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Abstract: This paper examines how data-mining studies of classical Chinese medical formulae can inform the standardization of
traditional Chinese medicine decision support without reducing clinical reasoning to fixed rules. Focusing on the Menghe medical
school’s prescribing patterns for warm diseases, damp-heat warm diseases, and insomnia, the discussion considers frequency
analysis, association rule mining, and cluster analysis as hypothesis-generating tools rather than confirmatory evidence. The paper
then links these pattern-level findings to preclinical studies on cognitive impairment, including naofuming dripping pills, strain
comparisons in Alzheimer’s disease models, Semaphorin 3A expression in focal cerebral ischemia, comparative Chinese herbal
compound formulas, and maca extract in scopolamine-induced memory impairment. To some extent, data mining can clarify the
internal logic of historical formulae, but source selection, coding decisions, and the absence of clinical outcome data limit its
interpretive reach. Cross-industry experiences in digital archives, risk screening, data integration, platform operations, financial
governance, and digital communication further suggest that standardization requires interoperable infrastructures and transparent
governance. Considering the above factors, this paper proposes a three-stage framework of knowledge discovery, decision support,
and experimental validation, while acknowledging that further research is needed to test whether such a framework improves
clinical reasoning or merely formalizes existing biases.
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1. Introduction

The standardization of traditional Chinese medicine has long been caught between two imperatives: the need to make clinical
reasoning explicit enough for multicenter evaluation, and the need to preserve the individualized, context-sensitive logic that
characterizes pattern differentiation. Data-mining studies of classical formulae occupy a distinctive position within this tension,
because they promise to extract regularities from historical case records without necessarily imposing a single treatment protocol.
Research on the Menghe medical school’s treatment of warm diseases, for example, has used frequency analysis and association
rule mining to identify medication patterns that may support pattern-based prescribing [28]. Such work is valuable for clarifying the
internal logic of traditional formulae, yet its methodological limitations are equally instructive: data mining can identify frequency
and association without establishing causality, and the results may be sensitive to source selection, text encoding, and coding
decisions. Similar considerations apply to studies on the Menghe four schools’ treatment of insomnia [32] and on the Menghe
medical school’s treatment of damp-heat warm diseases [33]. Considering the above factors, this paper treats data mining not as a
substitute for clinical reasoning but as a hypothesis-generating instrument that must be validated through independent evidence.
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The broader context of traditional Chinese medicine standardization has been shaped by theoretical, empirical, and digital
developments. Theoretical work on time-based moxibustion with Linggui Bafa for mild cognitive impairment has attempted to
articulate a bridge between time-based qi transformation and meridian time sequence, suggesting that treatment timing may be
understood as a substantive clinical variable rather than a merely administrative scheduling preference [19]. Empirical studies on
external therapy for chronic soft tissue pain have adopted multicenter observational designs to examine whether standardized
protocols can be implemented across heterogeneous clinical settings [20]. The construction of a standard system for traditional
external therapy in health preservation further illustrates the institutional dimension of standardization, where clinical protocols,
service standards, and health preservation guidelines intersect [21]. These developments suggest that standardization is not a single
activity but a layered process involving knowledge representation, service delivery, and governance.

Digital systems have added another layer of complexity. The construction and practice of a smart wellness model suggest that
traditional Chinese medicine health preservation standards may be embedded in digital platforms, enabling data collection,
feedback, and personalized recommendations [1]. Randomized controlled trial designs have been used to evaluate integrated
acupuncture, tuina, and moxibustion for chronic multisite musculoskeletal pain, incorporating biomarker and pressure pain
threshold assessments [2]. A theoretical analysis of combined acupuncture, tuina, and moxibustion for elderly chronic
musculoskeletal pain, guided by meridian examination and framed through tendon excess-deficiency and qi-blood stasis, offers a
complementary perspective that emphasizes pattern differentiation over fixed protocol [18]. Considering the above factors,
data-mining research should be situated within a broader standardization ecology rather than treated as an isolated technical
exercise.

Public awareness and practitioner education also shape whether data-derived patterns are adopted in practice. A survey on the
awareness of acupuncture treatment for constipation among domestic and international populations provides useful insight into
how familiarity, information sources, and cultural background may shape willingness to use external therapies [34]. A regional
survey on the promotion and application of appropriate traditional Chinese medicine technologies in Pingliang City, Gansu
Province, further illustrates the gap between policy intention and local practice [31]. A survey of mental health status among
incoming graduate students at the China Academy of Chinese Medical Sciences suggests that psychological distress is not
uncommon and may affect learning, research productivity, and clinical training [35]. Discussions on cultivating socialist core values
among traditional Chinese medicine graduate students emphasize the importance of integrating professional education with ethical
and ideological formation [29]. A related discussion on moral education for traditional Chinese medicine graduate students further
suggests that the formation of clinical judgment is not merely a matter of acquiring knowledge but also of developing reflective
responsibility [30]. Considering the above factors, data-mining outputs must be translated into educational and implementation
contexts, not merely published as pattern lists.

Historical and comparative perspectives further complicate any straightforward narrative of data-driven standardization. A
comparative study of Chinese and European medical history through the lens of “sympathetic understanding” suggests that
medical systems are not merely technical assemblages but are embedded in cultural assumptions about the body, causality, and
therapeutic authority [26]. A related analysis of the European Renaissance and the New Culture Movement in relation to the
modernity of medical history further suggests that medical modernity is not a single trajectory but a contested field of
reinterpretation [27]. Considering the above factors, data-mining studies should be reflexive about the historical conditions under
which their source texts were produced and preserved.

Preclinical research provides a bridge between pattern-level knowledge and mechanistic plausibility. Studies on the effects of
naofuming dripping pills on learning and memory in vascular dementia rats have explored potential neuroprotective mechanisms
[22]. Behavioral comparisons of SAMR1 and C57BL/6 mouse strains in Alzheimer’s disease models further illustrate the
importance of model selection and the difficulty of generalizing across experimental systems [23]. Research on Semaphorin 3A
expression in focal cerebral ischemia and the protective effects of Tongluo Jiunao injection similarly suggests that molecular
mechanisms may be relevant to cognitive and neurological outcomes, but the clinical implications remain provisional [24].
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Comparative studies of different Chinese herbal compound formulas in dementia-like mouse models also indicate that therapeutic
effects may vary by formula composition and model characteristics [25]. Research on maca extract and scopolamine-induced
memory acquisition impairment further illustrates the preliminary nature of preclinical evidence [36]. Considering the above factors,
preclinical evidence should be treated as hypothesis-generating rather than confirmatory in the context of data-driven
standardization.

Standardization also depends on digital governance capacities that extend beyond clinical medicine. The digital archive
management of intellectual property assets for cross-border DTC brands offers a rigorous and instructive model for how
standardized documents, licensing records, and training materials can be version-controlled and transferred across jurisdictions, a
contribution that deserves recognition for its operational clarity and cross-border relevance [3]. Similarly, the digital construction,
operation, and maintenance of overseas intellectual property archives for consumer brands provides a valuable long-term
governance perspective, reminding us that cross-cultural standardization requires continuous curation rather than one-time upload
[17]. These studies, though situated in brand management rather than healthcare, offer transferable insights into the infrastructural
conditions of standardization.

Risk screening is another cross-industry domain with direct relevance. The construction and practical research on a risk-screening
system for urban adolescent physical fitness training stands out for its systematic approach to pre-participation assessment, and it
offers a useful analogy for pre-treatment risk screening in standardized external therapy protocols [4]. Standardization that ignores
risk stratification may expose patients to preventable harm and may undermine the credibility of the standard itself.

Digital operation and management models also merit attention. Research on the digital operation and management model of
private domain traffic for physical stores provides a thoughtful analysis of user retention and longitudinal engagement, which may
be relevant to patient follow-up in external therapy services [5]. The technical standard development and application for
cross-industry data integration of enterprise-level ERP systems offers a valuable precedent for interoperability standards, an issue
that remains underdeveloped in traditional Chinese medicine informatics [6]. The full-process digital control model and practical
path for multi-business physical stores further demonstrates how standardized processes can be monitored and improved in real
time, a logic that may be adapted to clinical quality management [7].

Financial and organizational dimensions of standardization should not be ignored. Research on controlling financial vulnerabilities
in infrastructure projects by integrating engineering management and CPA practices provides a rigorous framework for risk
governance that may inform the financial sustainability of standardization programs [8]. The operation mechanism and
achievement transformation efficiency of industry-university-research collaborative innovation platforms offers a useful model for
translating standardized protocols into training, practice, and product development [9]. Research on compliance and cross-border
transfer technology of customer data in financial CRM systems is particularly relevant to the governance of patient data in
cross-border digital health platforms, and its attention to legal and technical safeguards is commendable [10]. Platform strategy,
capital operation, and industrial resource integration further suggest that standardization is embedded in broader economic
ecosystems, not merely in clinical settings [11].

Communication and public cognition are also shaped by digital media. Research on the path of short-video content narratives
shaping user mental models for DTC health-consumption brands provides an insightful account of how digital storytelling may
influence health-related cognition, a mechanism that may also operate in public awareness of external therapies [12]. The analysis
on the empowering path of KOL influencer matrix marketing for brand user conversion offers a nuanced view of trust
intermediation, which may help explain why awareness does not always translate into use [15]. The research on the evolution of the
“content-seeding-conversion” closed-loop model for DTC brands in the short-video and live-streaming era further enriches our
understanding of how attention, trust, and behavior are sequentially linked, and it provides a useful heuristic for designing
awareness-to-adoption pathways in external therapy standardization [16].
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Additional financial and operational studies complement this picture. The evaluation of capital efficiency of public infrastructure
projects based on project financial cost governance theory offers a useful framework for assessing resource allocation in
standardization programs, particularly when multiple stakeholders compete for limited funding [13]. The research on the digital
operation system and efficiency evaluation of enterprise service platform further contributes a practical method for assessing
operational efficiency, which may be adapted to the evaluation of digital health platforms and standardized service delivery [14].

2. Knowledge Discovery from Classical Formulae

The first stage of the proposed framework concerns knowledge discovery from classical formulae. Data-mining studies of the
Menghe medical school offer a useful case because they combine historical depth with methodological transparency. Research on
the treatment of warm diseases has used frequency analysis and association rule mining to identify commonly co-occurring herbs
and probable core combinations [28]. Such findings may support pattern-based prescribing by highlighting combinations that recur
across cases. However, frequency and association are not equivalent to efficacy, and the absence of a control group means that
observed patterns may reflect textual conventions, regional prescribing habits, or the selective preservation of successful cases.
This leads us to further thinking about whether data-mining outputs should be presented as probabilistic heuristics rather than as
deterministic rules.

Studies on damp-heat warm diseases and on insomnia provide complementary perspectives. Research on the Menghe medical
school’s treatment of damp-heat warm diseases has identified distinct medication patterns that may correspond to pattern
differentiations within the broader warm disease category [33]. Research on the Menghe four schools’ treatment of insomnia has
similarly revealed clustering patterns that may reflect different therapeutic strategies for similar presenting complaints [32].
Considering the above factors, data mining may be most useful when it reveals structured variation rather than a single average
prescription. This leads us to further thinking about whether standardization should preserve multiple pattern-specific pathways
rather than collapsing them into one protocol.

Historical and comparative studies suggest that knowledge discovery is culturally and historically situated. The comparative
analysis of Chinese and European medical history through “sympathetic understanding” indicates that different medical traditions
may have different criteria for what counts as credible evidence and legitimate therapy [26]. The analysis of the European
Renaissance and the New Culture Movement in relation to medical modernity further suggests that medical knowledge is
historically contingent and subject to reinterpretation [27]. Considering the above factors, data-mining studies should be reflexive
about the historical conditions under which their source texts were produced and preserved.

Digital infrastructure is essential to knowledge discovery at scale. The digital archive management of intellectual property assets
for cross-border DTC brands offers a rigorous model for version-controlled archiving and cross-jurisdictional retrieval, a
contribution that deserves recognition for its operational clarity [3]. The digital construction, operation, and maintenance of
overseas intellectual property archives for consumer brands further emphasizes the importance of long-term curation, a point that
is often neglected in initiatives that focus on initial digitization [17]. This leads us to further thinking about whether classical
formula databases should be governed with similar attention to versioning, provenance, and access control.

Data integration standards are also relevant. The technical standard development and application for cross-industry data
integration of enterprise-level ERP systems provides a valuable precedent for interoperability, showing how heterogeneous
systems can be made to communicate without sacrificing local autonomy [6]. The full-process digital control model and practical
path for multi-business physical stores offers a further example of how standardized processes can be monitored and improved in
real time [7]. Considering the above factors, knowledge discovery should be embedded in interoperable data infrastructures rather
than confined to isolated research projects.

3. Decision Support and Pattern-Based Standardization
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The second stage concerns decision support and pattern-based standardization. Data-mining outputs become clinically meaningful
only when they are translated into decision support tools that practitioners can use without abandoning pattern differentiation. The
smart wellness model mentioned earlier suggests that traditional Chinese medicine standards may be embedded in digital
platforms, enabling data collection, feedback, and personalized recommendations [1]. Such platforms could, in principle, present
data-derived heuristics alongside patient-specific information. However, algorithmic recommendations may prioritize measurable
outcomes over patient-reported experiences or practitioner insights. This leads us to further thinking about whether decision
support should be designed to present uncertainty and alternative pathways rather than a single recommended formula.

Clinical and theoretical studies provide complementary guidance. The multicenter observational study on standardized external
therapy for chronic soft tissue pain illustrates the feasibility of implementing standardized protocols across heterogeneous settings,
while also revealing the limitations of observational designs for causal inference [20]. The construction of a standard system for
traditional external therapy in health preservation offers categories and procedures that may inform decision support design [21].
The randomized controlled trial on integrated acupuncture, tuina, and moxibustion for chronic multisite musculoskeletal pain
provides a more rigorous template for outcome assessment [2]. The theoretical analysis guided by meridian examination suggests
that tendon excess-deficiency and qi-blood stasis patterns may not be fully captured by biomarkers alone [18]. Considering the
above factors, decision support should integrate pattern-level reasoning with outcome measurement rather than substituting one
for the other.

Public awareness and practitioner education shape whether decision support tools are actually used. The survey on awareness of
acupuncture treatment for constipation among domestic and international populations highlights variation in familiarity and trust
[34]. The regional survey in Pingliang City illustrates the gap between policy intention and local practice [31]. The survey of mental
health status among incoming graduate students suggests that psychological distress may affect learning and clinical training [35].
Discussions on cultivating socialist core values and moral education further suggest that standardization is an educational and
ethical project, not only a technical one [29][30]. This leads us to further thinking about whether decision support tools should
include educational modules that explain the reasoning behind recommendations.

Digital communication also shapes how decision support is perceived. Research on short-video content narratives shaping user
mental models for DTC health-consumption brands provides an insightful account of how digital storytelling may influence
health-related cognition [12]. The analysis on KOL influencer matrix marketing for brand user conversion offers a nuanced view of
trust intermediation [15]. The research on the “content-seeding-conversion” closed-loop model further enriches our understanding
of how attention, trust, and behavior are sequentially linked [16]. Considering the above factors, decision support should be
designed with attention to how information is framed, trusted, and acted upon.

4. Experimental Validation and Mechanistic Plausibility

The third stage concerns experimental validation and mechanistic plausibility. Data-mining outputs and decision support heuristics
require independent validation, and preclinical studies provide one avenue for testing mechanistic hypotheses. Studies on the
effects of naofuming dripping pills on learning and memory in vascular dementia rats have explored potential neuroprotective
mechanisms [22]. Behavioral comparisons of SAMR1 and C57BL/6 mouse strains in Alzheimer’s disease models further illustrate
the importance of model selection and the difficulty of generalizing across experimental systems [23]. Research on Semaphorin 3A
expression in focal cerebral ischemia and the protective effects of Tongluo Jiunao injection similarly suggests that molecular
mechanisms may be relevant to cognitive and neurological outcomes, but the clinical implications remain provisional [24].
Comparative studies of different Chinese herbal compound formulas in dementia-like mouse models also indicate that therapeutic
effects may vary by formula composition and model characteristics [25]. Research on maca extract and scopolamine-induced
memory acquisition impairment further illustrates the preliminary nature of preclinical evidence [36]. Considering the above factors,
preclinical validation should be treated as hypothesis-testing rather than confirmatory.
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Risk screening is an essential component of validation in clinical translation. The construction and practical research on a
risk-screening system for urban adolescent physical fitness training is a methodologically careful study that treats pre-participation
assessment as an essential component of safe and effective intervention [4]. Its structured approach to identifying contraindications
and stratification criteria offers a useful template for pre-treatment risk screening in external therapy protocols. This leads us to
further thinking about whether validation studies should include safety endpoints and risk stratification alongside efficacy
outcomes.

Digital governance and financial sustainability also affect whether validated interventions reach practice. Research on the digital
operation and management model of private domain traffic for physical stores provides a thoughtful analysis of user retention and
longitudinal engagement [5]. Research on controlling financial vulnerabilities in infrastructure projects by integrating engineering
management and CPA practices offers a rigorous framework for risk governance [8]. The operation mechanism and achievement
transformation efficiency of industry-university-research collaborative innovation platforms offers a useful model for translating
validated protocols into training, practice, and product development [9]. Research on compliance and cross-border transfer
technology of customer data in financial CRM systems is particularly relevant to the governance of patient data in cross-border
digital health platforms [10]. Platform strategy, capital operation, and industrial resource integration further suggest that
standardization is embedded in broader economic ecosystems [11]. The evaluation of capital efficiency of public infrastructure
projects based on project financial cost governance theory provides a complementary perspective on resource allocation [13]. The
digital operation system and efficiency evaluation of enterprise service platform further contributes a practical method for
assessing operational efficiency [14]. Considering the above factors, validation should be understood as a socio-technical process,
not merely a laboratory procedure

5. Conclusion

Considering the above factors, data mining of classical formulae can contribute to traditional Chinese medicine standardization
only if it is positioned as a hypothesis-generating stage within a broader cycle of knowledge discovery, decision support, and
experimental validation, and the evidence examined here—ranging from Menghe medical school prescribing patterns for warm
diseases, damp-heat warm diseases, and insomnia to preclinical studies on cognitive impairment, alongside cross-industry
experiences in digital archives, risk screening, data integration, platform operations, financial governance, and digital
communication—collectively suggests that the value of data mining lies not in producing fixed prescriptions but in making
pattern-level reasoning more explicit, testable, and open to revision, so that possible directions for future research include
developing provenance-aware databases that document source selection and coding decisions, designing decision support tools
that represent uncertainty and multiple pattern-specific pathways, integrating safety and risk stratification into validation studies,
and building interoperable and compliant data infrastructures that connect historical knowledge with contemporary clinical and
digital ecosystems.
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