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Abstract

[Purpose/Significance] The problem of low user retention rates for digital health
APPs has long been a persistent challenge. This study aims to identify the
perceived value factors influencing users’ continuous adoption of digital health
APPs and their influence mechanisms, providing insights for future improve-
ments of digital health APPs.

[Method/Process] From the perspective of perceived value, employing research
methods of content analysis and fuzzy-set Qualitative Comparative Analysis
(fsQCA), this study induces factors influencing continuous adoption from users’
negative reviews of digital health APPs, and explores the configurations leading
to users’ continuous adoption of digital health APPs based on the identified
influencing factors.

[Results/Conclusion] The study found that system value, update value, environ-
ment value, consultation value, transaction value, and security value are influenc-
ing factors affecting users’ continuous adoption of digital health APPs; through
fsQCA3.0, a total of three effective configurations leading to users’ continu-
ous adoption were generated, namely CAl: high update valuehigh transaction
valuehigh security valuehigh consultation value; CA2: high update valuehigh
transaction valuehigh security valuehigh environment valuehigh system value;
CB: low system wvaluehigh update valuehigh security valuehigh consultation
value*high environment value. Finally, the authors analyze the influencing
factors and configurations, providing practical implications for the future de-
velopment of digital health APPs.

chinarxiv.org/items/chinaxiv-202304.00489 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00489
https://chinarxiv.org/items/chinaxiv-202304.00489

ChinaRxiv [$X]

Full Text

Preamble

Research on Influencing Factors and Paths of Users’ Continuous
Adoption Intention of Digital Health Apps from the Perspective of
Perceived Value: Based on the fsQCA Method

Wu Dawei!, Hu Xiaofei', Zhao Yuxiang?, Ai Wenhua?

1School of Management, Nanchang University, Nanchang 330031

2School of Economics and Management, Nanjing University of Science and Tech-
nology, Nanjing 210094

3School of Information Management, Nanjing University, Nanjing 210023

Abstract: [Purpose/Significance] The problem of low user retention rates for
digital health apps has been difficult to resolve. This study aims to identify
the perceived value factors that influence users’ continuous adoption of digi-
tal health apps and their impact pathways, providing references for future im-
provements to digital health apps. [Method/Process] From the perspective of
perceived value, this study employed content analysis and fuzzy-set qualitative
comparative analysis methods to summarize continuous adoption factors from
users’ negative comments about digital health apps, and explored the configu-
rations leading to users’ continuous adoption based on these identified factors.
[Result/Conclusion] The study found that system value, update value, environ-
mental value, inquiry value, transaction value, and security value are the influ-
encing factors of users’ continuous adoption of digital health apps. Through
fsQCA 3.0, three effective configurations leading to continuous adoption were
generated: CAl: high update value * high transaction value * high security
value * high inquiry value; CA2: high update value * high transaction value *
high security value * high environmental value * high system value; CB: low
system value * high update value * high security value * high inquiry value *
high environmental value. Finally, the authors analyzed the influencing factors
and configurations, providing practical insights for the future development of
digital health apps.
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eHealth refers to the medical function of enhancing health services and infor-
mation delivery through the internet or related technologies [1], reflecting the
transformation of business and medical fields at the end of the 20th century
[2] and representing a technological prototype where a series of technologies
converge to provide medical care for consumers [3]. The initial practical sig-
nificance of eHealth was mainly limited to improving communication efficiency
among medical institutions and enhancing the quality of medical information
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collection [4]. However, digital health apps supported by advanced digital tech-
nologies such as big data and cloud computing are now flourishing. According
to the China Mobile Medical App Product Monitoring Report (2018), there are
already more than 2,000 domestic medical and health applications, with user
numbers exceeding 200 million and active users reaching approximately 28.64
million [3]. Meanwhile, traditional user-end functions such as mobile consul-
tation and pharmaceutical e-commerce have become saturated [6], and severe
homogenization of functions among different software has reduced user novelty
while increasing choice costs. Research by P. Krebs et al. [8] indicates that 45%
of users do not continue using digital health apps after downloading them, and
acquiring new users in online services costs much more than retaining existing
ones [9]. Therefore, exploring how users continuously adopt digital health apps
and improving app user stickiness is particularly important.

In April 2019, the World Health Organization released the Global Strategy on
Digital Health (2020-2024), expanding the application of the eHealth concept
to digital products including a broader range of smart and connected devices,
consolidating concepts such as mobile medical care, mobile health, and medical
informatization into “digital health” [5]. Specialized digital health apps break
the limitations of time and space, providing new solutions for problems such
as uneven distribution of medical resources and cumbersome medical processes.
Since the release of the “Good Doctor Online” iPhone app in 2011, the number
of domestic digital health mobile apps has been on the rise.

Users’ perceived value of information systems affects their continuous adoption
behavior, which has been verified in studies on continuous adoption intention of
WeChat [10], university library WeChat public accounts [11], and online health
communities [12]. Perceived value is considered a multidimensional concept [13]
that runs through the entire user experience process with apps. Therefore, ex-
ploring the synergistic collinearity between different perceived value dimensions
from a configuration perspective may be more helpful in clarifying the mecha-
nisms leading to users’ continuous adoption of digital health apps. However,
existing research on users’ perceived value in apps [10, 14-15] mostly employs
regression analysis or structural equation modeling to verify the net effects of
various dimensions on users’ continuous adoption of digital health services, ne-
glecting the configuration effects of collinearity relationships between dimen-
sions. This makes it difficult to holistically explain the mechanisms leading to
user behavior from an impact pathway perspective. Qualitative Comparative
Analysis (QCA), proposed by American sociologist C. C. Ragin in the 1980s,
combines qualitative and quantitative research paradigms and can holistically
grasp the impact pathways leading to certain outcomes. Given this, this study,
based on the perspective of perceived value, uses online review data of digi-
tal health apps as research material to extract value dimensions, and employs
fuzzy-set qualitative comparative analysis (fsQCA) to identify configurations
of different dimensional perceived value factors. The aim is to explore the in-
fluencing factors and configuration pathways of users’ continuous adoption of
digital health apps, providing references for clarifying functional improvement
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directions and enhancing user retention rates in subsequent digital health apps.

1 Literature Review

As the dilemma of digital health apps intensifies, research on digital health ser-
vice adoption has shifted from traditional initial adoption studies to exploration
of continuous adoption [16], involving different theoretical and research perspec-
tives. From the perspective of assisting suppliers in improving service quality,
S. Akter et al. [17-19] conducted a series of representative studies, not only
scientifically dividing service quality dimensions but also exploring the impact
of different service quality dimensions on users’ continuous adoption intention
of mobile medical care. In terms of model integration, the Information Sys-
tems Success Model (D&M) [20] has been widely applied. Studies within the
D&M framework have demonstrated that digital health app users’ perceived
information quality and perceived service quality positively affect their trust
and satisfaction with apps, thereby influencing continuous adoption intention
[21], while platform quality, medical advice quality, and interaction quality also
indirectly affect continuous adoption of digital health platforms [22].

From the perspective of exploring users’ psychological perceptions when us-
ing digital health services, continuous adoption research on digital health ser-
vices has been supported by rich theories and models, mostly using technology
acceptance-related models as explanatory tools. Classic models such as the
Technology Acceptance Model (TAM) [23], Expectation Confirmation Model
(ECM) [24], and Post-Adoption Model (PAM) [16, 23] have been combined to
summarize influencing factors including perceived usefulness, perceived ease of
use, satisfaction, perceived threat, and perceived trust to better explain users’
continuous adoption of digital health services [23-25]. Some studies have chosen
to expand concepts and develop models on this basis to explore issues more
specifically, such as introducing the concept of “intermittent disruption” to in-
vestigate from the perspective of non-continuous use, expanding the research
angle on users’ continuous use behavior of electronic medical devices [26]. From
the perspective of user-related influencing factors, users’ personal habits [27]
and e-health literacy [28] all affect their continuous adoption of digital health

apps.

Broad perceived value includes not only users’ overall evaluation of the trade-off
between benefits and costs of products or services [29], but also the emotional
and experiential value during consumption or service acceptance [30]. Service
quality factors with multidimensional divisions in digital health research affect
users’ perceived value [22]. However, compared with numerous studies that
divide service quality dimensions, existing research on continuous adoption in-
tention of digital health apps has not well integrated the perspective of per-
ceived value to divide influencing factors, instead mostly treating it as a one-
dimensional mediating variable [22] or as a fictional framework affecting users’
continuous adoption of health communities from a benefit-cost perspective [12].
There are few studies that treat perceived value factors as core constructs for
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multidimensional discussion to explore their different influencing dimensions and
impact on continuous adoption of digital health services, while studies on other
related topics have shown that multidimensional division of perceived value can
better measure users’ continuous adoption intention of information systems [10-

12].

Through literature review, we found that previous research mostly used linear
regression or structural equation modeling to explore users’ adoption and usage
behavior of health apps in the digital health field. Although these methods
explained causal relationships between influencing factors to some extent, they
could not deeply explore how configurations composed of various factors affect
outcome variables. QCA is a “case-oriented” method proposed by American
sociologist C. C. Ragin in the 1980s. Its core logic is based on set theory,
introducing multiple concurrent causal mechanisms to explore the impact of dif-
ferent configurations on outcome variables. It is an effective means to explore
the sufficiency relationship between sets of antecedent variable combinations
and sets of outcome variables, breaking the limitation of traditional research
methods that express linear relationships between single antecedent variables
and outcomes [31]. Currently, QCA has been systematically introduced and
applied in fields such as management [32], journalism and communication [33],
and information science [34]. In user information behavior research, Yang Jin-
long and Hu Guangwei [35] and Gan Chunmei et al. [36] conducted configura-
tion analyses on the drivers of transforming mobile learning app adoption into
continuous adoption and users’ continuous adoption intention of mobile map
apps, respectively. Combining perceived value theory, H. Li et al. [37] revealed
seven effective configurations leading to users’ continuous use of social media
through multidimensional division of perceived value factors. This study selects
fuzzy-set qualitative comparative analysis (fsSQCA) for research. fsSQCA is con-
sidered the most suitable method for handling complex dependencies among
multiple factors [38]. It can not only clarify the necessity relationship of single
conditions for achieving outcomes but also explore the sufficiency of multiple
coexisting configurations related to the same outcome variable [39]. Most impor-
tantly, its determination of case tendencies is not a simple dichotomy of “yes”
or “no,” but uses precise assignments between (0, 1) as membership scores for
cases, which can compensate for the rough classification defects of crisp-set qual-
itative comparative analysis (csQCA) and multi-value qualitative comparative
analysis (mvQCA) [31, 40].

Given this, this study, based on the perspective of perceived value, uses content
analysis and fsQCA methods to explore users’ continuous adoption intention of
digital health apps, focusing on two main questions: (1) From the perspective of
perceived value, what are the influencing factors of users’ continuous adoption
intention of digital health apps, and how can they be dimensionally divided?
(2) Can different perceived value dimensions constitute effective configurations
explaining users’ continuous adoption of digital health apps? What are the
specific configurations?
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2 Research Variable Extraction and Model Construction
2.1 Variable Sources

Extracting meaningful variables is the guarantee for fsQCA to produce reliable
results. If variable extraction deviates from the theme or has low coverage, it
is highly likely to produce irreconcilable contradictory configurations. Online
reviews have received attention from scholars in the health information field. Do-
mestic literature has used online reviews to extract influencing factors for doctor
satisfaction in mobile medical apps [41]. Online reviews can reflect users’ value
perceptions under real experiences, and users who write reviews must have cer-
tain usage experience with the target app, meeting the research condition of
“user continuous adoption intention.” In terms of emotional tendency of on-
line review content, although positive comments occupy an absolute majority in
quantity [42-44], doctors and other patients consider negative comments posted
by patients more influential than positive ones [45]. Patients searching online
often choose doctors with more positive comments and avoid those with more
negative comments [46-47], meaning that in doctor review sections, the higher
the proportion of negative comments recognized by patients (mainly reflected by
numerous likes or top placements), the lower the likelihood of patients adopting
that doctor’s service [48]. Meanwhile, negative comments may be more use-
ful for both comment providers and health information system development,
potentially making health information system development more responsive to
patients’ actual needs [49]. This shows that patients’ online comments can re-
flect their attitudes and behavioral intentions toward medical health websites
or apps to a certain extent, and negative comments may be more persuasive
than positive evaluations. Systematic analysis of negative comments can better
clarify factors affecting continuous adoption and help identify deficiencies in
digital health apps for targeted improvement. Therefore, based on previous re-
search, this study summarizes factors affecting continuous adoption from users’
negative comments about digital health apps.

To ensure research data representativeness, we referred to the classification of
mobile medical apps in the “iMedia Report | 2016-2017 China Mobile Digital
Health Market Research Report” [50], dividing digital health apps into com-
prehensive consultation and vertical function categories. For comprehensive
consultation apps, we selected three digital health apps with different user re-
view ratings in Apple’s App Store: DXY (4.9 points), Ping An Good Doctor (4.4
points), and Good Doctor Online (3.8 points). In the vertical function category,
we randomly selected five apps with four different main functions: Kang Aiduo
Palm Pharmacy (pharmaceutical e-commerce), iKang Health Checkup Service
Platform (appointment for physical examination), BabyTree (serving special
populations), and Zhixin Heart Rate Detection/Tang Nurse (self-diagnosis and
self-testing). From the “Ratings and Reviews” section of these eight apps in the
App Store, we extracted comments sorted by “lowest rating,” extracting the lat-
est 100 negative comments from each app (while deleting some short comments
without specific reasons, such as “not easy to use” or “deleting it”). Due to the
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limited number and single type of valuable user comments in self-diagnosis and
self-testing apps, we selected from two apps simultaneously while keeping the to-
tal number unchanged, generating 700 negative comments as research material
for coding. The basic characteristics of these apps are shown in Table 1 , and
examples of negative comments are shown in Figure 1 [Figure 1: see original

paper].

2.2 Coding and Model Construction

The entire data collection and coding process lasted from June 2019 to August
2019. Researchers captured screenshots of negative comments on iOS devices
and conducted handwritten coding through online annotation and printed an-
notation. To reduce coding subjectivity and ensure reliability and validity, the
research material was independently coded by two researchers. Before coding,
both coders conducted participatory observations of the eight digital health
apps, gaining full understanding of each app’s functional modules. One coder
also had a medical informatics education background, being more sensitive to
health information classification, which facilitated the coding work.

Second, coders participated in online focus group discussions every two weeks.
The focus group consisted of two coders and three domain experts, with experts
alternating as moderators. Each meeting lasted approximately 1-2 hours, and
a total of five focus group meetings were organized throughout the study. The
main content of the meetings was to verify and analyze the coding content of the
current stage to more comprehensively, deeply, and reasonably reveal perceived
value factors that may affect users’ continuous adoption intention of digital
health apps.

Finally, through two-level open coding, concepts appearing three times or more
were summarized as initial codes [51]. The two groups of coding results were
continuously compared, retaining consistent codes and confirming inconsistent
codes through meeting discussions for final variable induction. The study found
that users’ perceived value is mainly reflected in six aspects: system value,
update value, environmental value, inquiry value, transaction value, and security
value. The specific content is shown in Table 2 .

As can be seen, users’ perceived value factors are reflected in multiple aspects
of user experience, involving synergistic influences of multiple dimensional fac-
tors. These factors may have collinear relationships. Based on this, this study
constructed a conceptual model of influencing factors of users’ continuous adop-
tion intention from the perspective of perceived value, as shown in Figure 2
[Figure 2: see original paper]. Among them, transaction and inquiry belong to
users’ intuitive perceptions after experiencing the app’s service functions, which
this study integrates and categorizes as service function factors. System, up-
date, security, and environment do not involve specific app functions but affect
user experience and may consequently affect continuous adoption, which this
study integrates and categorizes as auxiliary experience factors. The specific
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connotations of each influencing factor are shown in Table 3 .

3 Research Design
3.1 Questionnaire Design and Sample Description

The questionnaire used in this study was developed and distributed through
Wenjuanxing. The questionnaire consisted of 24 items. Items 1-3 surveyed
basic information about sample users (gender, age, and education). Items 4-23
were designed based on the 20 initial codes included in the six variables from
Table 1 and measured using a 6-point scale. This prevents case loss caused
by users unintentionally selecting the midpoint in odd-numbered scales after
subsequent data calibration. The final item explored users’ continuous adoption
intention. To clarify this, the question used a binary scale. To ensure survey
cases aligned with the research focus, questionnaire distribution used snowball
sampling. Several long-term users of multiple digital health apps first completed
the questionnaire, then pushed it to friends, colleagues, and members of their
digital health app communities who had used core functions of such apps or
actively learned about them. The questionnaire distribution period was from
February 15, 2020, to March 6, 2020 (20 days), ultimately collecting 145 valid
questionnaires. Overall, the sample distribution was relatively balanced. In
terms of gender, female users accounted for 58.62% of the sample, which aligns
with previous research showing that women are more inclined to use online
consultation services than men [52]. In terms of age, 50.34% of sample users
were concentrated between 25-50 years old. Education level was predominantly
undergraduate, accounting for approximately 59.31% of the sample user group.

3.2 Reliability and Validity Testing

Using SPSS 26 and Amos 24, we conducted reliability and convergent validity
tests on the scale. The Cronbach’s a coefficients of all variables were greater
than 0.7, indicating high reliability and good consistency among items. The
factor loadings of each item on its corresponding variable were all greater than
0.5, with the vast majority exceeding 0.7, indicating strong explanatory power
of items for their variables, and all indicators could be retained. Additionally,
the average variance extracted (AVE) for each variable was greater than 0.5, and
the composite reliability (CR) was greater than 0.7, indicating ideal convergent
validity. To obtain precise user responses, the outcome variable (whether users
continuously adopt) consisted of only one item and therefore did not participate
in reliability and validity testing. The reliability and validity test results for each
antecedent variable are shown in Table 4 .

3.3 Data Calibration

The variable membership values in fuzzy-set qualitative comparative analysis
represent users’ attitudinal tendencies, so data need to be qualitatively cali-
brated according to actual needs. This involves establishing three anchor points
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with boundary properties: the full membership point, the full non-membership
point, and the crossover point, represented as values of 1, 0, and 0.5 in stan-
dardized data. The 6-point scale used in this study naturally forms two anchor
points (6, 1), representing full membership and full non-membership, respec-
tively. The average of 6 and 1, 3.5, was used as the crossover point. Due to
the good consistency of the questionnaire, the mapping of anchor points to each
variable was obtained by multiplying the data at the three points by the number
of items included in the variable. The specific anchor points are shown in Table
5.

3.4 Single Variable Necessity Testing

The purpose of single variable necessity testing is to explore whether there exists
a single necessary condition in cases when the outcome occurs, thereby prelim-
inarily determining the core conditions in configurations. From a set theory
perspective, necessary conditions can be considered supersets of the outcome
[63]. It is generally believed that a necessity consistency greater than 0.9 can be
considered a necessary condition [54]. According to the specifications in fsSQCA
3.0 software, adding “~” before a variable abbreviation indicates that the cur-
rent variable does not belong to the target set. The detailed test results for the
outcome variable “user continuous adoption (CA)” are shown in Table 6 . As
can be seen, no variable has a necessity consistency greater than 0.9, indicating
that single variables have weak explanatory power for the outcome. We then
explored the sufficiency effect of configurations on the outcome.

3.5 Configuration Analysis

In fSQCA 3.0 software, the case threshold was set to 1 and the consistency
threshold to 0.75 for configuration minimization calculation. fsQCA 3.0 anal-
ysis typically generates three solutions: the parsimonious solution generated
by fully incorporating logical remainders (configurations without corresponding
facts), the intermediate solution generated by incorporating some meaningful
logical remainders, and the complex solution generated without incorporating
any logical remainders. The intermediate solution is generally considered op-
timal. When a condition appears in both the parsimonious and intermediate
solutions, and the cases covered by the parsimonious solution encompass those
of the intermediate solution, that condition is considered a core condition lead-
ing to the outcome. Conditions that appear only in the intermediate solution
or appear in both but with non-corresponding cases are considered auxiliary
conditions.

According to the configuration representation method established by C. C. Ra-
gin [55], and represent the presence and absence of core conditions, while and

represent the presence and absence of auxiliary conditions, respectively. Blank
spaces indicate that the condition may be present or absent and is irrelevant.
Table 6 shows that three configurations leading to user continuous adoption
were generated. The consistency of individual configurations was 0.758, 0.825,
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and 0.833, respectively, with an overall solution consistency of 0.834, indicat-
ing that they constitute sufficient conditions for the outcome with significant
configuration effects. The overall solution coverage was 0.516, indicating that
the three configurations can explain more than half of the cases. Configuration
details are shown in Table 7 .

(1) Configurations CA1 and CA2 share three core conditions: high update
value, high security value, and high transaction value. They are distin-
guished into two configuration paths leading to continuous adoption due
to different auxiliary conditions. CA1 has high inquiry value as an aux-
iliary condition, indicating that user cases under the CAl configuration
need good inquiry experience in addition to good transaction experience
in service function factors to continuously adopt digital health apps. This
configuration covers 43.8% of sample cases, with 5.5% explainable only
by this configuration. CA2 has high system value and high environmental
value as auxiliary conditions, indicating that user cases under the CA2 con-
figuration need good system experience and low external negative percep-
tion in addition to good update experience in auxiliary experience factors
to continuously adopt digital health apps. This configuration covers 21.3%
of cases, with 0.9% explainable only by this configuration. From the per-
spective of service function factors, transaction value is a core condition in
both configurations, while inquiry value appears only as an auxiliary condi-
tion in CA2, indicating that CA1 and CA2 are two transaction-dominant
configurations emphasizing transaction value.

(2) Configuration CB indicates that although users under this configuration
have low perceived system value, they can still achieve continuous adop-
tion if they simultaneously perceive high inquiry value, high update value,
high security value, and high environmental value of digital health apps.
Among these, low system value, high update value, and high security value
are core conditions. This configuration explains 37.9% of cases, with 0.8%
explainable only by this configuration. From the perspective of service
function factors, user cases under the CB configuration only emphasize
inquiry value of digital health apps, while transaction value is an irrele-
vant condition, indicating that this is a specialized inquiry configuration
focusing only on inquiry value.

4 Discussion and Implications
4.1 Research Findings

Health information behavior is a current research hotspot, and studies on user
adoption/continuous adoption of medical health forums and apps have received
widespread attention. This study applies the perspective of perceived value to
identify influencing factors of users’ continuous adoption intention and combines
the fSQCA method to explore the configuration pathways of users’ continuous
adoption of digital health apps.
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First, this study selected 700 negative comments from eight digital health apps
and conducted coding analysis under the guidance of perceived value theory. Six
second-level codes were extracted: system value, update value, inquiry value,
environmental value, transaction value, and security value, clarifying the var-
ious dimensions of perceived value that lead to users’ continuous adoption of
digital health apps. By analyzing whether influencing factors involve specific
app functions, they were categorized into service function factors and auxiliary
experience factors. Second, the different perceived value dimensions extracted
were used as antecedent variables for subsequent research with fsQCA. In the
analysis of necessary conditions, no single value perception constituted a neces-
sary condition for continuous adoption, while update value and security value
existed in all configurations meeting consistency requirements, suggesting they
may have relatively high necessity and play important roles in the process of
leading to continuous adoption. Finally, through fsQCA analysis, three config-
urations leading to continuous adoption were obtained. From the comparison
of service function factors, transaction value is the most widely covered service
function factor and a core condition in the CA configurations, indicating that
perceived transaction value may be a more critical factor than perceived inquiry
value in users’ actual app usage. Configuration CB emphasizes the importance
of inquiry function, showing that different configurations present the collinear-
ity of core and peripheral factors. These findings provide important insights
for conducting research on user behavior related to digital health apps from a
configuration perspective.

4.2 Research Implications

4.2.1 Theoretical Implications Perceived value as a multidimensional vari-
able has unique dimensions in different contexts that differ from other contexts
[62]. However, in any context, a multidimensional perspective should depict the
overall situation as much as possible, meaning that adopting a holistic, global
perspective may more effectively grasp the research. Therefore, this study ex-
plores influencing factors and configurations of users’ adoption intention of digi-
tal health apps from the perspective of perceived value, providing the following
insights and contributions for subsequent research:

First, this study clarified multidimensional perceived value attributes affecting
users’ continuous adoption of digital health apps through coding and induction
of users’ negative comments. Different from previous studies that extracted per-
ceived value dimensions in different fields through deduction [50] and explained
perceived value of continuous use intention in online health communities based
purely on a benefit-cost perspective [9], this study chose to induce perceived
value dimensions with more phenomenological characteristics from users’ neg-
ative comments, providing a theoretical foundation for subsequent research in
the digital health field.

Second, this study re-examined the impact pattern of single conditions on out-
come variables through necessity condition analysis. Previous quantitative anal-
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yses have shown that single dimensions of perceived value may have significant
effects on outcomes [14-15], meaning nearly inevitable increasing or decreasing
correlations between antecedent and outcome variables. However, this study
found that single perceived value factors leading to users’ continuous adoption
of digital health apps are not necessary conditions, meaning no single variable
must exist to lead to continuous adoption behavior. For example, in configura-
tion CA2, the absence of inquiry value coordination, and in configuration CB,
the absence of transaction value coordination, still led to continuous adoption
under the joint promotion of other conditions. Therefore, although different
digital health apps provide different perceived values and configurations may
contain different perceived value dimensions, the disadvantage or absence of a
certain dimension does not necessarily hinder users’ continuous adoption.

Finally, this study combines perceived value theory with the fsQCA method to
provide a reference for conducting digital health field research from a configu-
ration perspective. Previous research on influencing factors of perceived value
in the digital health field has focused on exploring net effects of variables, with
few studies attempting to combine it with a configuration perspective. The
conclusions of this study show that configurations CA1 and CA2 emphasize the
importance of transaction functions, while configuration CB emphasizes the im-
portance of inquiry functions. Different configurations present the collinearity
of core and peripheral factors. These findings provide important insights for
conducting user behavior research on digital health apps from a configuration
perspective.

4.2.2 Practical Implications

(1) Focus on security value and update value from the perspective of
core conditions. From the auxiliary experience factors in the three con-
figurations, all showed membership in high update value and high security
value, indicating that these two factors are difficult to avoid in the main
pathways to achieving continuous adoption and should receive attention
from digital health app developers.

Regarding information security value, G. Fox et al. [56] found that older adults
are reluctant to accept mobile medical care due to high-risk perceptions and
strong privacy protection desires. This study similarly found in users’ negative
comments that many users expressed dissatisfaction with digital health apps
publishing their consultation records with doctors and the inability to delete
consultation dialogues. Therefore, respecting users’ privacy preferences and
granting users more privacy protection permissions in apps can effectively al-
leviate privacy concerns. In addition, security value includes users’ perception
of information storage security in apps. Some vertical function digital health
apps have information recording and cycle analysis functions, such as record-
ing curves for blood glucose, blood pressure, and menstruation. In most cases,
storage of such information requires users to synchronize corresponding data
to the app’s cloud server, and during cloud storage, system vulnerabilities or
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data transmission issues may cause recorded data loss or errors [57]. Therefore,
improving app information storage stability and conducting multi-end backup
of user information are also important aspects of enhancing users’ perceived
security value.

Attention to update value of digital health apps is the most direct manifestation
of users’ continuous app usage. With intensifying competition among apps, apps
dynamically released on app stores such as Apple App Store and Google Play
Store have much higher update frequencies than traditionally downloaded soft-
ware [58]. However, some users cannot well adapt to changes in app interfaces
and functions brought by rapid updates [59]. Therefore, the impact of software
updates on user experience is a phenomenon worth attention. Currently, there
are few studies directly addressing update value of digital health apps. This
study summarized users’ negative comments and found that software update
issues mainly concentrate on three aspects: function changes, high update fre-
quency, and forced updates. When users choose to update apps, they often have
certain expectations and hopes for new functions or problem fixes. Therefore,
if app updates do not significantly improve the overall user experience, users
may lose balance in benefit-cost perceptions and exhibit prominent negative up-
date cost effects. If functions are reduced after updates, affecting normal use,
it may directly lead to user loss. For example, one user stated, “After the up-
date, the safe medication function is gone, can’t record drug expiration dates
or remind for medication changes, very inconvenient.” In summary, updates of
digital health apps should adhere to principles of voluntary updates, effective
updates, and advance notice of changes, giving users higher initiative in version
selection, focusing on update quality rather than frequency, and conducting de-
tailed research on user needs before function changes with change notifications,
to achieve higher user satisfaction.

(2) Distinguish transaction-dominant and specialized inquiry users
from the perspective of effective configurations. Each configuration
represents a specific pathway that can lead to users’ continuous adoption.
Therefore, thinking about key issues reflected by the two pathways may
yield more effective practical insights.

Value transaction-dominant users and enhance transaction experi-
ence. Previous research on service function factors affecting online medical
adoption mostly focused on analyzing influencing factors around online inquiry
functions [21, 41], with few studies involving users’ transaction experience when
using digital health apps. However, analysis of configurations CA in Section
3.5 shows that transaction value is the most widely covered service function
factor and a core condition leading to continuous adoption in CA configura-
tions, indicating that perceived transaction value may be a more critical factor
than perceived inquiry value in users’ actual app usage. In reality, medical
e-commerce often lacks strong organization, supervision, and distribution sys-
tems, with new media platforms having weak supervision and uneven quality
[60]. However, drugs and medical equipment have higher requirements for distri-
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bution timeliness and safety than ordinary goods [61], making it understandable
that user comments are filled with dissatisfaction about independent medical
e-commerce’s delivery and refund timeliness, welfare activity rationality, and
drug quality. To address capability deficiencies, various online digital health
platforms can choose to merge their independent e-commerce systems to build
a powerful, independent, standardized medical e-commerce app, or attach to
mature shopping apps such as Taobao and JD.com. Users can purchase on
designated apps after obtaining prescriptions online or offline, ensuring better
quality, efficiency, and authority of transactions.

For small digital health apps with low system value, focus on attract-
ing specialized inquiry users. This insight comes from configuration CB.
Since transaction value level does not affect whether user cases under configura-
tion CB continuously adopt digital health apps, small digital health apps with
good development environments can choose to directly abandon their own mall
functions or attach to other e-commerce platforms for transaction functions,
focusing on developing their own online inquiry functions, ensuring security of
user inquiry information, and continuously improving the app through high-
quality updates to maintain the advantageous position of inquiry functions and
improve user retention.

5 Research Limitations and Future Directions

This study still has the following limitations. First, in terms of questionnaire
data collection, we could not well ensure average distribution of sample users
in demographic terms. For example, undergraduate users accounted for nearly
60% in education level, possibly due to some sample source concentration in
snowball sampling. Second, in terms of research material selection and influenc-
ing factor formulation, this study had certain subjectivity in selecting digital
health apps and extracting online comments. Due to the workload of manual
coding, we could not more comprehensively select apps and online comments.
To make research conclusions more generalizable, future studies could select
other similar digital health apps for negative comment extraction and compare
with this study’s conclusions, or use technical means to crawl and cluster code
online comments from the population rather than samples. Additionally, all
influencing factors included in fsSQCA analysis in this study were subjectively
coded by the authors, and the validity and universality of some variables (such
as transaction value) have not been corroborated by other studies. Future re-
search could combine statistical methods for confirmatory analysis. Finally, in
terms of comprehensiveness of influencing factor extraction, users’ continuous
adoption behavior of digital health apps may be affected by factors at different
levels, but under the perspective of perceived value, only users’ subjective per-
ception factors of apps can be obtained. Personal-level factors such as users’
personal habits [27] and e-health literacy [28] that may constitute influences
are difficult to identify through online comments. Future research could add
interview data or questionnaire data as supplementary coding materials based
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on online comments to obtain more comprehensive coding materials for improv-
ing research on influencing factors of continuous adoption intention at different
levels.
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