficiency and adapt-
ability to TCM therapeutic smart clothing, manifesting as a
moderating effect on final usage behavior. Research shows
that higher technology literacy enables users to better under-
stand and operate new technology, thereby enhancing their
acceptance and willingness to use it. In particular, users’ tech-
nology literacy level may moderate the relationship between
PEOU and final usage behavior, as users with higher tech-
nology literacy may more positively perceive technology’s
ease of use and use the product more frequently [43]. Based
on this, we propose
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Figure 4. Theoretical model of UB for TCM therapeutic smart clothing. Created by the author.

H10: UTL positively moderates the influence of PEOU on UB.

3.3. Model construction

Based on the theoretical discussion and research hypotheses,
this study proposes the following model, as shown in Figure 4.
Built upon the variables from TAM and TPB, combined with PR
theory, this study constructs a comprehensive model for ana-
lyzing UB of TCM therapeutic smart clothing. Based on market
research of Chinese TCM therapeutic smart clothing, nine core
variables were extracted to explore their pathway relationships
with UB. These variables include PU, PEOU, ATB, PBC, PR,
PC, US, UTL, and ultimate UB.

In this model, US is viewed as a key variable directly affecting
ultimate UB, while stickiness itself is influenced by multiple fac-
tors. Specifically, PU, PEOU, ATB, and PBC all significantly
influence US, while PC and PR act as negative factors weak-
ening US. Additionally, PEOU indirectly affects UB through its
influence on PU. UTL is incorporated into the model to explore
its positive moderating effect on ultimate UB.

Through the logical relationship between the above variables,
this article constructs a UB model for TCM therapeutic smart
clothing, which provides a theoretical basis for in-depth
research on the path relationships and influence weights of
various factors on UB.

3.4. Questionnaire design

Questionnaire design is the core component of this study’s
empirical research, with its scientific rigor and rationality directly
affecting the accuracy and interpretability of SEM analysis [44].
Drawing on a comprehensive review of relevant scales related
to TCM therapeutic smart clothing research, and integrating the
theoretical framework and model pathways of this study, the
questionnaire was developed to include specific measurement
items for nine core variables. The final version contains 37
measurement items, as shown in Table 1.

This study employs a seven-point Likert scale to measure each
variable, with scores ranging from 1 to 7, where “1” represents
“strongly disagree” and “7” represents “strongly agree” [45].
The seven-point scale effectively captures respondents’ subtle

cognitive differences regarding each item and provides higher
measurement precision for subsequent quantitative analysis
[46]. Furthermore, to ensure the questionnaire’s applicability
and reliability, the measurement items underwent multiple revi-
sions during the design process to better align with the actual
application scenarios of TCM therapeutic smart clothing [47].

The variables and their measurement items closely correspond
to the model pathways, covering the following content:

* PU: Measures users’ value perception of TCM therapeutic
smart clothing in terms of health services and health level
improvement.

+ PEOU: Evaluates users’ subjective perception of operational
convenience, learning difficulty, and ease of technical mas-
tery during use.

» ATB: Reflects users’ overall evaluation of functionality, com-
fort, and credibility of combining technology with TCM ther-
apeutic smart clothing.

» PBC: Examines users’ subjective judgment of whether they
possess the resources, skills, and conditions to use the
product.

* PR: Focuses on users’ subjective awareness of privacy
leakage, functional failure, and legal risks.

» PC: Measures users’ expected resource investment in using
smart clothing, including economic costs (such as purchase
and maintenance fees) and time costs.

» US: Assesses users’ willingness to continuously use and loy-
alty to TCM therapeutic smart clothing.

« UTL: Measures users’ personal technological knowledge,
focusing on their ability and confidence in mastering
technology.

» UB: Reflects users’ actual usage frequency and behavioral
performance regarding TCM therapeutic smart clothing.

The questionnaire design strictly follows the theoretical model
and hypothetical pathways, ensuring high consistency between
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Table 1. Variables and measurement items

trustworthy

Latent variable Description of questionnaire item ID References
ATB | have a positive attitude towards using TCM therapeutic smart clothing ATB 1 [24,48]
| believe using TCM therapeutic smart clothing is beneficial for me ATB 2
| am optimistic about the future development prospects of TCM therapeutic ATB 3
smart clothing
Using TCM therapeutic smart clothing makes me feel pleasant and ATB 4
comfortable
PBC I have sufficient ability to use TCM therapeutic smart clothing PBC 1 [49-51]
I can use TCM therapeutic smart clothing independently without help from PBC 2
others
| can easily solve difficulties encountered while using TCM therapeutic smart PBC 3
clothing
| feel at ease and confident when using TCM therapeutic smart clothing PBC 4
I am confident | can use TCM therapeutic smart clothing well in any situation PBC 5
PU TCM therapeutic smart clothing is very helpful for my health management PU 1 [18,52,53]
Using TCM therapeutic smart clothing can improve my health management PU 2
effectiveness
TCM therapeutic smart clothing helps me better regulate my body condition PU 3
| find TCM therapeutic smart clothing very effective in daily use PU 3
PEOU The learning and usage process of TCM therapeutic smart clothing is very PEOU1 [21,54,55]
easy for me
| can easily get started when using TCM therapeutic smart clothing PEOU2
The operating interface of TCM therapeutic smart clothing is very convenient PEOU3
The usage method of TCM therapeutic smart clothing is intuitive and easy to PEOU4
understand
us | frequently use TCM therapeutic smart clothing and don’t plan to switch to us1 [35,56,57]
other therapeutic products
TCM therapeutic smart clothing is an indispensable device in my daily health us 2
management
If there are similar therapeutic devices, | would still prioritize TCM us 3
therapeutic smart clothing
I highly rely on TCM therapeutic smart clothing in health management us 4
I will continue using TCM therapeutic smart clothing long-term to maintain uUs 5
my health
PC | believe the time and effort invested in using TCM therapeutic smart clothing PC 1 [16,58,59]
is worthwhile
| think the price of TCM therapeutic smart clothing reflects its quality and PC 2
effectiveness
| consider purchasing TCM therapeutic smart clothing an investment in PC 3
health
| believe the investment in TCM therapeutic smart clothing has significantly PC 4
improved my health
PR | believe TCM therapeutic smart clothing is safe to use PR 1 [13,60-62]
| trust that TCM therapeutic smart clothing can protect my health data well PR 2
| feel the use of TCM therapeutic smart clothing is reliable PR 3
| believe the technology of TCM therapeutic smart clothing is mature and PR 4
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Table 1: Continued

Latent variable Description of questionnaire item ID References
UB | frequently use TCM therapeutic smart clothing for therapy UB 1 [63—-65]
| use TCM therapeutic smart clothing multiple times per week for health UB 2

management
Using TCM therapeutic smart clothing has become a regular behavior in my UB 3
daily health management
| still use TCM therapeutic smart clothing regularly even without external UB 4
requirements
UTL | am familiar with using smart therapeutic devices like TCM therapeutic UTL 1 [66—68]
smart clothing
| have a good understanding of how to operate TCM therapeutic smart UTL 2
clothing
| am confident in mastering various functions of TCM therapeutic smart UTL 3
clothing

measurement content and research objectives, providing a reli-
able data foundation for subsequent SEM construction and
verification.

4. Results

4.1. Scale descriptive statistics

A total of 580 questionnaires were distributed, and after
excluding incomplete and invalid responses, 567 valid samples
were obtained, resulting in an effective response rate of 97.7%.
This high rate reflects the scientific rigor of the questionnaire
design and the participants’ strong engagement.

As shown in Table 2, the gender distribution was nearly
balanced, with males accounting for 49.6% and females
50.4%, ensuring gender representation. The age distribution
indicated that respondents aged 60-69 formed the largest
group (31.4%), followed by those aged 50-59 (42.0%), high-
lighting the dominance of middle-aged and elderly users. In
terms of occupation, retirees represented the highest propor-
tion (38.4%), suggesting this group as a key target for TCM
therapeutic smart clothing.

Regarding educational background, respondents holding
bachelor's degrees constituted the largest proportion (39.5%),
followed by those with master’s degrees (30.2%), reflecting
relatively high levels of knowledge and information comprehen-
sion. Monthly income data revealed that 30.2% of the partici-
pants earned between 8,000 and 11,999 RMB and 28.4%
between 12,000 and 19,999 RMB, indicating a considerable
purchasing power among the respondents.

Health-related characteristics further revealed user ftraits.
About 36.7% of participants required daily health management,
while 34.2% exercised 1-2 times per week. Additionally, 37.9%
reported using health management products for 3-5h daily,

suggesting significant health needs and a high awareness of
health management behaviors.

In summary, the survey data show that the main participating
group was concentrated in the 60-69 age range, predominantly
retirees, with strong health needs, economic purchasing power,
and relatively high education levels. These characteristics pro-
vide clear direction for the market positioning of TCM thera-
peutic smart clothing, namely focusing on middle-aged and
elderly groups who are concerned with the quality of life and
health protection. By designing personalized functions and pri-
cing strategies targeting this group, there is potential to improve
product user acceptance and market share.

4.2. Analysis of influence factor means

To explore differences across demographic groups, cluster
analysis was conducted based on the means of nine latent
variables (ATB, PBC, PU, PEOU, US, PC, PR, UB, and UTL)
across different education levels and age groups. This method
is appropriate for identifying hierarchical patterns in the data.
The clustering results are illustrated in Figure 5.

The analysis revealed that groups with higher education levels
generally scored higher across all latent variables compared to
groups with lower education levels, particularly in PBC and US.
For instance, within the 50-59 age group, participants with
master’s degrees reported an average score of 4.8 for PBC,
whereas those with middle school education or below scored
only 3.3. A similar pattern was observed for US, with highly
educated individuals averaging 4.8 compared to 3.6 in the
lower education group. These findings suggest that higher edu-
cation levels may be associated with greater technology accep-
tance and economic capacity, which contribute to enhanced
attitudes and behaviors toward TCM therapeutic smart clothing.

A clear trend was also observed regarding age. Middle-aged
and elderly participants (50-69 years) scored significantly
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Table 2. Sample descriptive statistics

Category Attribute F % Category Attribute F %
Gender Male 281 49.6 Profession Healthcare 48 8.5
Female 286 50.4 Education and 54 9.5
Research
Age Under 18 7 1.2 Technical/ 45 7.9
professional
18-29 19 3.4 Sales and Marketing 31 5.5
30-39 31 5.5 Admin/management 35 6.2
40-49 51 9 Service industry 38 6.7
50-59 238 |42 Students 35 6.2
60-69 178 | 314 Retired 218 | 384
70 and above 43 7.6 Others 63 11.1
Education level Junior high or below 18 3.2 Health status Healthy 99 17.5
High school 29 5.1 General 182 32.1
Associate 73 12.9 Requires daily 208 36.7
management
Bachelor 224 39.5 Others 78 13.8
Master 171 30.2 Exercise habits Irregular exercise 78 13.8
Doctoral or above 52 9.2 Occasional exercise | 188 33.2
Monthly income Under 3,000 20 3.5 1-2 Times a week 194 34.2
level (RMB) 3,000-4,999 55 | 97 3 or More times | 107 | 18.9
a week
5,000-7,999 88 15.5 Frequency of using Less than 1 hour 87 15.3
electronic devices a day
8,000-11,999 171 30.2 1-3 h a day 179 | 31.6
12,000-19,999 161 28.4 3-5 h a day 215 | 379
20,000 or above 72 12.7 More than 5 h a day 86 15.2

Note: F = Frequency, % = Percentage.

higher on ATB and US than younger age groups. For example,
among participants with master’s degrees, those aged 60—69
averaged 5.6 on ATB, while the 30—39 age group scored only
4.7. These results indicate that older users, particularly those
with health management needs, exhibit more positive attitudes
and higher satisfaction with TCM therapeutic smart clothing.

Furthermore, the interaction between education level and age
group further highlighted that highly educated middle-aged and
elderly individuals demonstrated the strongest performance
across latent variables. They not only reported the highest
US and ATB but also perceived lower levels of risk. This sug-
gests that they are the core target user group for TCM thera-
peutic smart clothing. In contrast, elderly individuals with lower
education levels showed higher PR and lower US, under-
scoring the importance of targeted education and promotional
efforts to enhance trust and facilitate product adoption among
this segment.

4.3. Factor loading coefficients

CFA was conducted to evaluate the measurement model by
examining the factor loading coefficients between latent vari-
ables and their observed indicators (Table 3) [44]. All standar-
dized factor loadings exceeded the recommended threshold of
0.70, indicating satisfactory convergent validity and robust con-
struct representation.

4.3.1. Standardized factor loading coefficients

The standardized factor loadings ranged from 0.709 to 0.850.
UTL exhibited the highest loading (UTL1 = 0.850), suggesting
excellent measurement validity for this moderating construct.
PR and PC also demonstrated strong factor loadings, ranging
from 0.807 to 0.835 and from 0.784 to 0.850, respectively.
These results indicate that both constructs are well-repre-
sented by their observed indicators.
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Figure 5. ltem cluster diagram. Created by the author.

US, while slightly lower, still maintained satisfactory loadings  4.3.2. Critical ratios and significance

between 0.709 and 0.807. This suggests that the measurement

scale for US reliably captures the core characteristics of this  The significance of the factor loadings was confirmed through
construct. the critical ratios (C.R.). All C.R. values exceeded the threshold
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Table 3. Factor loading coefficients

Factor Item Unstd. Load. Std. Load. SE CR P
ATB ATB1 1 0.796
ATB2 0.938 0.761 0.051 18.224 b
ATB3 0.942 0.751 0.052 17.958 o
ATB4 0.993 0.773 0.054 18.514 b
PBC PBC1 1 0.775
PBC2 1.036 0.814 0.051 20.378 i
PBC3 1.006 0.805 0.050 20.120 o
PBC4 1.040 0.823 0.050 20.645 b
PBC5 0.989 0.823 0.048 20.639 o
PU PU1 1 0.752
PU2 1.041 0.776 0.060 17.272 o
PU3 1.031 0.752 0.061 16.783 b
PU4 1.018 0.754 0.060 16.828 b
PEOU PEOU1 1 0.811
PEOU2 0.982 0.764 0.052 18.941 i
PEOU3 1.038 0.789 0.053 19.669 o
PEOU4 1.005 0.780 0.052 19.400 b
us US1 1 0.807
us2 0.872 0.709 0.049 17.801 b
Us3 1.008 0.788 0.050 20.309 x
us4 0.993 0.794 0.048 20.499 wE
uss 0.965 0.797 0.047 20.601 o
PC PC1 1 0.784
PC2 1.069 0.820 0.052 20.568 o
PC3 1.050 0.831 0.050 20.884 o
PC4 1.090 0.850 0.051 21.385 o
PR PR1 1 0.830
PR2 0.979 0.821 0.044 22.169 i
PR3 0.988 0.835 0.044 22.671 x
PR4 0.968 0.807 0.045 21.681 o
uB UB1 1 0.752
uB2 1.009 0.791 0.056 18.131 b
UB3 1.047 0.791 0.058 18.151 o
uB4 1.032 0.809 0.056 18.526 b
UTL uTL1 1 0.850
uTL2 1.028 0.847 0.048 21.218 wE
UTL3 0.950 0.766 0.049 19.551 i

of 1.96, ranging from 16.783 to 22.671, and all corresponding  significance for all observed indicators, further validating the
p-values were less than 0.001. This indicates strong statistical ~ appropriateness of the measurement model.
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4.3.3. Specific performance of latent variables

Further examination of individual latent variables showed con-
sistent and meaningful results. PBC and ATB had factor load-
ings between 0.775-0.823 and 0.751-0.796, respectively,
demonstrating high internal consistency. For PEOU and PU,
the loadings ranged between 0.764-0.811 and 0.752-0.776,
with PEOU1 contributing particularly strongly. UTL and PR
also maintained relatively high and concentrated loading
ranges, reinforcing the reliability of their measurement.

In conclusion, the CFA results indicate that factor loading
coefficients for all latent variables were significant and met the-
oretical expectations, with standardized factor loading values
falling within statistical requirements and critical ratio signifi-
cance supporting the measurement model’s validity. The factor
loading results further verify the structural validity robustness of
the measurement tool, laying a solid foundation for subsequent
SEM analysis.

4.4. Reliability analysis

To assess the internal consistency and reliability of the
measurement model, Cronbach’s alpha coefficients and CR
were calculated for each latent variable (Table 4). The results
demonstrated that all latent variables met the accepted relia-
bility standards, with both Cronbach’s alpha and CR values
exceeding the recommended threshold of 0.70, indicating
strong reliability of the measurement instruments.

4.4.1. Reliability analysis details

Cronbach’s alpha coefficient reflects the internal consistency of
observed variables in the scale, calculated by the following
formula:

_ N-t
Tv+(N-1)-¢c’

where N represents the number of observed variables (items),

T represents the average covariance between all items, and v
represents the average variance of items. The data show that

Table 4. Reliability analysis

Latent variable Alpha CR Item count

ATB 0.853 0.854 4

PBC 0.904 0.904 5

PU 0.844 0.844 4
PEOU 0.866 0.866 4

us 0.885 0.886 5

PC 0.892 0.893 4

PR 0.894 0.894 4

uB 0.865 0.866 4

uTL 0.860 0.862 3

alpha values for all latent variables exceeded 0.8, with PBC and
PR having the highest alpha values at 0.904 and 0.894, respec-
tively, indicating the strongest internal consistency for these
constructs. While PU had an alpha value of 0.844, though rela-
tively lower, it still remained at a high level, sufficiently demon-
strating good correlation among its observed variables.
Additionally, UTL as a moderating variable had an alpha value
of 0.860, meeting reliability standards and proving reliable mea-
surement of the moderating variable.

44.2.CR

CR provides further verification of the overall measurement
model reliability for latent variables, calculated by the following
formula:

Y
R = one+ 36

where A; represents the standardized factor loading of
observed variables corresponding to latent variables and
6, = 1 - A? represents measurement error of observed vari-
ables. Results showed that all latent variables had CR values
exceeding 0.8, further supporting the stability of the scales.
Specifically, PBC and US recorded CR values of 0.904 and
0.886, respectively, which were highly consistent with their
Cronbach’s alpha values, confirming strong relationships
between latent variables and their indicators. Similarly, ATB
and PEOU demonstrated CR values of 0.854 and 0.866,
respectively, reinforcing the internal consistency and measure-
ment stability of these constructs.

Notably, UTL achieved a CR value of 0.862, closely aligned
with its Cronbach’s alpha result. This further validates the
scale’s ability to stably capture the characteristics of this mod-
erating variable, despite having only three measurement items.

In conclusion, reliability analysis results fully demonstrate that
the scale used in this study performed excellently in both
internal consistency (Cronbach’s alpha) and structural relia-
bility (CR). This not only verifies the scientific nature of the scale
design but also indicates significant theoretical fit and statistical
significance between latent variables and their observed vari-
ables. Particularly, the high reliability of PBC and PR reflects
important characteristics in User Behavioral control and risk
perception, while the reliability of moderating variable UTL
further supports its key role in the moderating model. These
results validate the theoretical feasibility and practical value of
the research model in UB analysis.

4.5. Validity analysis

To assess the measurement validity of the scale, both conver-
gent validity and discriminant validity were examined.
Convergent validity evaluates the extent to which latent vari-
ables explain their observed indicators, while discriminant
validity tests whether latent variables are empirically distinct
from each other. These assessments were conducted using
AVE and correlation analysis according to the Fornell-Larcker
criterion (Table 5).
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Table 5. Analysis of convergent validity and discriminant validity

Latent variable ATB PBC PU PEOU us PC PR uB UTL
ATB 0.594
PBC 0.065 0.653
PU 0.445 0.121 0.575
PEOU 0.349 0.160 0.317 0.618
us 0.429 0.087 0.437 0.440 0.608
PC -0.137 0.122 -0.007 0.061 -0.055 0.675
PR -0.013 0.191 -0.043 -0.02 -0.228 0.174 0.678
uB 0.250 0.237 0.353 0.366 0.348 0.108 0.047 0.618
uTL 0.360 0.051 0.291 0.317 0.232 -0.058 0.013 0.221 0.676
JAVE 0.770 1.461 0.759 0.786 0.780 1.497 0.823 0.786 1.498

Note: The data in the lower left corner represent the correlation coefficients, while the data along the diagonal represent the AVE.

4.5.1. Convergent validity

AVE values were calculated for each latent variable to assess
convergent validity. According to established standards, AVE
values exceeding 0.50 indicate that the construct explains more
than half of the variance in its indicators, supporting adequate
convergent validity.

The results showed that all latent variables had AVE values above
0.50, confirming strong convergent validity. PBC (0.653) and UTL
(0.676) demonstrated particularly high AVE values. Although ATB
(0.594) and PU (0.575) recorded slightly lower AVE values, they
still met the acceptable threshold, indicating that all constructs
reliably reflect their underlying latent variables.

4.5.2. Discriminant validity

Discriminant validity was assessed using the Fornell-Larcker
criterion, which requires that the square root of each construct’s
AVE exceeds its correlations with other constructs.

Analysis results supported adequate discriminant validity. For
instance, the square root of US’s AVE was 0.780, higher than
its correlations with other constructs (e.g., 0.437 with PU).
Similarly, UTL had an AVE square root of 1.498, far exceeding
its highest correlation (0.360 with ATB), indicating a clear dis-
tinction from other constructs.

Overall, low to moderate correlations among latent variables
further confirmed their empirical distinctiveness. For example,
PR demonstrated relatively low correlations with other vari-
ables, ranging from -0.228 to 0.191, which reinforces the inde-
pendence of constructs within the measurement model.

In conclusion, this study’s measurement model performed well
in both convergent and discriminant validity. All latent variables’
AVE values exceeded 0.5, indicating strong explanatory power of
the scale for observed variables of latent variables, verifying the
scale’s convergent validity. Meanwhile, latent variables’ AVE square
roots exceeded their correlation coefficients with other latent
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variables, supporting discriminating capability between latent vari-
ables, fully demonstrating the scale’s discriminant validity.

This validity analysis not only laid a reliable foundation for sub-
sequent SEM analysis but also provided important theoretical
support, validating the scientific nature and practicality of the
US model for TCM therapeutic smart clothing. Particularly, the
high validity of UTL and PBC further verified their key roles in
intelligent medical device adoption. These findings provide new
data support for academic and practical fields of TCM thera-
peutic smart clothing, emphasizing the importance of opti-
mizing technology acceptance and sense of behavioral control
to enhance smart clothing adoption.

4.6. Moderating effect analysis

To further investigate the relationships among PEOU, UTL, and
UB, a hierarchical regression analysis was conducted based on

Table 6. Moderating effect analysis results

Variable Dependent variable: UB
Model 1 Model 2 Model 3
(Constant) 4.477 4.477 4.450
(108.460) (109.159) (106.440)
PEOU 0.346 0.311 0.303
(7.927) (6.891) (6.745)
UTL 0.86 0.80
(2.811) (2.716)
PEOUUTL 0.74 (2.91)
R? 0.1 0.113 0.126
Adjusted R? 0.099 0.11 0.122
F F=62.845 | F=35.979, | F=27.126,
p = 0.000 p =0.000 p = 0.000

Note: p < 0.05, p < 0.01; the values in parentheses represent the t-values.
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the TAM. By gradually introducing the moderating variable
(UTL) and the interaction term (PEOU x UTL), the incremental
explanatory power and significance of the moderation effect
were systematically examined. The results are summarized in
Table 6.

4.6.1. Overall explanatory power of moderation models

From the R? and adjusted R? values, it can be seen that the
model’s explanatory power gradually increased after introdu-
cing the moderating variable (UTL) and interaction term
(PEOU x UTL):

« Model 1 (PEOU only): Adjusted R? = 0.099, explanatory
power of 10%.

+ Model 2 (PEOU + UTL): Adjusted R? = 0.110, explanatory
power increased to 11.3%.

+ Model 3 (PEOU + UTL + PEOU x UTL): Adjusted R? =0.122,
explanatory power further increased to 12.6%.

F-values for all three models were significant (p < 0.001), indi-
cating statistical significance of the overall moderation model.
This shows that as model complexity increased, the explana-
tory power for UB also gradually improved, validating the the-
oretical value of moderating variables and interaction effects.

4.6.2. Main effect analysis of core variables

PEOU has a significant influence on User

Stickiness (UB):

positive

* In Model 1, PEOU’s regression coefficient was 0.346 (f =
7.927, p < 0.01), indicating its significant independent effect
on UB.

¢ In Models 2 and 3, with the introduction of other variables,
PEOU'’s effect slightly decreased (Model 3: B = 0.303, t =
6.745, p < 0.01) but maintained significance, verifying the
key role of PEOU in UB.

4.6.3. Main effect of moderating variable (UTL)

UTL showed significant positive effects on UB in both Models 2
and 3:

* In Model 2, UTL’s regression coefficient was 0.86 (t = 2.811,
p < 0.01).

* In Model 3, the coefficient slightly decreased to 0.80 (f =
2.716, p < 0.01) after adding the interaction term, but
remained statistically significant. This indicates that although
the independent effect of UTL weakened after introducing the
interaction term (PEOU x UTL), it still maintained an impor-
tant role in explaining UB as a key variable.

4.6.4. Interaction effect analysis

The interaction term (PEOU x UTL) demonstrated a significant
moderating effect in Model 3, with a regression coefficient of
0.74 (t=2.91, p < 0.01).

This indicates that UTL significantly moderates the relationship
between PEOU and UB. As UTL levels increase, the positive
effect of PEOU on UB strengthens, verifying the existence of
the moderating effect.

To better illustrate the moderating effect of UTL on the relation-
ship between PEOU and UB, simple slope analysis was con-
ducted, and the results are presented in Figure 6.
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Figure 6. Simple slope graph. Created by the author.
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Figure 7. Model results diagram. Created by the author.

The plot reveals that

When UTL is low (-1.44), the slope of the relationship
between PEOU and UB is relatively small, indicating a
weak influence of PEOU.

When UTL is at an average level (0), the slope becomes
moderate, suggesting a stronger effect of PEOU on UB.

When UTL is high (+1.44), the slope is the steepest, demon-
strating that PEOU has the most pronounced positive impact
on UB for users with higher technology literacy.

These results indicate that the positive influence of PEOU on
UB becomes significantly stronger as UTL increases.
Specifically, for individuals with higher levels of technology lit-
eracy, ease-of-use features are more readily accepted and
translated into continuous usage behavior. In contrast, among
users with lower technology literacy, improvements in ease of
use alone may be insufficient to substantially enhance US.

In conclusion, this study verified the significant effects of
PEOU, UTL, and their interaction term on UB, further sup-
porting the core hypothesis H10. Research shows that enhan-
cing user technology familiarity can significantly strengthen the
positive effect of PEOU on UB, particularly notable among
users with high technology familiarity. This finding not only pro-
vides theoretical support for optimizing the UB model of TCM
therapeutic smart clothing but also offers important insights for
product promotion practices — through user education, opera-
tion simplification, and lowering technical barriers, user
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acceptance and continued usage intention can be effectively
enhanced, promoting further development of the TCM thera-
peutic smart clothing industry.

4.7. Model analysis

To comprehensively explore the theoretical construction and
practical significance of the UB model for TCM therapeutic
smart clothing, this study conducted empirical testing of
hypothesized paths based on SEM. Through comprehensive
analysis of model fit indices, path coefficients, significance
levels, and confidence intervals, the relationships between
PU, PEOU, ATB, PBC, PR, PC, US, UTL, and UB were verified
(Figure 7).

4.7.1. Model fit testing

Multiple fit indices were used to assess the overall model fit,
including chi-square/degrees of freedom ratio (ledf), compara-
tive fitindex (CFI), Tucker—Lewis index (TLI), root mean square
error of approximation (RMSEA), and standardized root mean
square residual (SRMR).

The analysis yielded the following fit indices:

X2/df = 2.311 (acceptable threshold: <3),

CFI1 = 0.926 (acceptable threshold: >0.90),

TLI = 0.913 (acceptable threshold: >0.90),
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Table 7. Key fit indices and suggested values

Index CMIN DF CMIN/DF RMSEA TFI NFI IFI CFI
Ideal value — — <3 <0.08 >0.9 >0.9 >0.9 >0.9
Standard value — — <5 <0.10 >0.8 >0.8 >0.8 >0.8
Fit value 839.008 518 1.620 0.033 0.966 0.922 0.969 0.969

RMSEA = 0.048 (acceptable threshold: <0.08),
SRMR = 0.041 (acceptable threshold: <0.08).

All indices met or exceeded the recommended thresholds, indi-
cating that the proposed structural model achieved an accep-
table to good overall fit. These results suggest that the model
adequately captures the relationships among latent variables
and is statistically robust (Table 7).

4.7.2. Path coefficient analysis

Through SEM path coefficient analysis of the US model hypoth-
eses, hypothesis relationships were verified through path coef-
ficients, significance levels, and confidence intervals (Table 8).
Path establishment criteria were path coefficient >0.3, signifi-
cance P < 0.05, and confidence interval not crossing O (i.e., not
having both positive and negative values). Hypotheses H1, H2,
H3, H4, H6, H8, and H9 received significant support, while H5
and H7 were not fully established. Research results indicate
that ATB, PU, PEOU, and US play key roles in UB; PR signifi-
cantly negatively affects US, but PC’s direct effect on US is not
significant. Additionally, PBC’s effect on PU is not significant.
Overall, this study verified the reasonableness of the UB model
for TCM therapeutic smart clothing, providing theoretical sup-
port for improving UB.

5. Discussion
This study empirically explored the influencing factors shaping

UB in the context of TCM therapeutic smart clothing. By exam-
ining multiple hypothesized relationships, we confirmed the

Table 8. Path relationship coefficient

significant roles of constructs such as PEOU, PU, US, PC,
and UTL. However, some hypothesized paths, including the
relationship between PBC and PU, as well as PC and US, did
not reach significance. These findings provide valuable insights
and merit further discussion.

5.1. Discussion of factor relationships

5.1.1. Discussion of positive factor relationships

This study verified the positive influence of PU and PEOU on
US, thereby further supporting the core hypotheses of the TAM.
These findings demonstrate that enhancing users’ PU and
PEOU of TCM therapeutic smart clothing products can directly
increase their intention for continued use. For instance, Luo
et al. reported that, within the context of smart healthcare ser-
vices, users’ perceptions of usefulness significantly influenced
their intention to continue using these services, highlighting the
critical role of PU in driving user engagement and satisfaction
[69]. This pattern is particularly evident in TCM therapeutic
smart clothing, where users place great value on actual health
benefits. Such findings reveal a key insight: for healthcare-
related smart products, PU is not merely a functional assess-
ment but reflects users’ trust in health outcomes. Therefore, PU
plays a dual role — both cognitive and emotional — making it a
decisive factor in promoting continuous usage in health-
focused scenarios.

Moreover, this study also confirms that in the context of smart
clothing, PEOU not only directly enhances US but also indir-
ectly promotes UB through its positive impact on PU. For TCM
therapeutic smart clothing, improved PEOU enables users to

Path relationship Estimate SE C.R.(?) P Lower CI Upper CI
ATB — PC -0.136 0.028 -2.822 0.005 -0.19088 -0.08112
PU — ATB 0.405 0.041 8.079 o 0.32464 0.48536
PU — PEOU 0.19 0.048 4.084 i 0.09592 0.28408
PU — PBC 0.079 0.032 1.773 0.076 0.01628 0.14172
us — PU 0.35 0.049 7.515 o 0.25396 0.44604
us — PR -0.202 0.027 -4.855 o -0.25492 -0.14908
us — PC -0.035 0.021 -0.857 0.392 -0.07616 0.00616
us — PEOU 0.341 0.049 7.567 o 0.24496 0.43704
uB — us 0.359 0.049 7.369 o 0.26296 0.45504

Note: ***p < 0.001.
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more quickly understand and master product functions, redu-
cing technology fear and adaptation costs, which is crucial for
enhancing market competitiveness. Particularly as health man-
agement increasingly becomes a consumer focus, easy-to-use
intelligent wearable devices can greatly lower user barriers,
thus accelerating product promotion and popularization.
Therefore, PEOU plays a bridge-like role in transforming tech-
nical accessibility into perceived product benefits. This
mechanism underscores the importance of optimizing interface
design and enhancing usability to accelerate product accep-
tance and market penetration.

Although PBC has been considered an important determinant
of technology acceptance in numerous studies, this research
revealed that PBC did not significantly influence PU (H5). This
result may stem from the uniqueness of the TCM therapeutic
smart clothing field. Compared to traditional technology pro-
ducts, smart clothing operation emphasizes functionality and
health effects rather than merely relying on perceived control
of technical operations. This suggests that in the context of
TCM therapeutic smart clothing use, users’ focus on device
functionality and health effects may be more important than
perceived operational control. Future research should continue
exploring such domain-specific modifications to better capture
user decision-making logics in health-focused scenarios.

UTL as a moderating variable also showed a significant positive
influence in this study. Research shows that UTL significantly
enhances the effect of PEOU on UB. These results indicate that
users with high technology literacy are more likely to accept and
continue using the product when they perceive TCM thera-
peutic smart clothing as easy to operate. This aligns with
Astuti et al.’s research, which indicates that digital literacy
serves as a critical moderating variable, significantly enhancing
the impact of technology’s perceived usability on user accep-
tance, particularly in contexts where high usability reduces bar-
riers to adoption and fosters stronger behavioral intentions [70].
Additionally, related research shows that technology literacy
not only affects users’ learning costs but also enhances their
confidence, thereby increasing acceptance of intelligent
products [71]. These findings have important implications for
promoting TCM therapeutic smart clothing. Particularly in the
current context of intelligent hardware popularization, product
technology content and complexity may become major barriers
for middle-aged and elderly groups. Therefore, strengthening
education and training to improve technology literacy for user
groups with different technology literacy levels, especially
middle-aged and elderly groups, may be an effective strategy
for enhancing US and long-term usage intention. Through this
approach, not only can usage barriers be lowered, but user
confidence and experience can also be enhanced, thereby pro-
moting widespread application of smart clothing products.

5.1.2. Discussion of negative factor relationships

This study further confirmed that PR has a significant negative
effect on US, indicating that users’ concerns regarding privacy,
data security, and product reliability substantially reduce their
continued usage intentions. This result is consistent with pre-
vious research. For instance, Tran’s study demonstrated that
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PR profoundly affects user satisfaction and purchase intentions
in online and intelligent product contexts [72]. Similarly, in the
domain of TCM therapeutic smart clothing, users’ apprehen-
sions about health data leakage and device malfunctions
emerged as key factors diminishing product satisfaction.
Such findings reveal that in smart health products, PR is not
just about financial or performance concerns, but more about
trust and perceived vulnerability. The fear of private health
information exposure directly undermines users’ emotional
comfort, which in turn weakens their long-term attachment to
the product. This highlights the central role of psychological
security in promoting continued use in health-focused smart
devices. Therefore, manufacturers should prioritize enhancing
privacy protection and data security mechanisms. Through
adopting encrypted storage, transparent data usage policies,
and clear communication with users, it is possible to alleviate
risk perceptions and improve user trust. Furthermore, building a
comprehensive after-sales service system, such as offering
free maintenance or extended warranties, can also help reduce
users’ risk-related anxieties and enhance their satisfaction and
stickiness. While PR exerted a significant negative influence on
US, the anticipated negative impact of PC on ATB was not
supported by the empirical data. This unexpected result sug-
gests that, within the specific context of TCM therapeutic smart
clothing, financial and learning-related costs may not serve as
decisive barriers to forming positive user attitudes. Although
such products are relatively expensive and may initially require
users to invest time and effort in learning, these factors do not
appear to significantly hinder attitude formation. A plausible
explanation lies in the distinctive motivations of health-oriented
consumers. For users with urgent health management needs,
perceived benefits — particularly those related to tangible health
outcomes — may outweigh cost considerations. In such cases,
product efficacy and functional value are likely to dominate
cognitive evaluations, minimizing the relevance of price and
learning-related concerns. This interpretation is consistent
with previous findings in other domains. For instance, Rama-
nathan and Sonia, in the context of pharmaceutical retailing,
found that customer-centric service and effective product man-
agement could mitigate the negative effects of PC on user
satisfaction. These findings collectively suggest that in health-
related product markets, users’ strong functional dependence
on product benefits may neutralize cost-related apprehensions,
thereby reducing the adverse influence of PC on US [73].

In addition, PC did not exhibit a significant negative relationship
with US, further challenging our initial hypothesis. Although the
relatively high price and learning effort associated with TCM
therapeutic smart clothing were expected to discourage
repeated use, our findings indicate otherwise. For specific
user segments, particularly those driven by pronounced health
needs, cost-related concerns appear secondary to the per-
ceived value and health-enhancing capabilities of the product.
In this regard, product uniqueness and the promise of health-
related benefits seem to play an overriding role in encouraging
sustained usage. This pattern aligns with Ramanathan et al.’s
research in health management, which suggested that strong
user dependency on a product’s health benefits can attenuate
concerns over financial and cognitive costs. Therefore, it can
be inferred that in the realm of intelligent healthcare products,
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user decisions regarding continued use are more likely to be
shaped by perceived functional value and health impact rather
than cost considerations. This insight carries important implica-
tions for product development and marketing, underscoring the
need to focus on enhancing and communicating product value
to cultivate long-term user commitment.

5.2. Practical and management recommendations

Building on the above findings, this study proposes several
practical and managerial recommendations aimed at enhan-
cing the design, promotion, and user experience of TCM ther-
apeutic smart clothing. These suggestions are grounded in the
observed relationships among key variables, particularly the
influence of PU, PEOU, UTL, and PR on US and UB.

First, given the significant positive impact of PU on US, it is
critical that manufacturers emphasize product functionality
and health benefits. The findings indicate that users’ sustained
usage intentions are largely driven by their perception of tan-
gible health management outcomes. Therefore, in the design
and marketing of TCM therapeutic smart clothing, companies
should highlight the product’s health value proposition. This
includes clearly communicating how the product contributes
to alleviating health issues and improving quality of life.
Additionally, enhancing product personalization and operability
can further strengthen PU by enabling users to tailor the pro-
duct to their individual health needs.

Second, PEOU plays a central role, both directly and indirectly,
in influencing US and UB. This underscores the importance of
user-centered design principles. Manufacturers should priori-
tize simplifying product operation, optimizing interface usability,
and minimizing the learning curve to lower technological bar-
riers. Furthermore, this study identified UTL as a significant
moderator, indicating that users with higher technology literacy
levels derive greater benefits from ease-of-use features.
Accordingly, companies should develop targeted educational
programs and detailed operational guides to assist lower-lit-
eracy users in mastering the product. These initiatives are
especially vital for middle-aged and elderly users, who may
face greater challenges in adopting new technologies.

Third, ATB was found to exert a positive effect on PU. This
suggests that fostering favorable user attitudes can indirectly
enhance perceptions of product value. To cultivate positive
attitudes, enterprises should invest in brand building and con-
sumer education. Demonstrating the actual health benefits of
TCM therapeutic smart clothing through marketing campaigns,
testimonials, and health-related content can effectively
increase user recognition and trust. Furthermore, offering
engaging promotional activities and informative resources,
such as online health lectures or product demonstration videos,
may further reinforce positive attitudes and drive product
adoption.

Fourth, given the significant negative effect of PR on US, redu-
cing users’ risk perceptions is essential for improving continued
usage intentions. The findings highlight privacy and security
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concerns as major barriers to user commitment. To address
this issue, manufacturers should implement robust privacy
protection measures, including encrypted data storage and
transparent data usage policies. In addition, providing compre-
hensive after-sales services, such as warranty extensions and
responsive customer support, can enhance users’ sense of
security and trust, thereby mitigating the negative impact of PR.

Finally, from a broader market perspective, targeted marketing
and differentiated service strategies are essential. TCM thera-
peutic smart clothing should focus on health-conscious con-
sumer segments, particularly middle-aged and elderly groups
with pronounced health management needs. Customized func-
tions and personalized services tailored to these user seg-
ments can enhance product relevance and user satisfaction.
Furthermore, by reducing perceived technical barriers and
improving user-friendliness, companies can attract and retain
users with lower technology literacy levels, thereby expanding
market reach and promoting industry growth.

In summary, these practical recommendations are closely
aligned with the empirical findings and offer actionable strate-
gies for improving product design, marketing, and user engage-
ment. By addressing the core drivers of UB — such as PU, ease
of use, user literacy, and PR — manufacturers can more effec-
tively meet user needs, enhance US, and accelerate the wide-
spread adoption of TCM therapeutic smart clothing in the health
management market.

5.3. Theoretical and practical significance

This study offers important theoretical and practical implica-
tions for understanding UB related to TCM therapeutic smart
clothing, particularly within the context of intelligent health pro-
ducts. Based on the comprehensive analysis of positive and
negative influencing factors, several key contributions can be
identified.

From a theoretical perspective, this research extends and inte-
grates the TAM, the TPB, and PR Theory to construct a more
contextually relevant UB model for TCM therapeutic smart
clothing. The empirical findings validate the pivotal roles of
PU and PEOU, thereby reinforcing TAM’s explanatory power
in intelligent product acceptance. Notably, the results also
reveal that ATB significantly impacts PU, thus offering further
empirical support for TPB in the domain of intelligent healthcare
products. These findings suggest that classical acceptance the-
ories, while robust, must be contextually adapted when applied
to health-oriented intelligent products. In particular, health man-
agement scenarios emphasize outcome expectations and
functional value, which may alter the traditional pathways of
influence observed in other technology domains. Therefore,
this study not only verifies but also refines and enriches the
application of established theoretical frameworks within the
smart healthcare context.

Furthermore, the significant negative influence of PR highlights
its critical role as an inhibitory factor in user decision-making.
By incorporating PR as an essential element of the UB model,
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this research introduces a valuable negative dimension to sup-
plement traditional acceptance models, which often emphasize
facilitating factors. This contribution underscores the necessity
for future research to give balanced attention to both enablers
and barriers in technology adoption models, particularly in con-
texts involving sensitive health-related information and per-
sonal privacy concerns. The findings thus offer a more holistic
perspective for understanding user acceptance mechanisms in
the intelligent health product sector.

From a practical standpoint, the study’s conclusions provide
concrete guidance for product design, market promotion, and
user experience enhancement. Specifically, the results empha-
size the importance of highlighting health management func-
tions and improving ease of use to strengthen PU and US. This
suggests that manufacturers should prioritize user-centered
design, incorporating intuitive interfaces and simplifying pro-
duct operations to reduce technological barriers.

Additionally, the moderating role of UTL highlights the need for
differentiated strategies targeting various user segments. For
users with lower technology literacy — especially middle-aged
and elderly consumers — comprehensive user education,
operational guidance, and simplified product features are
essential for improving acceptance and sustained usage. This
insight emphasizes that smart health product strategies must
go beyond generic solutions, instead adopting tailored
approaches to meet the diverse capabilities and expectations
of different user groups.

Reducing PR also emerges as a key managerial priority. By
enhancing data security, privacy protection, and after-sales
service, companies can effectively alleviate user concerns
and build trust, which is essential for fostering long-term user
relationships and encouraging continued use. Furthermore, the
demonstrated insignificance of PC suggests that companies
should focus on emphasizing product value and health-related
benefits in marketing efforts, as users appear more motivated
by tangible outcomes than by price considerations.

In conclusion, this study makes significant contributions at both
theoretical and practical levels. Theoretically, it proposes and
validates a refined UB model that integrates traditional accep-
tance frameworks with new dimensions tailored for intelligent
health products. Practically, it offers actionable insights for
enhancing product design, marketing strategies, and user
engagement, ultimately supporting the broader adoption and
sustainable development of TCM therapeutic smart clothing.
Together, these contributions not only advance academic
understanding but also provide valuable references for industry
stakeholders aiming to promote innovative health-oriented
smart clothing solutions.

6. Conclusion

This study makes important theoretical and practical contribu-
tions to understanding UB in TCM therapeutic smart clothing.
Moving beyond prior research that mainly focused on purchase
intentions, this research highlights US and long-term usage
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behavior as critical determinants of market success. The find-
ings indicate that users prioritize functional benefits and health
outcomes, suggesting that practical efficacy and ease of use
are more influential than controllability or cost concerns. This
insight reshapes existing assumptions based on classical
models like TAM and TPB, emphasizing the need to recalibrate
theoretical frameworks when applied to healthcare-oriented
smart products. Furthermore, the identified moderating role of
UTL suggests differentiated marketing and design strategies
targeting various user groups. Practically, these results offer
valuable guidance for designers and marketers seeking to
enhance user retention and engagement through improving
PU and ease of use while mitigating PRs. Nonetheless, several
limitations should be acknowledged. First, the research model
mainly focused on product-related attributes and did not incor-
porate external factors such as social influence, which may also
affect UB. Second, although subjective user data were col-
lected through surveys and interviews, objective behavioral
data were not included. Third, as the smart clothing market in
China is still at an early stage of development, the findings may
not fully reflect future technological advancements and user
expectations. Future studies are encouraged to address these
issues by incorporating external variables, adopting more
diverse data collection methods, and exploring smart clothing
products with advanced functions.
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