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ABSTRACT The lack of evidence grading and translation standards for functional antimicrobial textile
terminology has led to ambiguous definitions, inconsistent sources, and confusing translations, which
hinders technology dissemination, standard mutual recognition, and international market compliance.
This problem is particularly important for functional textiles, where antimicrobial performance, material
structure, testing methods, and related technical terms need to be accurately expressed in international
standards and engineering communication. In addition, with the development of multifunctional textiles,
including electromagnetic shielding fabrics and wearable antenna substrates, terminology consistency has
become increasingly relevant to interdisciplinary technical exchange. Focusing on these issues, this study
constructs a GRADE (Grading of Recommendations Assessment, Development, and Evaluation) evidence
grading analysis model to assess the authority of 187 core terms and conduct a quantitative analysis of
their Chinese-English translation consistency. The results show that high-evidence terms, accounting for
37.97%, exhibit significantly greater translation stability, with a Mainstream Translation Coverage (MTC)
of 91.3%, a Kappa consistency coefficient of 0.82, and a variation rate of only 2.1%. In contrast, low
and very-low-evidence terms, accounting for 30.2%, have an MTC of only 42.6%, a Kappa value of
0.35, and a variation rate of 7.8%. The difference is highly significant according to an independent
samples t-test. Spearman correlation analysis confirms a strong positive correlation between evidence
grade and translation consistency (p = 0.68, p < 0.001), indicating that term authority is a key structural
variable driving translation standardization. This study fills the gap in empirical research on terminology
standardization and provides a quantifiable evaluation tool for functional textile terminology translation.

INDEX TERMS functional antimicrobial textiles, terminology standardization, evidence grading,

electromagnetic shielding textiles, translation consistency

I. INTRODUCTION

Antimicrobial textiles are an important part of the global
health industry, and the market size is showing a significant
growth trend [1,2]. The global antimicrobial textile market
is expected to grow from US$10.7 billion to US$14.7 billion
by 2026, with a compound annual growth rate of 6.5%
from 2021 to 2026 [3]. This growth trend is a testament
to the increased health awareness and expanded healthcare
needs of global consumers after the COVID-19 pandemic,
and the application of nanotechnology in antimicrobial
materials [4]. However, the contradiction between the rapid
development of the industry and the lagging standardization
of terminology is becoming increasingly prominent [5,6].
The fuzzy definition of terminology and the confusion in
translation have become key bottlenecks restricting technol-
ogy dissemination, international compliance and consumer
awareness [7]. The misuse of terminology has a negative
impact on the actual performance of products and the serious
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deviation from the promotional claims, which increases the
cost of compliance. At the level of grade definition, there
are significant differences between different standards, such
as the industry standard FZ/T 73023-2006 and interna-
tional standards ISO 20743:2021 lacking a unified threshold
for the grading of “antimicrobial performance” [8,9]; the
Chinese translations of “antibacterial” (targeting bacteria)
[10] and “antimicrobial” (covering bacteria, fungi, viruses,
etc.) [11] are often confused. In marketing, “antimicrobial
spray” that kills a variety of microorganisms is mistak-
enly labeled as “antibacterial spray”, causing consumers to
misjudge the product’s function. This confusion in grading
standards and translation definitions affects product quality
control and weakens the international market’s trust in
Chinese antimicrobial textiles. The field of international
terminology is centered on Sager’s “Term Generation Prin-
ciples” and ISO 1087’s terminology classification system,
proposing that terminology must meet the characteristics
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of “decontextualization” and “written priority” [12,13]. In
China, although the group standard “Antibacterial Textiles”
attempts to standardize the scope of application of terms,
China has not yet established a national standard system
for antibacterial textiles covering the entire industry chain.
The existing binding documents are still mainly FZ/T indus-
try standards (FZ/T 73023-2006, FZ/T 01071-2008, FZ/T
70006-2022, etc.) [14-16]. The existing national standards
system does not cover the entire industry chain, and there
are problems such as mixed terminology, inconsistent indi-
cators, and inconsistent translations. Furthermore, it lacks
interdisciplinary theoretical integration and a systematic
quantitative evaluation framework for the scientific nature of
terminology and translation quality. This study draws on the
GRADE evidence grading concept and framework widely
used in evidence-based medicine and adapts it to the field
of terminology [17]. At the same time, the Delphi method
[18,19] provides a scientific tool for terminology grading.
A quantitative index system is constructed to measure the
consistency of its translation, supplemented by quantitative
indicators such as the Kappa coefficient [20,21]. This study
aims to construct an integrated GRADE evidence grading
analysis model, clarify the evidence strength and translation
adaptability of antimicrobial textile terms through evidence-
based methods, and provide a theoretical framework and
empirical basis for the formulation of industry standards.
This study draws on the concept of evidence grading in
evidence-based medicine and applies it systematically to
terminology research in the textile field, constructing an
analytical framework centered on the strength of evidence,
thereby providing verifiable evidence-based basis for termi-
nology standardization. Based on the systematic evaluation
of 187 core terms, only 37.97% of the terms reach a high
level (Evidence Level 4), and the translation consistency is
significantly better than that of low-level terms (91.3% vs.
42.6%). The practical significance is reflected in providing
an operational evaluation tool for corporate compliance pub-
licity, consumer rights protection and international standard
docking.

Il. DESIGN AND METHODS

This study adopts an interdisciplinary approach of evidence-
based medicine and terminology. The research framework is
shown in Figure 1.

Figure 1 details the technical approach of this paper.
The first phase constructs a four-tiered evidence grading
system based on authority, citation frequency, and stan-
dard adoption, drawing on the GRADE evaluation sys-
tem and the Delphi expert scoring method. The second
phase constructs a bilingual terminology corpus covering
international standards, academic literature, and industry
texts. The third phase uses Natural Language Processing
(NLP) technology to identify terminology translation vari-
ants, combining semantic clustering with expert verification
to calculate translation consistency indicators. In the fourth
phase, Spearman rank correlation analysis is used to verify
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the core assumption that “the higher the level of evidence,
the more consistent the translation”, and stratification and
robustness tests are performed. Finally, a list of standardized
terms, translation guidelines, and policy recommendations
are output.

A. CONSTRUCTION OF GRADE-BASED FRAMEWORK
FOR GRADING EVIDENCE

1) Classification of Evidence Sources

The classification of sources of evidence follows a three-
level standard:

(1) International/national standards: including officially pub-
lished industry or national standard documents such as
ISO, AATCC (American Association of Textile Chemists
and Colorists), GB/T, and FZ/T, which are considered the
highest level of evidence sources because of their mandatory
or recommended regulatory effect;

(2) Peer-reviewed academic literature: including journal
articles, dissertations and authoritative textbooks indexed
by SCI/EI (Science Citation Index/Engineering Index), re-
flecting academic consensus and cutting-edge knowledge,
serving as mid- to high-level evidence support;

(3) Industry application texts: including company product
manuals, technical white papers, patent documents, industry
association reports and government regulatory announce-
ments, etc. Although their authority is lower than that of
standards and academic literature, they reflect the actual
industry usage context and serve as a supplementary source
of evidence.

The above three types of sources together constitute a
multidimensional evidence pool, which is used for subse-
quent term definition extraction, evidence level assessment,
and translation consistency analysis to ensure that the re-
search has both theoretical rigor and practical applicability.

2) Evidence Level Assessment Criteria

The quality of evidence was assessed using the GRADE
standard, combined with the Delphi method to calculate
expert authority. All assessments were based on the “Func-
tional Antimicrobial Textiles” corpus constructed in this
study. This corpus system includes core standards, high-
level journal articles, patents, and industry white papers
closely related to the field, while excluding texts with low
relevance, representing a carefully selected collection of
texts within the field. Based on this, terminology authority
was categorized into four levels, as shown in Table 1.

As shown in Table 1, the authority score is cal-
culated as follows: Score=Authoritativenessx(0.4+Citation
Frequency x 0.3+ Standard Adoption Degreex0.3. Four lev-
els of evidence are defined:

high level (average score > 4.5): such as “antibacterial rate”
adopted by ISO 20743, with a citation frequency > 70%;
medium level (3.5-4.4): such as “long-lasting antibacterial”
adopted by industry white papers, with a citation frequency
of 30%-70%;

VOL. 15, NO. 3, AUGUST 2026



HAN N TEXTILE & LEATHER REVIEW | 2026 | 9 | 3969-3989

JOURNAL
¢ ORG

AE

Phase 1: Evidence-Based Terminology Grading

Source Classification Evidence Level Rating
| International/Mational Standards I
ISO/AATCCIGB

Delphi Expert Scoring

‘ GRADE Framework ‘

Phase 2: Bilingual Corpus Construction

Corpus Sources lion Rules

[Stznnarﬂs IS0 20743 GB T 20944J ‘ Consistency Principle Single Annotator |

Academic Literature } Context Preservation |

| Peer Reviewed Academic Literature SCI/EI I

| Industry Application Texts Patents White
Papers.

Four Level Classification

‘ Weighted Score

Patents USPTO CNIPA 500 Each ‘

Metadata Completeness |

Phase 3: Tr

Term Variant Identification Semantic Clustering

Consistency Metrics Calculation

| NLP Pipeline Python NLTK spaCy ] ‘ Hierarchical Clustering Method

| Variant Rate Number of Variants Divided by Total Occurrences

I Fuzzy Matching Jaro Winkler Algorithm }

‘ Similarity Metrics Edit Distance WordNet Standard Match I

Kappa Coefficient Formula for Agreement Between Sources

I Contextual Extraction Term Plus Surrounding Text J ‘

Expert Validation Three Domain Experts

| Mainstream Coverage Mainstream Frequency Over Total Frequency

1

Phase 4: Statistical Analysis and Hy is Testing

Variable Operationalization Spearman Rank Correlation Test

Correlation Coefficient Rho Stralified Analysis by Frequency Output: Evidence Driven Terminology M
Inaepende;l;:rag:m:asEvbf:me Level | Calculation Source Function Category —’
Policy
- for
N m Significance Level p less than 0.05 Robustness Check Bootstrap
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FIGURE 1. Research framework and technical route

TABLE 1. Rules for determining the authority of terms

Evaluation Dimension High (4-5points)

Medium (3 points)

Low (2 points) Very Low (1 point)

Authoritativeness Clearly derived from

Derived from authorita-

Mainly from general Mainly from commer-

formal standards at tive industry organiza- academic journals or cial promotional ma-
the international or na- tion documents or high- technical patents, with terials or non-pro-
tional level, with stable level peer-reviewed limited authority fessional information
and explicit normative journals, with strong sources

binding professional
tion
Citation Frequency Used in over 50% of Used

the comprehensive re-
trieval corpus, show-
ing stable recurrence
across different sources

Standard Adoption De-
gree

Clearly defined and
continuously adopted
in two or more interna-
tional or national-level
standards

in 20%-50% of
the comprehensive re-
trieval corpus, showing
relatively concentrated
usage in some literature

Formally adopted by a
single standard or mul-
tiple authoritative in-
dustry organizations

recogni-

Used in less than 5% of
the comprehensive re-
trieval corpus, appear-
ing sporadically or occa-
sionally

Used in 5%-20% of
the comprehensive re-
trieval corpus, usage is
scattered and context-
dependent

Not adopted in any nor-
mative documents, ap-
pearing only in individ-
ual texts or promotional
materials

Not yet adopted in nor-
mative standards, only
discussed at the acade-
mic or technical level

low level (2.5-3.4): such as “intelligent antibacterial” only
used in general journals;

very low level (<2.5): such as “ultra-broad-spectrum an-
tibacterial” in commercial publicity.
All eligible participants signed an informed consent form.

B. CONSTRUCTION AND PROCESSING OF BILINGUAL
PARALLEL CORPUS

To unify terminology identification boundaries and annota-
tion formats and ensure corpus comparability, the following
principles are usually followed.

Consistency principle [22]: all annotations are completed by
the same person or follow the same set of criteria, or cross-
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checked by multiple people to ensure the consistency and
reliability of the annotation results;

Context preservation principle [23]: when extracting a term,
the original sentence or paragraph in which it is located
must be retained as context, which is crucial for determining
the exact meaning of the term and the accuracy of the
translation;

Metadata integrity principle [24]: all annotation fields of
each term entry should be filled in as completely as possible
to provide a data basis for subsequent statistical analysis and
correlation testing.
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1) Corpus Sources and Selection Criteria

The corpus sources include multiple types of authoritative
texts: international standards (ISO 20743:2021, AATCC
100-2020), national standards (GB/T 20944.2-2007), aca-
demic literature (300 Web of Science papers), and patent
literature (500 patents each from the USPTO (United States
Patent and Trademark Office) and CNIPA (China National
Intellectual Property Administration)). The annotation rules
follow two principles: the context retention principle (re-
taining the original sentence when extracting terms) and
the metadata integrity principle, including fields such as
source type, publication year, and text type. Corpus se-
lection is based on the quantitative evaluation method for
antimicrobial properties in the ISO 20743:2021 international
standard to ensure that the terms are directly related to the
antimicrobial function.

2) Term Extraction and Standardized Annotation Process
The term extraction targets semantic units that express
complete technical concepts in the field of functional an-
tibacterial textiles, mainly including: noun phrases (such as
“antibacterial efficacy”), adjective + noun structures (such
as “durable antibacterial function”), gerunds or verb phrases
(such as “inhibiting bacterial growth”), and abbreviations
such as standard numbers (such as “GB/T 20944”). When
extracting, it is necessary to ensure that the terms are inde-
pendent and clearly expressed semantic entities, and avoid
extracting fragments. For example, “antibacterial textile”
should be extracted instead of “antibacterial”, or “quanti-
tative antibacterial test method” should be extracted instead
of isolated “quantitative” or “test method” [25]. Table 2
shows the standardized annotation specifications of the term
corpus, which defines 12 core fields and their data types,
mandatory fields, uses, and annotation rules.

C. QUANTITATIVE EVALUATION MODEL FOR
TRANSLATION CONSISTENCY

1) Term Variant Identification and Clustering Strategy

Based on the collected Chinese-English bilingual texts,
the term extraction process integrates rule-based methods
with adapted named entity recognition technology. In the
specific implementation, the NLTK and spaCy tool libraries
are first called through the Python environment for basic
text processing [26]. The initial localization of terms relies
on rule-based methods, including keyword matching, part-
of-speech tagging, and dependency parsing, to accurately
capture terms and their contextual information. Subse-
quently, by combining regular expressions and the Jaro-
Winkler similarity algorithm, different Chinese translation
variants that may correspond to the same English term
are systematically identified. After completing the initial
variant identification, semantic clustering is required to
distinguish between “substantially synonymous variants”
and “semantic deviation variants”. A hierarchical clustering
algorithm is used, with “semantic similarity” as the core
clustering basis. Semantic similarity calculation integrates
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the following dimensions: literal similarity (edit distance
and character overlap rate); semantic field relevance through
WordNet whether it belongs to the same concept domain
[27]; authoritative definition comparison. Although “broad-
spectrum antibacterial” and “wide-spectrum antibacterial”
use different words, their core semantics both point to
“covering a variety of microbial types” and can be used
interchangeably in some literature, so they are classified into
the same semantic cluster; while “extensive antibacterial” is
similar in wording, but “broad” focuses on the breadth of
scope rather than the diversity of microbial species, which is
easy to cause ambiguity, so it is classified as an independent
cluster. The clustering results are marked with Cluster_ID,
and each cluster represents a relatively independent set of
translation variants in terms of semantics, which facilitates
the subsequent consistency analysis by cluster. After clus-
tering, each cluster’s translations are semantically annotated
and assessed for mainstream significance. Three terminolo-
gists with backgrounds in textile materials science provide
semantic interpretation, authority rating, and mainstream
assessment for each cluster’s translations. Each translation is
accompanied by a “semantic annotation” detailing its accu-
racy, applicable context, and potential misleading effects.
Consumers may misinterpret “broadly antimicrobial” as
“applicable to all scenarios”, a term that lacks professional
definition. The results of term variant identification and
clustering serve as the basis for the subsequent calculation
of consistency metrics. The variant rate measures the degree
of dispersion in term translations, i.e., the average number of
Chinese translations corresponding to an English term. The
mainstream translation coverage rate reflects the dominance
of mainstream translations in actual usage.

2) Definition and Calculation of Core Consistency Indicators
Defining and calculating key indicators reflecting translation
uniformity, Table 3 is used to quantitatively analyze the
clustered terms, which is the key to verifying the core
hypothesis of the paper.

Note: the pinyin of Guangpu Kangjun stands for broad-
spectrum antibacterial; the pinyin of Kuanpu Kangjun stands
for wide-spectrum antibacterial; the pinyin of Guangfan
Kangjun stands for extensive antibacterial.

Table 3 shows the number of Chinese translations for
each English term (three in this example). A higher coverage
rate of mainstream translations indicates higher translation
consistency (86.5% in this example, indicating high consis-
tency). Using Source_Type, the sources of systematic bias
can be analyzed. The results show that non-mainstream
translations (e.g., “broad-spectrum antibacterial”) mainly
originate from academic literature. These variants may
have similar core semantics to mainstream translations,
but because they have not been adopted by authoritative
standards or have not formed a consensus in the normative
context, they are defined as non-standard variants in the
standardization assessment. This reflects the diversity in
translation practice and the practical tension faced in seeking
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TABLE 2. Example table of terminology corpus

Field Data Type  Required Explanation Annotation Rules
ID Number Yes Unique identifier. Auto-increment.
Source_File Text Yes Source file name. For tracing original context.
Source_Type Text Yes Evidence Source Classification. Standard/ Academic Literature/Industry
Text
Pub_Year Number Yes Publication year. For analyzing term evolution over time
Text_Type Text Yes Detailed text type. International Standard/National Standard/
Research Article/Review/ Patent/Product
Datasheet/Technical White Paper
Original_Term Text Yes Term in source language. Broad-spectrum antimicrobial Extract pre-
cisely
Original_Context  Text Yes Sentence or paragraph where the -
term appears in the source language.
Translation Text Yes Corresponding translation in target Obtained from official translations
language.
Translated_Context Text No Sentence or paragraph where the -
translated term appears in the target
language.
Mainstream Boolen Yes Flag indicating whether translationis  Yes/No
recognized as mainstream.
Evidence_Level Text Yes Evidence Level Rating. High/Medium/Low/Very Low
Note Text No Semantic notes. -

TABLE 3. Translation variant analysis table

Cluster_ID  Canonical English Term

Chinese Translations & Semantic Details

Mainstream
Translation Coverage

Ccoo1 broad-spectrum antimi-

crobial

1. Guangpu Kangjun - Frequency: 45 occurrences - Source
Type: Standards, Academic Literature - Mainstream: Yes -
[Note]:Standard medical term(directly aligns with the canon-
ical English term; most accurate and widely accepted in
formal contexts). 2. Kuanpu Kangjun - Frequency: 5 occur-
rences - Source Type: Academic Literature - Mainstream: No -
[Note]:Similar in core semantics to “broad spectrum”, but not
used in authoritative standard documents, it is a non-stan-
dard variant. standards). 3. Guangfan Kangjun - Frequency: 2
occurrences - Source Type: Industry Texts - Mainstream: No -
[Note]:The literal translation, which emphasizes coverage,
lacks the precision of definition in professional contexts..

0.865

uniformity within a professional terminology system.

(1) Variant rate

The variant rate is defined as the ratio of the number
of different Chinese translations of an English term in the
corpus to the total frequency of the term, VR (Variant Rate),
and is calculated as follows:

Nvariants
VR = —=— (1)
Ntotal terms

In Formula 1, Nyarjants 1S the total number of unique
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Chinese translations identified for a term; Niotal terms 1S
the total number of occurrences of the term in the corpus.
For example, “broad-spectrum antimicrobial” corresponds to
three Chinese translations, 3/52 = 0.058. A lower variant
rate indicates more concentrated and stable translations; a
higher variant rate indicates confusion and a lack of consen-
sus in terminology usage. This metric intuitively reflects the
degree of fragmentation in the terminology system and is
an effective means of initially screening for high-risk terms.
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(2) Kappa consistency coefficient (x)

The Kappa coefficient is used to evaluate the consistency
of the translation choices of the same term by multiple
translators or multiple text sources. It is particularly suitable
for determining whether the translation of a term is affected
by subjective factors. Its calculation formula is:

P o P e

TP,
In Formula 2, P, is the observed agreement rate, that
is, the actual proportion of the same translation method
for the same term in different texts; P, is the expected
agreement rate, that is, the expected probability of reaching
an agreement under the premise of randomly selecting a
translation method.

The k value ranges from -1 to +1: £ > 0.8 indicates
“extremely strong agreement”, 0.6-0.8 “strong agreement”,
0.4-0.6 “moderate agreement”, and below 0.4 “weak or no
agreement”. This study uses “term-translation” pairs as the
unit, treating each English term’s translation in different
source texts as the “evaluator” and calculating its cross-text
agreement.

2

(3) Mainstream translation coverage (MTC)

The mainstream translation coverage rate is defined as
the frequency ratio of the mainstream Chinese translation
of a term (the translation determined by experts to be
mainstream, authoritative and in line with standards) among
all translations.

In this study, MTC and translation consistency are dif-
ferent ways of expressing the same concept. MTC, as a
quantifiable operational indicator, represents the translation
concentration and stability of a term in actual use. A
higher value indicates a greater proportion of the term being
translated uniformly across different texts and sources, and
a more consistent translation. In subsequent analyses, MTC
is equivalent to the translation consistency score, calculated

as: .
Mainstream Freq.

~ Total Freq. of All Variants

In Formula 3, Mainstream Freq. represents the frequency
of mainstream translations, and Total Freq. of All Variants
represents the total frequency of all translations of the term.
This metric directly reflects the degree of standardization of
term translation. A higher value indicates a strong consensus
within the industry or academia on the translation of the
term, facilitating international dissemination and alignment
with standards.

MTC 3)

3) Data Analysis Strategy

The independent variable, evidence level, is defined as a
four-level ordinal categorical variable (high=4, medium=3,
low=2, very low=1). The grading results are derived from
the established GRADE evidence framework and are inde-
pendently assessed by three experts under the same scoring
criteria. The mean of the results is taken as the evidence
level of the term. The consistency of the scores is verified by
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the Krippendorff reliability coefficient [28]. The dependent
variable, MTC, is a continuous variable with a value range
of [0, 1]. Its numerical change reflects the concentration
and standardization of translation use. Since the evidence
level is an ordinal categorical variable, while translation
consistency has a continuous distribution characteristic, and
the overall data distribution has the risk of skewness and
extreme values, the parametric statistical method based on
the normality assumption is difficult to meet the analysis
premise. The linear correlation model and the test method
that depends on the normal distribution have uncertainty
in statistical validity. Under these conditions, the Spearman
rank correlation coefficient based on rank information is
used to test the relationship between evidence level and
translation consistency in order to ensure that the analysis
results still have robustness and explanatory validity under
the condition of asymmetric distribution. It is used as the
core test tool [29]. Referring to the study by Rokicki et al.
[30], the Spearman rank correlation coefficient p calculation

formula is:
63 d;
n(n? —1)

In Formula 4, d; is the rank difference of the observations;
n is the sample size; p value ranges from -1 to +1. The
larger the absolute value, the stronger the correlation.

p=1- )

Inspection process and step design: first, data preprocessing
is performed to eliminate records with missing evidence
levels or MTC values.

Then, a preliminary correlation test is conducted to calculate
the Spearman p value, two-tailed p value (a=0.05), and 95%
CI (Confidence Interval) of all terms.

To control for potential confounding variables such as
term frequency, source type, and functional category, a
stratified Spearman correlation analysis is further per-
formed to calculate the intra-group p values by term fre-
quency interval (<10, 10-50, >50), source type (stan-
dard/academic/industry), and functional category (perfor-
mance indicator/material process/test method).

lll. RESULTS AND FINDINGS
A. EVIDENCE LEVEL DISTRIBUTION
CHARACTERISTICS OF CORE TERMS
This study systematically evaluates the evidence levels of
187 core terms in the field of functional antimicrobial
textiles. The distribution of evidence levels is shown in
Figure 2.

Figure 2 shows that the evidence level of terms presents
a typical “pyramid-shaped” distribution feature:

high-level terms (Evidence Level = 4) account for 37.97 %
(n=71);

medium-level terms (Level = 3) account for 31.55 % (n=59);
low-level terms (Level = 2) account for 19.78 % (n=37);
very low-level terms (Level = 1) account for 10.70 %
(n=20).
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FIGURE 2. Distribution of evidence levels

B. TRANSLATION CONSISTENCY CORRELATION
BETWEEN HIGH/LOW LEVEL OF EVIDENCE TERMS

By quantitatively comparing the performance differences
in translation consistency between high- and low-evidence
level terms, the core hypothesis that “higher term author-
ity leads to more uniform translations” is validated. The
analysis is based on a sample of 187 core terms, divided
into a high-evidence group (n=71) and a low- and very-
low-evidence group (n=57). Three core metrics, including
translation variant rate, Kappa consistency coefficient, and
mainstream translation coverage, are calculated for each
term. Independent sample t-tests are used to assess the
statistical significance of differences between the groups.
The consistency comparison of high-level/low-level evi-
dence terminology translation is shown in Table 4:

Table 4 shows that the average variation rate of high-
level terms is 2.1%, which means that each term has only
about two Chinese translations on average; while the average
variation rate of low/very low-level terms is 7.8%, indicating
that their translations are highly dispersed, and there are a
large number of non-standard or self-created translations.

The average Kappa value for the high-level terminology
group is 0.82 (standard deviation 0.09), placing it in the
“strong consistency” category, indicating a high degree of
convergence in the choice of translation for the same term
across different text sources. In contrast, the average Kappa
value for the low/very low-level terminology group is only
0.35 (standard deviation 0.14), placing it in the “weak
consistency” category, suggesting that translation choice is
significantly influenced by subjective factors or context,
lacking objective constraints. This difference is confirmed
to be highly statistically significant by an independent
samples t-test ( t= 13.87, df= 126, p< 0.001 ), indicating
that evidence level is a key structural variable determining
translation consistency.
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The average MTC of high-level terms is 91.3% (standard
deviation 0.07), which means that their mainstream transla-
tion method occupies an absolute dominant position among
all translation methods; while the average MTC of low-level
terms is only 42.6% (standard deviation 0.16), reflecting that
their mainstream translation method has not formed a broad
consensus and is often marginalized or replaced.

C. EXAMPLES OF CROSS-LANGUAGE MAPPING
PATTERNS OF TYPICAL TERMS
Typical terminology examples are shown in Table 5.

Case 1: “broad-spectrum antimicrobial” [31,32]: this term
refers to the ability to inhibit or kill a wide range of
microorganisms (such as bacteria, fungi, and some viruses).
It is widely used in international standards (such as ISO
20743) and academic literature. Three Chinese translations
are identified in the corpus:

(1) “Guangpu Kangjun™: frequency 45, coverage rate 86.5%,
marked as the mainstream translation, widely seen in na-
tional standards (GB/T 20944), SCI journals and authorita-
tive textbooks, and its semantics accurately correspond to
the original English meaning.

“Kuanpu Kangjun: frequency 5, coverage rate 9.6%, all
originated from non-core Chinese journals or corporate
technical documents. They are creative translations based on
the literal meaning of “broad” (“kuan” = wide), not found
in any formal standards, and there is a risk of semantic
narrowing.

“Guangfan Kangjun”: frequency 2, coverage rate 3.8 %,
mostly appears in promotional copy on e-commerce plat-
forms. It is a popular expression that emphasizes “wide
coverage”, but lacks professional definition and can easily
cause misunderstanding among consumers.

“Guangpu Kangjun” is a high-evidence term (score 4.7),
and its translation is highly concentrated; while “Kuanpu
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TABLE 4. Comparison of translation consistency of high/low level of evidence terms

Metric High-Evidence Terms (n=71) Low/Very Low-Evidence Terms  Statistical Significance
(n=57) (Independent t-test)
Variant Rate (%) 2.1% +0.8 7.8% +1.5 t=-15.21,df =126, p <
0.001
Kappa Coefficient ( k) 0.82 + 0.09 0.35+0.14 t=13.87,df =126, p <
0.001
Mainstream Translation Coverage 91.3%*7.0% 42.6% * 16.0% t=12.45, df = 126, p <

(MTC)

0.001

TABLE 5. Typical case analysis

Term Evidence Translations and Fre- Main-stream Coverage Source Type
level quency
Broad-spectrum High (4.7) 1.Guangpu Kangjun Yes/No/No 86.5%/9.6%/3.8% Standards, Academic
antimicrobial 45 occurrences Literature / Academic
2.Kuanpu Kangjun Literature / Industry
5 occurrences Texts
3. Guangfan Kangjun 2
occurrences
- . 1.Jiechu Shamielv 38 Yes/No/No 71.7%/22.6%/5.7%  Standards (ISO 20743),
Contact killingrate  Medium , R .
(4.2) occurrences 2.Jiechu Academic Literature /
Shajunlv 12 occur- Industry Reports / GB/T
rences 3.Jiechu Yijunlv 3 20944-related texts
occurrences
Antimicrobial Medium 1.KangjunNaijiuxing 29 Yes/No/No 54.7%/34.0%/11.3%  Academic Literature,
durability (3.5) occurrences 2. Kangjun Standards / Academic

Chijiuxing 18 occur-
rences 3. Kangjun Naix-
ixing 6 occurrences

Literature / Washing
Test Reports

Kangjun”, although semantically similar, has become a
marginalized mistranslation due to the lack of standard
support, reflecting that low-evidence terms are easily influ-
enced by subjective creativity during the translation process,
forming systematic deviations.

(2) Case 2: “contact killing rate” [33]: this term describes
the efficiency of a material surface in killing microorganisms
after direct contact with the surface. It is a core indicator
for evaluating contact antimicrobial textiles. Three main
translations are extracted from the corpus:

“Jiechu Shamielv”: frequency 38, coverage 71.7 %, which is
a translation clearly defined in the ISO 20743 standard, em-
phasizing the “killing” process and is suitable for medical-
grade antibacterial products.

“Jiechu Shajunlv”: frequency 12, coverage 22.6 %, often
seen in China’s industry reports and product manuals.
Semantically, “killing” is simplified to “sterilization”. Al-
though it is popular, it is not rigorous, because “sterilization”
often refers to “inhibition + killing”, which weakens the core
mechanism of “lethality”.

“Jiechu Yijunlv”: frequency 3, coverage rate 5.7 %, mainly
appears in the relevant text of GB/T 20944. This standard
does not strictly distinguish between “antibacterial” and

1901

“bactericidal”, resulting in some test data being classified
as “contact antibacterial”, thus confusing the concept.

Even if a term has a high level of evidence (a score of 4.2),
different definitions of the same concept across different
standards can still lead to translation discrepancies. This
suggests that terminology standardization requires strength-
ened cross-standard coordination to avoid compliance risks
caused by “same word, different meaning”.

(3) Case 3: “antimicrobial durability” [34,35]: this term
describes the ability of the antimicrobial function to remain
stable during use or washing, and is a key parameter for
measuring the life of the product. Three translations are
identified in the corpus:

“KangjunNaijiuxing”: frequency 29, coverage rate 54.7 %,
which is the standard translation method adopted in aca-
demic literature and some standard documents, covering
various failure modes such as time aging, mechanical wear,
and chemical corrosion.

“Kangjun Chijiuxing”: frequency 18, coverage 34.0 %, sim-
ilar in semantics, but in some contexts it focuses more on the
“time dimension”, slightly weaker than the comprehensive
anti-aging ability of “durability”.

“Kangjun Naixixing”: frequency 6, coverage rate 11.3 %,
only found in the test report of washing textiles, specifically

VOL. 15, NO. 3, AUGUST 2026
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referring to the ‘“antibacterial performance retention rate
after multiple washes”, which is completely unapplicable
in medical protective clothing or long-term wear products,
and is a serious scenario mismatch.

Although the term has a medium level of evidence (score of
3.5), its diverse application scenarios have led to “domain
differentiation” in translation. The low-evidence translation
of “washability” has been incorrectly transferred to other
fields, exposing a lack of “contextual adaptation” in term
translation. Translations haven’t been dynamically adjusted
to the application environment, leading to functional mis-
judgments and technical misdirection.

D. STATISTICAL VERIFICATION OF THE CORRELATION
BETWEEN EVIDENCE LEVEL AND MTC
The test results show that there is a significant positive
correlation between the level of evidence and MTC. As
the level of evidence of a term increases, the MTC shows
a stable increasing trend. The evidence level and MTC
analysis are shown in Figure 3.

Figure 3 demonstrates a strong positive correlation be-
tween the level of evidence for functional antimicrobial
textile terminology and MTC.

Figure 3(a) shows the distribution characteristics of MTC
across four levels of evidence: high-level terms (Level 4)
have a high mean of 0.913 and low dispersion, indicating
a high degree of translation stability; whereas very low-
level terms (Level 1) have a mean of only 0.426 and high
dispersion, reflecting confusion and a lack of consensus in
translation.

Figure 3(b) shows the natural distribution of 187 terms
across four levels of evidence. The regression trend line
shows a significant upward trend, demonstrating that termi-
nology authority is a key variable driving translation stan-
dardization. A linear regression model is fitted to generate
a regression equation MTC = 0.175 x Evidence Level
+ 0.196. This equation indicates that for every one-unit
increase in the evidence level, the MTC increases by an
average of 0.175 units. Stratified analysis is shown in Figure
4.

Figure 4 further reinforces the universality of this conclu-
sion through stratified analysis.

Overall correlation across all 187 functional antimicrobial
textile terms: a strong positive correlation is found between
the level of evidence and the MTC, p= 0.68 (95% CI: [0.59,
0.76]), indicating that higher-authority terms are associated
with more uniform and standardized translations.

Grouped by term frequency: in the high-frequency term
group (>50 times), p= 0.62; in the low-frequency term
group (<10 times), p= 0.71, indicating that even in sparsely
used terms, the level of evidence still has a stronger con-
straint on MTC;

Grouped by source type: in the “standard text” group,
p= 0.75; in the “industry text” group, p= 0.58, reflecting

VOL. 15, NO. 3, AUGUST 2026

that institutional authority (standard documents) is more
effective in guiding translation consistency than market-
driven texts;

Grouped by functional category: “Test method” terms p=
0.72, “material process” terms p= 0.59, indicating that
terminology with a high degree of standardization is more
likely to form a translation consensus.

These results support the view that the evidence level
of a term is an upstream variable regulating translation
consistency. High-level-of-evidence terms typically possess
clear boundaries, stable usage contexts, and authoritative
citation sources, reducing translator discretion and the risk
of multiple translations and mistranslations. Low-level-of-
evidence terms, on the other hand, lack a standardized
anchor and are susceptible to subjective interpretation, com-
mercial advertising, or contextual shifts, leading to frag-
mented and uncontrollable translation.

IV. CONCLUSIONS

This study, integrating the GRADE framework for evidence
grading analysis, establishes a quantitative correlation model
between term authority and translation consistency in the
field of functional antimicrobial textiles, confirming that
term evidence level is a core structural variable influencing
translation consistency. Based on a systematic analysis of
187 core terms, high-evidence level (Level 4) terms have
a Mainstream Translation Coverage (MTC) of 91.3%, a
Kappa consistency coefficient of 0.82, and a variation rate of
only 2.1%. In contrast, low/very low-evidence level (Level
2/Level 1) terms have an MTC of only 42.6%, a Kappa
value of 0.35, and a variation rate of 7.8%. The difference
is highly significant using an independent-samples t-test.
Spearman correlation analysis further confirms a strong pos-
itive correlation between the two terms (p=0.68, p<0.001),
demonstrating that clearer term definitions and more author-
itative sources are associated with more stable and consistent
translation behavior. This addresses key industry issues such
as ambiguous term definitions, conflicting standards, and
multiple mistranslations.
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