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Abstract
[Purpose/Significance] Scientific research (especially medical research) is fraught
with uncertainty. Identifying contradictory knowledge claims in research will
help identify “scientific disagreements/inconsistent scientific conclusions”and
facilitate the identification of potentially transformative scientific research and
the improvement of related studies.

[Method/Process] Taking Alzheimer’s disease as a case study, PubMed abstract
data was used as the data source, and the SemRep tool was employed for triple
extraction. Identification rules for knowledge claims representing contradictory
meanings were formulated. Source statements were categorized based on their
level of uncertainty, and two approaches—single-sentence identification and cross-
sentence identification—were respectively adopted to identify medical research
knowledge claims with contradictory meanings represented in triple form.

[Results/Conclusion] A total of 49 groups (involving 277 triple pairs) of contra-
dictory knowledge claims were identified from 6,574 medical abstracts sourced
from PubMed. Research on Alzheimer’s disease in diagnosis and treatment still
contains some controversies and contradictions that require further verification.
The identification of contradictory knowledge claims provides new ideas for the
discovery of potentially transformative frontiers in medical research, and can
be applied to knowledge discovery based on knowledge metrics and to provide
references for credibility calculation in knowledge graphs.
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Abstract: [Purpose/Significance] Scientific research, particularly medical re-
search, is fraught with uncertainty. Identifying contradictory knowledge claims
within research helps to pinpoint “scientific divergence/inconsistent scientific
conclusions,”thereby facilitating the identification of potentially transformative
scientific research and the improvement of related studies. [Method/Process] Us-
ing Alzheimer’s disease as a case study, this research employs PubMed abstracts
as the data source and utilizes the SemRep tool for triple extraction. Identi-
fication rules characterizing contradictory knowledge claims were formulated.
Source sentences were categorized based on their degree of uncertainty, and
contradictory medical research knowledge claims expressed as triples were iden-
tified through both single-sentence and cross-sentence recognition approaches.
[Result/Conclusion] A total of 49 groups (involving 277 pairs of triples) of
contradictory knowledge claims were identified from 6,574 medical abstracts
sourced from PubMed. Research on the diagnosis and treatment of Alzheimer’
s disease still contains some controversies and contradictions that require fur-
ther verification. The identification of contradictory knowledge claims provides
new ideas for discovering potentially transformative medical research frontiers,
which can be applied to knowledge discovery based on knowledge measurement
and provide references for credibility calculation in knowledge graphs.
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Alzheimer’s disease
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The term “uncertainty”first appeared in James Mill’s 1835 publication Law
Reform [1], which noted that erroneous formulations in legal texts create ambi-
guity and uncertainty. In quantum mechanics, the A-B effect (Aharonov-Bohm
effect) implies that the microscopic world is inherently uncertain [2]. The in-
trinsic uncertainty of microscopic objects necessarily determines that knowledge
describing quantum objects is uncertain. Since knowledge reflects objects or
objective processes, scientific knowledge describing the laws of motion in the
objective world possesses uncertainty. All clinical data that medical research
relies upon—including diagnostic results, patient medical histories, and physical
examination findings—are often incomplete and carry uncertainty. Research in-
dicates that approximately 11% of sentences in biomedical abstracts from the
commonly used PubMed database employ hedging words or speculative expres-
sions [3], exhibiting high uncertainty. In its inaugural 2021 editorial, Cell noted
that understanding of scientific progress is not linear; every scientific conclusion
is measured by uncertainty, and better experiments that refute earlier hypothe-
ses represent not scientific failure but success. A good scientist should properly
confront better evidence that contradicts previous conclusions or hypotheses [4].
Identifying“scientific divergence/inconsistent scientific conclusions”in medical
research helps reveal controversies or contradictions in current research and
thereby seek better evidence to advance medical research through debate.

Alzheimer’s disease (AD) is a form of dementia. According to data from
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Alzheimer’s Disease International (ADI) [5], over 50 million people worldwide
currently suffer from Alzheimer’s disease or other types of dementia, with this
number projected to reach 152 million by 2050. According to the Chinese Geri-
atrics Association website’s 2019 data [6], China has approximately 10 million
Alzheimer’s patients, making it the country with the largest number of AD pa-
tients globally, with projections exceeding 40 million by 2050. Building upon the
principle of uncertainty and previous research on contradictory/conflict predi-
cate selection, this study formulated identification rules for triples representing
contradictory/conflict meanings. Using Alzheimer’s disease as an example,
diagnostic and therapeutic clinical knowledge claims expressed as triples and
characterized by contradictions and controversies were extracted from massive
medical texts, aiming to identify knowledge points with potential breakthrough
research tendencies in this field and provide new approaches for identifying med-
ical research frontiers while uncovering potential new diagnostic and treatment
methods.

2 Methods and Tools for Identifying Contradictory/Conflicting
Knowledge Claims
2.1 Theoretical Foundation and Related Research Progress

In The Structure of Scientific Revolutions: 50th Anniversary Edition [7],
Thomas Kuhn divides scientific research into normal science and transforma-
tive research according to the degree of paradigm shift. Normal science aims to
“solve puzzles,”working to answer current questions in a knowledge domain and
tending to discover what it expects to find—a process of continuously proposing
and verifying hypotheses. Transformative research aims to continuously
discover new phenomena and anomalies (i.e., “contradictions/conflicts”) and
attempts to explain or resolve such anomalies, ultimately generating new
theories. The relationship between these two types of research in terms of
paradigm shift degree and uncertainty level is shown in Figure 1 [Figure 1: see
original paper] [8]. Normal science corresponds to the process of hypothesis
verification, while transformative research corresponds to the process of
resolving controversies and contradictions.

According to the Oxford Dictionary (2nd edition), contradiction refers to the
existence of two or more incompatible claims describing the same proposition [9].
C. M. Chen and M. Song consider uncertain scientific knowledge to be knowl-
edge in a state of hypothesis or controversy, noting that scientific progress must
address disputed, contradictory, incomplete, and inconsistent information [10].
The principle of uncertainty provides a theoretical foundation for identifying
contradictions/conflicts in the scientific research process, thereby offering possi-
ble new approaches for identifying potentially transformative scientific research.

Regarding knowledge claims, M. W. McElroy defines them in The New Knowl-
edge Management: Complexity, Learning, and Sustainable Innovation as “con-
jectures, assertions, arguments, or theories about what potential actions may
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lead to expected results, aimed at narrowing the gap between current state and
target state”[11]. K. Peters et al. note that knowledge claims are diverse, in-
cluding theories, models, declarations, methods, and designs [12]. On one hand,
knowledge claims involve how to perform tasks or change things; on the other
hand, knowledge claims may be based on other knowledge claims, concerning
how things currently and will function or operate. Knowledge claims in scien-
tific research represent the most important content researchers want to present
to readers—the overall conclusions or results that can be understood from re-
search findings or results. Knowledge claims with opposite assertion values are
considered potentially contradictory knowledge claims [13].

The emergence of contradictions/conflicts can be divided into syntactic-level con-
flicts and semantic-level conflicts. Syntactic-level conflicts are primarily caused
by various linguistic structures, such as antonyms, negation (including direct
and indirect negation), numerical or temporal mismatches, implicit assumptions
about the degree of factual truth (including causative verbs, implicit verbs, and
non-causative verbs), modal expressions (including epistemic modal verbs and
deontic modal verbs), structures (including lexical and syntactic structures),
background knowledge, etc. [14]. Semantic-level contradictions mainly arise
from differences in interpretation and textual entailment [15]. Correspondingly,
methods for identifying contradictions/conflicts can be divided into two cat-
egories: for syntactic-level contradictions, analysis of linguistic features such
as negation, contrast, and antonyms is required; for semantic-level contradic-
tions, textual entailment between texts can be measured after removing nega-
tive propositions—if entailment holds, the text pair is considered contradictory
[16].

“Scientific divergence/inconsistent scientific conclusions”refers to situations
where two knowledge claims involve the same thing but cannot both be true,
thus being considered mutually contradictory. Focusing on measuring this
type of uncertain knowledge, some scholars have analyzed citation sentences
to evaluate researchers’assessments of uncertainty regarding scientific claims.
H. Kilicoglu et al. [17] performed sentiment analysis on citation sentences in
clinical medical research literature based on the degree of alignment between
citation sentiment and cited clinical research conclusions, where negative
sentiment indicates inconsistency with the cited clinical research conclusions.
D. Murray et al. [18] constructed cue words representing scientific disagreement
(contradict, conflict) and filter words (studies, results) to measure scientific
disagreement in citation sentences. Analysis based on citation sentences detects
co-occurrence relationships between concepts but cannot identify structured,
causal relationships representing inconsistent conclusions. Additionally, some
scholars have approached contradictory medical knowledge identification from
the perspectives of textual content analysis and knowledge units.

Regarding predicate selection and classification, A. Alamri [13] divides
predicates into active/causative categories (e.g., AUGMENTS, CAUSES),
passive/inhibitory categories (e.g., DISRUPTS, PREVENTS), and other
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categories (e.g., ADMINISTERED_{TO}, OCCURS_{IN}). G. Rosenblat et
al. [19] divide predicates into four pairs of opposing predicates with causal
meaning and four pairs without causal meaning. J. M. G. Pinto et al. [20]
selected seven predicates to identify contradictory and diverse knowledge. X.
Y. Li et al. [21] divided predicates into excitatory and inhibitory categories and
established identification rules to discover contradictory/conflicting knowledge
claims and diverse knowledge claims.

Synthesizing the above research status, this study argues that different knowl-
edge claims express different degrees of knowledge uncertainty. It is necessary
to first distinguish the degree of uncertainty based on whether source sentences
contain cue words representing uncertainty, then use the extracted triples from
source sentences as the judgment object. By extracting predicates to determine
relationships between entities and applying rules to judge whether two triples
are contradictory/conflicting, the analysis angle shifts from correlation to cau-
sation, making it easier to explain the origins of contradictions/conflicts.

2.2 Triple Extraction Tools

Commonly used triple extraction tools include Open Information Extraction
(OpenIE) [22], Goldfire [23], and SemRep [24], which target open information,
patents, and biomedical domains respectively. This study uses the SemRep
tool to extract semantic relations from biomedical texts. The subjects and ob-
jects of triples extracted by SemRep are concepts with specific semantic types
from the UMLS Metathesaurus, while predicates are sourced from extended
UMLS Semantic Network relationship types. SemRep can analyze linguistic
features such as negation, contrast, and antonyms at the syntactic level, and
reveal textual entailment at the semantic level based on identified semantic
relationships. The main types of semantic relationships SemRep can identify
include: clinically related (e.g., treats, diagnoses, process_{of}), molecular in-
teractions (e.g., interacts_{with}, inhibits, stimulates), disease etiology (e.g.,
associated_{with}, causes, predisposes), pharmacogenomics (e.g., affects, aug-
ments, disrupts), static relations (e.g., is_a, part_{of}, location_{of}), etc.,
which can meet the needs of this study for semantic predicate types.

SemRep demonstrates high precision for different types of semantic relationships.
For specific predicate domains (e.g., pharmacogenomics) and specific linguistic
structures (e.g., comparative predicates), the accuracy reaches 76% [25] and
96% [26] respectively. In sentence-level evaluation based on the standard bench-
mark corpus CDR (chemical-disease relation), when predicates were limited to
causally related semantic predicates such as “causes, affects, augments, stim-
ulates, predisposes, and associated_{with},”the extraction accuracy reached
90% [27], meeting this study’s requirements for the accuracy of extracted triples.
SemRep offers four usage modes: web interaction, batch processing, API remote
call, and local installation. This study adopts batch processing mode for triple
extraction, using version 1.8, with output in txt format.
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2.3 Methods and Rules for Identifying Contradictory/Conflicting
Knowledge Claims

The overall identification approach for contradictory/conflicting knowledge
claims is shown in Figure 2 [Figure 2: see original paper]. Before conducting
single-sentence and cross-sentence recognition, the uncertainty degree of source
sentences must be determined. If source sentences contain cue words such as
“may,”“could,”or “might”indicating high uncertainty, they are classified into
the high-uncertainty knowledge claim identification process; otherwise, they
are classified into the low-uncertainty knowledge claim identification process.

Contradictory/conflicting knowledge claim identification is divided into two cat-
egories: single-sentence recognition and cross-sentence recognition [21].

For single-sentence recognition, sentences can be checked for explicit cue words
such as“controversial,”“debatable,”“contentious,”“contradictory,”“contrary,”“op-
posing,”and “conflicting”to determine whether the sentence contains contra-
dictory/conflicting implications, then extract triples from the sentence.

This study defines the triple representation as T_{in} = (C_{i1}, R_{in},
C_{i2}), extracted from sentence S_i, where C_{i1} is the subject, C_{i2} is
the object, and R_{in} is the predicate of triple T_{in}. The cue word set is
defined as M = {W1, W2, ⋯, Wn}, N as the set of all words constituting S_i
{N_{i1}, N_{i2}, ⋯, N_{in}}, and U as the set of triples containing contradic-
tions/conflicts. The single-sentence recognition rules are:

Input S_i // Input sentence S_i
If N � M ≠ 𝜙 // If S_i contains any cue word from set M
Then T_{in} = (C_{i1}, R_{in}, C_{i2}) � U // Then the triple T_{in}
extracted from S_i is a contradictory/conflicting triple

For cross-sentence recognition, judgments can be made based on the following
rules: extract two or more“Subject-Predicate-Object (SPO)”triples from scien-
tific claims that share the same subject and object but have opposite predicate
semantic types.

Define another triple T_{jm} = (C_{j1}, R_{jm}, C_{j2}), extracted
from sentence S_j. Define the contradictory semantic predicate pair set P
= {(R_{i1}, R_{j1}), (R_{i2}, R_{j2})⋯, (R_{in}, R_{jm})} and V as
the set of mutually contradictory/conflicting triple pairs. The cross-sentence
recognition rules are:

Input T_{in}, T_{jm} // Input triples T_{in} and T_{jm}
If C_{i1} = C_{j1}, C_{i2} = C_{j2}, (R_{in}, R_{jm}) � P // If triples
T_i and T_j have the same subject and object, and the predicate pair comes
from any element in set P
Then (T_{in}, T_{jm}) � V // Then triples T_{in} and T_{jm} extracted
from S_i and S_j respectively are contradictory/conflicting triple pairs

Based on requirements, this study selected semantic relationship types closely
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related to clinical diagnosis and treatment from the numerous types SemRep
can identify. The main predicates include: treats, causes, prevents, predis-
poses, augments, disrupts, stimulates, inhibits, with their negated forms (e.g.,
neg_{treats}) also considered. The resulting opposite predicate pairs are shown
in Table 1 , including predicate pairs involving causal relationships and those
lacking causal relationships. If two triple pairs share the same subject and ob-
ject, and their predicates are contradictory predicate pairs listed in Table 1,
they are determined to be contradictory knowledge claim pairs.

Table 1 shows the semantic predicate pairs representing contradictory relation-
ships used in this study, including both causally related and non-causally related
predicate pairs.

An example pair of contradictory knowledge claims identified using the above
rules is shown in Table 2 . Sentences 31895707.ab.1 [28] and 32476013.ti.1 [29]
express contradictory knowledge claims due to the opposing predicate pair“pre-
disposes”and“neg_{predisposes}”—namely, whether“proton pump inhibitors”
do or do not increase the risk of “dementia.”

3 Identification Results of Contradictory/Conflicting
Knowledge Claims
3.1 Data Acquisition and Processing

Scientific literature is the primary carrier of scientific knowledge and can be
understood as records of knowledge claims that address scientific questions and
provide evidential support. PubMed (https://pubmed.ncbi.nlm.nih.gov/) is a
database providing citations and abstracts for biomedical literature, developed
by the U.S. National Library of Medicine (NLM). It currently contains over 32
million biomedical literature citations and abstracts from MEDLINE, life sci-
ence journals, and online books, serving as a frequently used literature retrieval
platform for medical researchers.

Therefore, this study uses PubMed as the data source for contradictory knowl-
edge claim identification. The credibility of evidence/claims differs across liter-
ature types [19]. In the real world, compared with case studies, randomized con-
trolled trials (RCT) and systematic reviews have higher levels of clinical evidence
[30] and can extract more credible and accurate contradictory/conflicting dis-
coveries from supporting sentences. Consequently, this study uses“Alzheimer’s
Disease”as the topic, limits document types to clinical guidelines, meta-analyses,
clinical trial articles, comparative studies, and other literature types with higher
credibility and accuracy, and retrieves English articles published in the past 10
years. The retrieval date was January 26, 2021. The expanded search query
was:

(“alzheimer disease”[MeSH Terms] OR (“alzheimer”[All Fields] AND“disease”[All
Fields]) OR“alzheimer disease”[All Fields] OR (“alzheimers”[All Fields] AND
“disease”[All Fields]) OR“alzheimers disease”[All Fields]) AND ((y_{10}[Filter])
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AND (clinicalstudy[Filter] OR clinicaltrial[Filter] OR clinicaltrialphasei[Filter]
OR clinicaltrialphaseii[Filter] OR clinicaltrialphaseiii[Filter] OR clinicaltrialpha-
seiv[Filter] OR comparativestudy[Filter] OR controlledclinicaltrial[Filter] OR
guideline[Filter] OR meta-analysis[Filter] OR multicenterstudy[Filter] OR prac-
ticeguideline[Filter] OR pragmaticclinicaltrial[Filter] OR randomizedcontrolled-
trial[Filter] OR systematicreview[Filter]) AND (english[Filter]))

Using this search query, 6,574 articles related to“Alzheimer’s Disease”published
in the past 10 years were retrieved from PubMed. Article abstract information
(including titles and PMID numbers) was imported into the SemRep tool. After
steps including tokenization, lexical/syntactic analysis, phrase mapping, seman-
tic predicate normalization, and concept semantic type constraints, a total of
45,674 triple pairs involving 76,635 sentences were obtained. Based on whether
sentences contained cue words such as “may,”“could,”or “might”indicating
high uncertainty [31], the 76,635 sentences were divided into two categories:
those with higher uncertainty (containing “may,”“could,”“might,”etc.) and
those with lower uncertainty (without such cue words). Single-sentence and
cross-sentence identification of contradictory/conflicting knowledge claims was
then conducted according to the rules in section 2.3. The specific experimental
process and results are shown in Figure 3 [Figure 3: see original paper].

After removing source sentences from which triples could not be extracted, the
final number of source sentences and triples included in the analysis is shown
in Table 3 . After identifying contradictory/conflicting triple pairs according to
the rules, experts reviewed the extraction results to obtain final results.

3.2 Identification of Contradictory/Conflicting Knowledge Claims
with Higher Uncertainty

Based on the presence of cue words such as“may,”“could,”and“might,”3,774
sentences were selected from the 76,635 sentences, yielding 2,890 triple pairs
from 1,702 valid sentences (some sentences contained high-uncertainty words
but could not yield triples). The analysis proceeds separately for single-sentence
and cross-sentence recognition.

3.2.1 Single-Sentence Identification of Contradictory/Conflicting
Knowledge Claims with Higher Uncertainty According to the identifi-
cation rules established in section 2.3, the first step is to check whether the 1,702
sentences contain cue words: “controversial,”“debatable,”“contentious,”“con-
tradictory,”“contrary,”“opposing,”and “conflicting.”Sentences containing
these cue words are determined to be statements with contradictory/conflicting
implications, and triples are then extracted. After screening and expert
judgment, 5 triple pairs from 3 sentences were obtained (see Table 4 ). For
example, sentence 30098211.ab.1 [32] shows that the relationship between
benzodiazepines and dementia is questionable and requires further verification.
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3.2.2 Cross-Sentence Identification of Contradictory/Conflicting
Knowledge Claims with Higher Uncertainty After removing the 5 triple
pairs identified in section 3.2.1, cross-sentence identification was performed
on the remaining 2,885 triple pairs according to the rule “same subject
and object, opposite predicate semantic types.”Three groups representing
contradictory/conflicting knowledge claims were identified, involving 13 triple
pairs. After expert evaluation, one group was retained (see Table 5 ). Sentence
21647938.ab.3 [33] states that brain-derived neurotrophic factor (BDNF) may
contribute to the development of AD (Brain-Derived Neurotrophic Factor-
predisposes-Alzheimer’s Disease), while sentence 31518516.ab.8 [34] indicates
that BDNF may not be an optimal biomarker for AD diagnosis, meaning its
relationship with AD is not significant (Brain-Derived Neurotrophic Factor-
neg_{predisposes}-Alzheimer’s Disease). The knowledge claims expressed by
these two triple pairs are controversial.

3.3 Identification of Contradictory/Conflicting Knowledge Claims
with Lower Uncertainty

3.3.1 Single-Sentence Identification of Contradictory/Conflicting
Knowledge Claims with Lower Uncertainty Excluding the 3,774 high-
uncertainty sentences from section 3.2, there were 72,861 sentences without
“may,”“could,”“might,”or similar cue words. After processing and removing
sentences from which triples could not be identified, 42,775 triple pairs from
25,394 valid sentences were obtained. The analysis proceeds separately for
single-sentence and cross-sentence recognition.

Using the screening method from section 3.2.1, the first step is to check whether
the 25,394 sentences contain cue words: “controversial,”“debatable,”“con-
tentious,”“contradictory,”“contrary,”“opposing,”and “conflicting.”Sentences
containing these words are determined to be statements expressing contradic-
tion/conflict, and triples are then extracted. After initial screening, 76 sentences
containing these cue words were found, yielding 125 triple pairs. After secondary
screening, 13 triple pairs related to AD diagnosis and treatment from 12 sen-
tences were obtained. After expert review, 10 contradictory/conflicting triple
pairs from 9 sentences were finalized (see Table 6 ).

For example, existing research indicates that the role of antioxidants in AD
prevention, the therapeutic effects of Ginkgo biloba extract EGb761 and me-
mantine on AD, whether the vascular endothelial growth factor (VEGF) gene
is a risk factor for AD, and the preventive effects of supplementation are all
controversial or contradictory.

3.3.2 Cross-Sentence Identification of Contradictory/Conflicting
Knowledge Claims with Lower Uncertainty After removing the 125
triple pairs identified in section 3.3.1, cross-sentence identification was per-
formed on the remaining 42,650 triple pairs from 25,318 valid sentences.
According to the rules established in section 2.3, 87 groups representing con-
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tradictory/conflicting knowledge claims were identified, covering 807 sentences.
Since this study focuses on AD-related diagnostic and therapeutic knowledge
claims, triples with universal subjects (e.g., diagnosis) or objects (e.g., patients,
disease, persons) were excluded from the research scope. Additionally, sen-
tences from titles are often neutral statements (especially in review articles) and
cannot yield conclusive knowledge claims, so triples extracted from titles were
removed. After processing, 64 groups of contradictory/conflicting triple pairs
related to AD diagnosis and treatment were obtained, covering 490 sentences.
After expert review, 36 groups comprising 259 triple pairs were finalized.

Based on the extraction results, triple pairs related to Alzheimer’s disease can
be divided into diagnostic and therapeutic categories. Table 7 shows that in AD
diagnosis, general anesthesia, impaired cognition, neurogranin, and tau proteins
are closely related to AD etiology, pathology, or pathogenesis, but the relevant
mechanisms remain highly controversial.

The National Health Commission’s “Diagnostic and Treatment Standards for
Mental Disorders (2020 Edition) - Alzheimer’s Disease”[35] states that the
pathological changes in AD are mainly characterized by senile plaques (SP),
neurofibrillary tangles (NFT), and neuronal loss. The center of SP is 𝛽-amyloid
protein (A𝛽), and the imbalance of A𝛽 production and clearance is the initi-
ating factor for neuronal degeneration and dementia. The main component of
NFT is tau protein, and A𝛽 induces a series of pathological processes including
tau hyperphosphorylation, inflammatory responses, and neuronal death. Addi-
tionally, neurotransmitter abnormalities (including acetylcholine, monoamine,
amino acid, and neuropeptide systems) are also major symptoms in AD pa-
tients. The AD diagnosis-related contradictory triples identified in this study
are largely consistent with the content of these diagnostic standards, indicating
that the identification results are relatively accurate and can serve as a reference
point for subsequent research improvement.

Corresponding to the “Diagnostic and Treatment Standards for Mental Disor-
ders (2020 Edition) - Alzheimer’s Disease,”this study divides identified AD
treatment methods into drug therapy and non-pharmacological interventions.
In terms of drug therapy (see Table 8 ), the roles of agonists, antidiabetics, non-
steroidal anti-inflammatory agents, antioxidants, aspirin, calcium channel block-
ers, cholinesterase inhibitors, donepezil, hydroxymethylglutaryl-CoA reductase
inhibitors, intravenous immunoglobulins, insulin, insulin-like growth factor I,
memantine, monastrol, proteins, testosterone, vitamin D, and vitamin E in
treating AD or dementia and improving cognitive and neuropsychiatric symp-
toms (such as depression) remain contradictory or controversial.

In terms of non-pharmacological interventions (see Table 9 ), the therapeutic
effects of physical activity, prophylactic treatment, and other methods on AD,
dementia, cognition, or neuropsychiatric symptoms still contain some contradic-
tions or controversies.
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4 Discussion
4.1 Triple-Based Contradictory/Conflicting Knowledge Claim Identi-
fication Provides a New Approach for Knowledge Discovery

Currently, academic literature measurement research is undergoing a transfor-
mation from focusing on external characteristics to content characteristics, and
from syntactic features to semantic and even pragmatic features [36]. Frontier
identification methods based on citations display relationships between entities
through concept co-occurrence, showing only correlation without causal nature.
For example, drug-disease co-occurrence cannot determine whether a drug has
therapeutic effects or induces adverse events. Knowledge unit identification
based on triples deepens the approach from bibliometrics to knowledge metrics.
Unlike currently prevalent methods for identifying research hotspots or frontiers
based on highly cited papers, triples can reveal what kind of relationship exists
between entities and “how”they interact, making it easier for researchers to
accurately understand interaction mechanisms and conduct targeted follow-up
research. Identifying existing contradictory/controversial knowledge claims can
provide references for researchers to identify research frontiers where consensus
has not been reached, help solve practical problems, and uncover potential new
methods, technologies, and knowledge.

Meanwhile, during the process of identifying contradictory/conflicting knowl-
edge claims, understanding the timing of different knowledge claims in each
group (see Figure 4 [Figure 4: see original paper]) can roughly reveal how a
research question evolves over time, dynamically understand the development
stage of contradictory/controversial knowledge claims, and provide reference
points for problem-solving entry points. Using hydroxymethylglutaryl-CoA re-
ductase inhibitors as an example, Figure 4 illustrates the evolution of research on
their interaction with AD (for display purposes, predicates were assigned values
according to their positive/negative meanings and uncertainty degree: “pre-
vents”= 1,“treats”= 2,“predisposes”= -1). A 2018 study [37] raised questions
about the therapeutic or preventive effects of statin hydroxymethylglutaryl-CoA
reductase inhibitors on AD, suggesting that“fungus-derived statins”are associ-
ated with increased AD risk, providing different research conclusions that help
advance existing studies on the mechanism of statins’effects on AD.

4.2 Measuring Knowledge Uncertainty Degree Provides Reference for
Knowledge Graph Credibility Calculation

This study uses the presence of high-uncertainty cue words such as“may,”“could,”
and “might”in source sentences as the basis for classification, dividing pro-
cessed source sentences into high-uncertainty and low-uncertainty sentences,
then conducting single-sentence and cross-sentence identification respectively.
The triples extracted thereby have different uncertainty degrees. Clinical
decision-making is full of uncertainty; doctors’decision-making is a process
from“knowledge”to“wisdom,”addressing the question of“how to make optimal
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decisions under uncertain conditions.”In the cross-sentence identification results
shown in Tables 7-9, the frequency of predicate occurrence is marked, which can
be used to calculate the frequency of a specific triple pair within its knowledge
claim group as a basis for quantifying the uncertainty degree of specific triples.
This also provides deterministic degree or confidence references for building
knowledge graphs supporting clinical decision-making. Complete knowledge
units can provide evidence sources for knowledge claims. Accordingly, when
constructing knowledge graphs, the probability of interaction between subjects
and objects in triples can be marked to provide more convincing references for
clinical decision-making based on knowledge graphs.

4.3 Determination of Contradictory/Conflicting Knowledge Claims
Requires Professional Involvement

This study identified contradictory/conflicting knowledge claims based on uncer-
tainty degree classification, identifying 15 groups (18 triple pairs) from single
sentences and 67 groups (503 triple pairs) from cross sentences, totaling 521
triple pairs. After expert review, 372 triple pairs were determined to be accu-
rately identified, yielding an accuracy rate of 71.4%. After removing triple pairs
that could not constitute contradictory/conflicting relationships due to identifi-
cation errors, 49 groups (covering 277 triple pairs) of contradictory/conflicting
knowledge claims were finalized. Analysis reveals the following limitations:

(1) Triple identification contains errors. One type involves named entity recog-
nition errors (see Table 10 ), and another involves semantic relationship
(predicate) extraction errors (see Table 11 ). Although SemRep’s accuracy
for identifying different semantic relationship types ranges from 59%-96%
[27], basically meeting requirements, expert review and correction of iden-
tified triples are still necessary.

(2) Cue words and identification rules representing contradiction/conflict need
optimization. Although this study expanded the range of cue words rep-
resenting contradiction/conflict (from 3 to 7) compared with existing re-
search, further supplementation and optimization are needed. For cross-
sentence identification rules, some scholars have listed predicate pairs rep-
resenting contradiction/conflict, while others divide predicates into ex-
citatory and inhibitory groups representing contradiction/conflict. The
first method clearly reveals causal relationships in identified triples but
is limited by the number of identification rules, resulting in fewer iden-
tified knowledge claims. The second method facilitates identification of
more contradictory/conflicting knowledge claims but cannot clearly ob-
tain causal relationships in triples. Both methods have advantages and
disadvantages, and selection should be based on research needs.
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Conclusion
Research frontiers in various disciplines represent difficulties, hotspots, and de-
velopment trends, guiding the direction of scientific development in various
countries. In 2016, the State Council issued the “National Innovation-Driven
Development Strategy Outline”[38], stating that to achieve the grand goal of
building a world science and technology innovation powerhouse by 2050, it is
necessary to“strengthen original innovation toward scientific frontiers, strive to
lead world scientific research directions in more fields,”and“promote transforma-
tive research, actively exploring new ideas, new discoveries, new knowledge, new
principles, and new methods.”Against the background of many countries world-
wide regarding innovation-driven development as a core strategy for seeking
competitive advantages, identifying scientific research frontiers and conducting
transformative research are necessary means to enhance innovation capabilities
at scientific frontiers and win development initiative.

This study takes Alzheimer’s disease as an example, adopts the transforma-
tive research identification method based on contradiction/conflict detection
from the principle of uncertainty, formulates knowledge claim identification
rules representing contradictory/conflicting meanings, and identifies contradic-
tory/controversial clinical knowledge claims expressed as triples from massive
medical texts. The results were compared and verified with the content of
the “Diagnostic and Treatment Standards for Mental Disorders (2020 Edition)
- Alzheimer’s Disease”issued by the National Health Commission. The final re-
sults show that the scope of identified contradictory/conflicting triple groups is
largely consistent with the guideline content regarding AD diagnosis and treat-
ment, and the identification results of contradictory knowledge claims highly
align with current research directions. This experiment validates the identifi-
cation of uncertain knowledge claims based on contradiction/conflict, helps dis-
cover potential research frontiers related to Alzheimer’s disease research that
remain controversial, and can provide references for guiding related research.
Future work will further expand this method in directions including optimizing
uncertainty degree measurement methods, extending from declarative sentences
to citation sentences, and enriching cue words and identification rules represent-
ing contradiction/conflict.
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