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Abstract
[目的/意义] This study employs a combined qualitative and quantitative method-
ology to analyze and compare the innovativeness of recent Chinese and inter-
national information science papers, revealing the innovative characteristics of
research in the information science domain, uncovering knowledge relationships
within innovation sentences in academic papers, enabling finer-grained analysis
of paper innovativeness, providing a foundation for the deep utilization of do-
main innovation points, while enriching approaches for monitoring innovation
in scientific papers and promoting scientific research innovation.

[方法/过程] Beginning with sentence-level innovation identification, we selected
two Chinese and two international information science journals as samples, uti-
lized information extraction and machine learning methods to extend innovation
sentence extraction from abstracts to full texts, leveraged sentence structure and
syntactic features to identify domain innovation content, examined character-
istics of recent Chinese and international information science papers regarding
innovation objects, themes, and categories, conducted comparative analysis, and
finally performed qualitative content analysis on automatically classified paper
collections to summarize the expression paradigms of innovation in Chinese and
international information science papers.

[结果/结论] Regarding innovation expression, the distribution of innovation sen-
tences in Chinese and international information science papers is largely con-
sistent, with English journal papers demonstrating richer innovation expression.
In terms of innovative characteristics, English information science journal pa-
pers exhibit more concentrated innovation themes, whereas Chinese themes are
diverse and dispersed; innovation in specific methods represents a hotspot in
the information science domain in recent years, while methodological innova-
tion remains insufficient; the innovative features of both Chinese and English
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information science journal papers reflect a trend of abundant achievements in
applied and empirical research, but slow advancement in theoretical innovation.
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approach combining qualitative and quantitative methods to analyze and
compare the innovative features of Chinese and international information
science papers in recent years, revealing the innovative characteristics of
research in this field. It examines the knowledge relationships within innovative
sentences in academic papers to enable more fine-grained analysis of paper
innovation, provides conditions for the deep utilization of innovation points
in research fields, enriches approaches for monitoring innovation in scientific
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and machine learning methods, we extended the extraction of innovative
sentences from abstracts to full texts, fully utilizing sentence structure and
syntactic features to identify innovative content in the field. We explored the
characteristics of Chinese and international information science papers in terms
of innovation objects, themes, and categories, conducted comparative analyses,
and finally summarized the innovation expression paradigms of Chinese and
international information science papers through qualitative content analysis
of automatically classified paper collections. [Result/conclusion] In terms of
innovation expression, the distribution of innovative sentences in Chinese and
international information science papers is basically consistent, though English
journal papers express innovation more richly. Regarding innovative charac-
teristics, English information science journal papers have more concentrated
innovation themes, while Chinese themes are more diverse and dispersed.
Innovation in specific methods represents a hotspot in recent information
science research, while innovation in research methodology is insufficient. The
innovative features of both Chinese and English information science journal
papers reflect a trend of abundant applied and empirical research achievements
alongside slow theoretical innovation.
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Innovation is the primary driver of development, the core of scientific research,
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and the essential requirement of academic papers. As R. Tan once noted regard-
ing scientific research innovation: “The value of a person’s research does not
lie in how much effort they put in; rather, the value of research lies in the inno-
vativeness of the results”[1]. Innovativeness is a crucial criterion for evaluating
the academic quality of scientific papers, a core trait that determines their aca-
demic level, and the primary basis for publication decisions [2]. Extracting and
analyzing innovation points from domain academic papers can effectively reveal
the progress of innovation in the field and the types and impacts of innovation
points [10].

This study aims to conduct a comparative investigation of the innovative char-
acteristics of information science papers, starting from sentence-level innovation
identification and fully utilizing sentence structure and syntactic features. Using
information extraction and machine learning methods, we analyze the aspects,
objects, and themes of innovation to measure the innovative characteristics and
progress of information science research in recent years from a broad yet pre-
cise perspective. The novelty of this study lies in extending the extraction of
innovative sentences from existing abstracts to full texts, rather than remaining
at the abstract level alone, and fully incorporating sentence structure informa-
tion in the application of information extraction and machine learning methods.
The purpose of this research is not only to reveal the innovation situation in a
particular field but, more importantly, from a macro disciplinary perspective,
to discover the knowledge relationships within innovative sentences in domain
academic papers. This provides pathways for the deep utilization of innova-
tion points in research fields, lays the foundation for fine-grained knowledge
organization and retrieval, facilitates knowledge reasoning and discovery in big
data environments, enriches approaches for monitoring innovation in scientific
papers, and ultimately promotes scientific research innovation.

2 Literature Review
2.1 The Meaning and Manifestation of Academic Paper Innovation

It is difficult to provide a precise definition of“innovativeness.”Merriam-Webster
defines“novelty”as“something new or different from anything familiar”[11]. Inno-
vative information refers to sentences containing new content, typically defined
as the opposite of redundancy [12]. In J. Allan et al.’s research, innovativeness
is described as new information based on the presence of new words in sen-
tences [13]. B. Uzzi et al. argue that scientific innovation arises through original
combinations that stimulate new insights [14]. From a knowledge combination
perspective, innovativeness can be defined as reorganizing existing knowledge in
unprecedented ways, a view accepted by scholars across disciplines [15]. These
definitions share essentially the same core connotation: combining existing or
new knowledge in a “new”way.

Regarding the innovativeness of academic papers, Zhou Luyang [16] identifies
three basic meanings: (1) papers that are “different”from existing academic
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literature, which can be either “partial improvements”or completely “new”;
(2) this difference must involve knowledge or information in the academic field;
and (3) this different knowledge or information must be“valuable.”This study’
s identification of academic paper innovativeness involves mining and analyzing
the innovative aspects expressed by authors in their papers.

2.2 Evaluation of Academic Paper Innovation

Traditional evaluation methods for academic innovation in humanities and social
sciences journals mainly include two approaches: qualitative evaluation through
peer review and quantitative evaluation based on bibliometrics. Bibliometric
methods for evaluating paper innovation include single-feature indicator evalu-
ation, measuring innovation through impact, indicator system evaluation, and
content-based evaluation [17]. Although widely used, peer review suffers from
drawbacks such as conflicts of interest, strong subjectivity, large operational
space, time consumption, and low efficiency [18].

Some scholars use single-feature indicators such as authors’h-index, citation
counts, reference influence, or journal impact factors to evaluate academic in-
novation [19]. Y. Lee et al. [20] calculated the similarity of each journal pair in
references, ranked all journal pair similarities from smallest to largest, took the
top 10th percentile, and used the negative value—larger values indicating greater
novelty. L. Wu et al. [21] proposed a new innovation measurement indicator,
Disruption, in Nature, quantifying paper novelty by dividing citation structures.
Other scholars have integrated social network analysis and statistical methods,
using correlation analysis, regression analysis, and structural equation modeling
to verify relationships between various indicators and literature innovation [22].
Ye Jiyuan [23] analyzed the drawbacks and causes of quality and innovation
evaluation systems for Chinese academic journal papers from social, economic,
cultural, and political perspectives, proposing a new concept combining formal
evaluation, content evaluation, and utility evaluation, which provides strong the-
oretical guidance for evaluating journal paper quality and measuring innovation
in Chinese social sciences.

In summary, many scholars have used statistical methods to empirically ana-
lyze the relationships between author prestige, journal influence, citation counts,
download counts, and paper innovation, reaching different conclusions. How-
ever, they generally agree that measuring paper innovation using only these
indicators is unscientific. High author or journal influence only indicates bet-
ter academic value, content quality, or impact, not necessarily high innovation,
as citations and downloads are affected by temporal, author, and institutional
factors. Equating paper influence with innovation is clearly one-sided; paper in-
novation may correlate with influence but is not equivalent to it. Furthermore,
novelty does not equal innovation. Novelty is a necessary but not sufficient
condition for innovation. Some papers may have new research objects and orig-
inality but low practical or applied value, or their argumentation process may
be logically flawed, rendering their conclusions invalid. In such cases, even with
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strong originality, their innovative value is insufficient. As Li Rusen et al. [24]
propose, innovation points in scientific papers should be categorized into topic
innovation, technical background innovation, methodology innovation, conclu-
sion innovation, and overall innovation, with innovative achievements possessing
three characteristics: “originality, novelty, and practicality.”This reflects that
paper innovation requires not only theoretical and methodological innovation
but also that innovative results must be effective and useful.

Bibliometric methods for evaluating paper innovation are largely limited to
quantitatively assessing papers from perspectives of authors, institutions, jour-
nals, and references, without truly focusing on paper content. Although qualita-
tive peer review partially compensates for this deficiency, its inherent drawbacks
affect innovation evaluation. If natural language processing and machine learn-
ing techniques can assist paper innovation evaluation—through semantic analy-
sis to construct grammatical rules, extract innovation indicators, identify paper
innovation points, build innovation knowledge bases, and use automatic clas-
sification or clustering to identify innovation themes and patterns—this would
provide solid technical support and knowledge foundations for paper innova-
tion evaluation. Natural language processing technology already has mature
applications in calculating literature similarity, automatic topic identification,
keyword extraction, and topic classification and clustering. Yang Jianlin and
Qian Lingfei [25] constructed a set of formulas for measuring document topic
novelty based on word frequency principles, inverse document frequency prin-
ciples, and co-word analysis, empirically demonstrating their rationality and
practicality. Liang Shuai and Gao Jiping [26] used F5000 paper review com-
ments as text analysis objects, conducting text mining, keyword extraction, and
content analysis on excellent paper reviews. Through feature word frequency
and co-occurrence analysis, they identified four main characteristics of excellent
papers: “innovation features,”“value features,”“research content,”and“writing
style.”Therefore, judging paper innovation value should not be limited to novelty
or originality; the usefulness and effectiveness of innovative achievements and
the scientific nature of methodological innovation should all be evaluation cri-
teria. Qian Lingfei et al. [27] used ontology theory and technology to construct
academic innovation concept ontologies and academic innovation knowledge re-
source ontologies, instantiating these ontologies and introducing high-frequency
keywords from CNKI journal bibliographic data to enrich ontology knowledge,
define class relationships, and build an academic innovation ontology—provid-
ing a solid knowledge foundation for subsequent automatic measurement of aca-
demic innovation. He Wanying [17] constructed machine learning models for in-
novation evaluation, using paper data from core library and information science
journals to empirically analyze multiple models, evaluating different machine
learning models’performance to identify suitable models for innovation evalu-
ation. These examples demonstrate that text mining technology and machine
learning methods have considerable application potential and value in paper
innovation evaluation.
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2.3 Identification and Extraction of Academic Paper Innovation
Points

An academic paper may contain multiple innovations or only a few, but regard-
less of quantity, any innovation—even a single point or sentence—should be iden-
tified and recognized [28]. However, the expression of innovation in academic
papers is diverse, with innovation points appearing in various forms through-
out different sections, making identification essential. As described above, most
existing research focuses on innovation evaluation, with identification methods
primarily approaching from an innovation degree evaluation perspective.

Cao Xiaochun [29], from an editorial perspective, argues that academic paper
innovation broadly includes new topics, new arguments, new evidence, and new
reasoning, with approaches such as filling gaps, supplementary development,
direct confrontation, revolutionary change, and progressive introduction—all of
which can be identified as academic paper innovation points if they possess
certain characteristics. Beyond these perspectives, innovation can also manifest
in research methods, ideas, and designs [28].

From a content perspective, the presence of innovative knowledge units indi-
cates innovativeness, and these units constitute the paper’s innovation points
[30]. T. Heinze et al. [31] suggest that innovation points can be identified and
extracted as new theories, new phenomena, new methods, new instruments, or
new integrations of existing theories from new angles. Zhou Luyang [16] pro-
gressively refines content innovation from new arguments and evidence to new
theories, methods, objects, disciplines, data, and facts, proposing a set of meth-
ods for identifying academic literature innovation points. Some scholars believe
innovation points can be located and identified through reference positions [32].

Scholars’proposed methods for identifying academic paper innovation points
are mostly at the macro theoretical level, with gaps remaining in practical imple-
mentation. For extracting paper innovation points, one method involves com-
paring paper titles with existing papers in databases through similarity ranking
to extract innovation points [33]. Another method extracts keywords from pa-
pers and calculates keyword frequency changes over time in retrieval systems
to identify innovative keywords [25, 34]. A more comprehensive approach uses
the KeyGraph algorithm [35] to extract research themes from papers, then cal-
culates similarity between extracted themes and current disciplinary frontiers
to identify innovative research themes [36]. Some researchers consider compar-
ing paper contexts, mining new versus old information from text to identify
innovations such as technologies or inventions [37].

Most of these methods are essentially consistent: comparing with historical sub-
sets to obtain innovation points. However, this approach has drawbacks—creat-
ing comprehensive historical subsets is difficult and costly, potentially resulting
in insufficient training data for identified innovations and degraded identifica-
tion effectiveness [40]. Therefore, this study takes a different approach, selecting
two Chinese and two English information science journals as samples, using in-
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formation extraction and machine learning methods that incorporate sentence
features themselves to identify domain innovative content, explore academic
paper innovation characteristics, summarize recent information science paper
innovation situations, and explore new methods for innovation point identifica-
tion and extraction to assist domain scientific paper innovation monitoring and
promote scientific research innovation.

3 Research Design
3.1 Data Source and Text Preprocessing

Considering paper writing standards and accessibility, Chinese journal papers
from 2013-2018 in Information Science and Data Analysis and Knowledge Dis-
covery (formerly Modern Library and Information Technology) were selected as
data sources. English journal papers from 2013-2018 in Information Processing
& Management and Journal of Informetrics were selected as data sources. Meet-
ing minutes, moderator introductions, speeches, call for papers, topic selections,
and other non-research papers were removed, resulting in final datasets of 2,487
and 1,050 papers respectively.

In the preprocessing stage, all papers were converted to plain text format. Re-
search by Yu Husheng et al. [41] and T. Dahl [42] summarized the distribution
characteristics of paper innovation points, concluding that abstracts, introduc-
tions, and conclusions are sections where innovation points are concentrated.
Based on this and statistical results, we extracted the abstract, introduction,
methodology, results, and conclusion sections where innovative sentences might
appear, then segmented these sections into sentences.

3.2 Selection of Innovation Feature Guide Words

The linguistic features of paper innovation points are mainly reflected in guide
words (feature words) and expression patterns [42-43]. For scientific literature’
s linguistic and genre features, rule-based extraction methods can accurately
identify “knowledge claims”in papers [44]. For the segmented sentences, we
used the Stanford CoreNLP tool for tokenization, word frequency statistics, and
part-of-speech tagging. Combining manual annotation results from randomly
selected datasets, we selected and determined words closely related to innova-
tion. The main basis for selecting innovation feature guide words came from the
“Ten-point Scoring Standard for CSSCI Paper Evaluation,”specifically the four
elements of “degree of innovation, degree of completeness, degree of difficulty,
and value of achievement,”which we refined into “usefulness, novelty, effective-
ness, and scientific nature.”Novelty applies to problems, methods, and results
—the three core elements—and essentially means the paper’s “difference”from
existing literature, which can be either “partial improvement”or completely
“new”[26]. Effectiveness and scientific nature primarily concern research meth-
ods, while usefulness and effectiveness concern research results.
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After initial determination of innovation feature guide words, we introduced
them into HowNet for synonym expansion as our final set of innovation feature
guide words. Guide words include but are not limited to 标志性 nouns, adjec-
tives, a few verbs, and phrases. Based on the selected innovation feature guide
words and drawing on Zhang Fan and Le Xiaoqiu’s [44] approach, we used
Stanford Parser syntactic tree parsing to build rules incorporating innovation
guide words, extracting from sentence collections to form innovative sentence
sets. This yielded 19,088 English sentences and 12,451 Chinese sentences. Inno-
vation feature guide word examples and corresponding sentences are shown in
Table 1 .

3.3 Innovative Sentence Syntactic Analysis

Using Stanford Parser for dependency syntactic analysis of innovative sentences,
we built rules to extract innovation objects and themes. Dependency syntax,
first proposed by French linguist Lucien Tesnière, posits that sentence compo-
nents have governing and dependent relationships [51]. Governing words are
called heads or governors, while dependent words are called modifiers or de-
pendents [51]. Dependency syntactic analysis represents relationships between
words in sentence pairs, and by locating predicate nodes with semantic annota-
tion types as innovation feature verbs, we can further identify the theme words
they govern—core theme words revealing innovations [8].

Based on this characteristic of dependency relationships, we established extrac-
tion rules for innovation objects and themes: (1) Identify core words revealing
innovation points (ROOT words) from dependency relation pairs; (2) Filter di-
rect object relationships (marked with “dobj”identifier, indicating a governing
relationship) from dependency pairs containing core words, extracting the gov-
erned component as words revealing innovation objects; (3) Extend to find noun
compound modification relation pairs closely associated (nearest distance) with
ROOT words and innovation objects, using these as the sentence’s innovation
theme. For Chinese sentences, if “topic”relation pairs exist, they are directly
used as innovation themes. For sentences lacking the above-specified relation
pairs, we formulated supplementary rules based on syntactic trees: (4) For En-
glish sentences, extract relation pairs labeled“JJ”(adjective) with subordinate
modification labels “NN”(common noun), filter them according to the innova-
tion guide word set, and use the modified component as the innovation object;
for Chinese sentences, with richer labels, extend the rule to extract “ADJP”
(adjective phrase) with subordinate modification labels “NP”(noun phrase),
similarly filter, and use the modified component as the innovation object; (5)
Extract the innermost “NP”label of “IP”(simple clause) as the innovation
theme.

3.4 Innovative Sentence Classification

Li Ying and Zhou Li [52] refined and specified innovation points in papers, cat-
egorizing them into ten aspects: {new discovery, new method, new technology,
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new viewpoint, new theory, new idea, new process, new application, new con-
tribution, new concept}, summarizing their expression content and common
feature words. Based on dependency syntactic analysis extracting innovative
sentence features, we added dependency syntactic labels and vectorized them
to improve identification accuracy. Building on Li Ying and Zhou Li’s [52]
classification and according to the innovative aspects described, we categorized
sentences into 4 major categories and 8 subcategories, with classification and
content explanations shown in Table 2 .

Following this classification, we used the SVM algorithm to train and test on
manually annotated training sets, then classified the remaining sentence corpora.
Evaluation metrics are shown in Table 3 and Table 4 .

4 Results Analysis and Discussion
4.1 Innovative Sentence Statistics

Statistical analysis of the innovative sentence sets revealed an average of approx-
imately 5 innovative sentences per Chinese journal paper and 18 per English
journal paper. The distribution proportions across sections are shown in Figure
1 [Figure 1: see original paper] and Figure 2 [Figure 2: see original paper].

Comparing Figures 1 and 2, we find that the distribution of innovative sentences
in Chinese and international information science papers is relatively consistent,
with English papers showing more even distribution. Over 30% of innovative
sentences come from the introduction section, partly because introductions are
standard and longer than abstracts. While abstracts express innovation points
concisely, introductions expand and enrich innovation expression, including not
only appropriate introductions of innovative content but also the origins, pur-
poses, and means of innovation, primarily through narrative expression [52].
Since authors “can customize the writing format of the main paper sections”
[53], the“results”section is not mandatory, leading to diverse presentation forms
and a relatively low proportion of innovative sentences. However, the propor-
tion of innovative sentences in the results section of selected English information
science journal papers remains higher than in abstracts, indicating more stan-
dardized writing in English information science journals. The conclusion section
contains fewer innovation-revealing expressions, mainly stating innovation value,
function, and significance, with innovation itself typically expressed implicitly
and indirectly. Overall, the distribution gap of innovative sentences between
Chinese and English information science journal papers is small, with English
journal papers having higher average numbers per paper and richer innovation
expression.

4.2 Analysis of Innovation Object Characteristics

The word frequency and ranking of innovation objects are shown in Figure 3
[Figure 3: see original paper] and Figure 4 [Figure 4: see original paper]. The
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frequency ranking of innovation objects in both Chinese and English information
science papers basically conforms to Zipf’s law: high-ranking innovation objects
occupy the vast majority, while low-ranking ones are very rare. In contrast, the
curve for English information science journal papers is steeper, reflecting more
concentrated innovation objects. Due to the larger number of innovation objects
in English papers, the long-tail effect is also more pronounced.

Further investigation of innovation objects reveals that “method”innovation
accounts for a very large proportion in both Chinese and English information
science journal papers, indicating that methodological innovation is a key re-
search direction in recent information science. In relative terms, “method”in-
novation accounts for a higher proportion in English papers, with the combined
frequency of “method”and “approach”exceeding half. Framework, algorithm,
problem, data, and measurement are key objects of innovation in English infor-
mation science journal papers. The overlapping parts are still substantial (e.g.,
data, problem, model, algorithm), representing the main innovation directions
in recent information science. By comparison, English information science jour-
nal papers focus more on detailed innovations, with less theoretical innovation
but greater attention to “framework”innovation (see Figures 5 [Figure 5: see
original paper], 6 [Figure 6: see original paper], and Table 5 ). This aligns with
conclusions by Liu Qijin et al. [9], who analyzed over 210,000 English documents
in “computer”disciplines from the ACM Full-Text Database (1951-2012), find-
ing that most innovations concentrated on method innovation (e.g., approach,
method, way) and specific application innovations (e.g., algorithm, model, ap-
plication), with relatively few theoretical innovations (e.g., idea) [9].

Method innovation in Chinese papers, while having the highest proportion, in-
cludes only about 1% research methodology innovation, with the proportion
of high-level methodological innovation still low. Wei Ruibin [54] analyzed do-
mestic co-word analysis research and similarly found few papers with overall
methodological innovation. He argued that research method innovation requires
breakthroughs at the principle level or improvements to certain processes, requir-
ing researchers to have deep understanding of research methods and the ability
to propose their own solutions, making such innovation difficult. Comparing
the two Chinese information science journals (Table 6 ), we find significant dif-
ferences in innovation objects, mainly related to journal column settings and
positioning. Information Science includes theoretical research and business re-
search columns, resulting in relatively high proportions of theoretical, technical,
and methodological innovation. Data Analysis and Knowledge Discovery fo-
cuses on big data-based research and applications across industries that rely
on complex mining analysis for knowledge discovery and prediction, supporting
decision analysis and policy formulation. It is committed to providing theo-
retical guidance, technical support, and best practices, integrating computer
science, scientometrics, social informetrics, webometrics, data science, manage-
ment science, predictive analytics, and evidence-based policy analysis to help
people discover knowledge from data, distill wisdom (insights) from knowledge,
and design solutions from knowledge and wisdom [55]. This orientation makes
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algorithm and experiment innovations prominent in its papers.

The two English information science journals show relatively consistent high-
frequency innovation objects (Table 7 ), with differences again mainly related
to journal positioning. Beyond methods and models, Information Processing &
Management papers have broader, more comprehensive innovation objects, in-
cluding algorithms, frameworks, research problems, experiments, features, and
techniques, positioning the journal at the intersection of computer and informa-
tion science. Journal of Informetrics focuses on quantitative research in infor-
mation science, making indicators, data, and utilization particularly prominent
innovation objects.

4.3 Analysis of Innovation Theme Characteristics

Co-occurrence analysis of innovation themes yields the networks shown in Fig-
ure 7 [Figure 7: see original paper] and Figure 8 [Figure 8: see original paper].
Edge thickness represents weight, and node color indicates modular classifica-
tion. With similar numbers of nodes, the two networks differ greatly in edge
count: the Chinese theme co-occurrence network has a density of 0.029, while
the English network has a density of 0.649. English information science papers
show frequent co-occurrence across themes, more intersections, and dense con-
nections, with “method,”“model,”and “data”forming a very dense network
core. In contrast, Chinese information science research themes are relatively
dispersed and independent.

Recent English information science innovation themes can be roughly catego-
rized into: (1) Bibliometrics (citation, indicator, journal, research evaluation,
collaboration⋯); (2) Text mining (classification, text, topic, detection⋯); (3)
Information systems (system, search, framework, recommendation⋯); and (4)
Machine learning combined with natural language processing (algorithm, clus-
ter, language, word, training, sentiment⋯). The bibliometrics category aligns
with Liu Zhifeng et al.’s [56] findings. Analyzing Journal of Informetrics papers
(2007-2017), they found main research themes including measurement indicators,
scientific evaluation and ranking, research collaboration, and citation analysis
[56], reflecting these as core, stable innovation themes in the field.

Recent Chinese information science innovation themes can be roughly divided
into: (1) Library-related (digital libraries, university libraries, library services,
resources⋯); (2) Algorithm categories (genetic algorithms, optimization algo-
rithms, neural networks⋯); (3) Social media (social networking sites, topics⋯
); (4) Community research (scientific/academic/health communities, members,
influence⋯); (5) Enterprise knowledge management (knowledge transfer, indi-
vidual capability, innovation⋯); (6) Ontology; and (7) Bibliometrics. Due to
overly tight connections, English themes are harder to subdivide like Chinese
themes, but it is clear that English information science journal papers focus on
natural language processing and bibliometrics with concentrated themes, while
Chinese information science journal papers have more dispersed and diverse
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themes. Although this relates partly to journal selection, it also reflects the
comprehensiveness of Chinese information science journals and the specializa-
tion of English journals, as well as different research topic characteristics.

4.4 Distribution of Innovation Categories

The category distribution of paper innovation sentences is shown in Figures 9
[Figure 9: see original paper] and 10 [Figure 10: see original paper], with core
expression paradigms for each category summarized in Tables 8 and 9 . Chinese
papers show uneven distribution across innovation categories: Categories
6 (viewpoint/concept innovation) and 7 (research method innovation) are
relatively scarce, while Categories 4 (proposing new methods/techniques/ideas)
and 8 (research problem/object innovation) account for higher proportions.
In contrast, English papers show even more uneven distribution, with nearly
80% of innovative sentences concentrated in Category 1 (discovering new
patterns/connections), Category 4, and Category 8, while Categories 2, 3, 5,
and 6 are less common.

Both Chinese and English papers concentrate innovation categories in Cate-
gory 4 and Category 8—proposing new methods/techniques/ideas and research
problem/object innovation—echoing the“Analysis of Innovation Object Charac-
teristics”section. The main differences between Chinese and English papers lie
in the proportions of Category 2 (building/improving new models), Category
5 (proposing new countermeasures/suggestions/applications), and Category 7
(applying new methods, introducing new data). Chinese papers have relatively
higher proportions of Category 2 and Category 5, reflecting higher proportions
of review and qualitative evaluation papers. Chinese review papers propose
countermeasures and applications for product, industry, discipline, or domain
development by 梳理 domestic and international theoretical achievements and
practical progress. Evaluation papers often comprehensively apply expert inter-
views, questionnaires, and AHP to construct evaluation indicator systems, with
some combining mathematical statistics or natural language processing to empir-
ically test model/method reliability and validity. This also reflects insufficient
innovation in research methods in Chinese information science journal papers,
with applying other disciplines’methods and introducing new data not being
mainstream. English papers have a relatively higher proportion of Category 7,
indicating that English information science journals publish more studies not
only proposing new specific methods but also applying new research methods
and introducing new data, giving them an advantage in quantitative empirical
research and focusing on applied and practical research outcomes. This also
reflects differences in thinking between Chinese and Western scholars in paper
writing: Ji Rongqin [56] argues that“the developed mathematical logic in West-
ern culture and Westerners’logical thinking patterns lead English articles to 倾
向于引用 more facts, especially survey data and factual data, when stating argu-
ments, while Chinese articles use data and experimental results less frequently
to demonstrate viewpoints.”
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Categories 3 (obtaining new theories) and 6 (viewpoint/concept innovation) ac-
count for low proportions in both Chinese and English papers, further reflecting
the slow progress of theoretical innovation in recent information science. Wei
Ruibin and Liu Yu [57], through text analysis of titles from 434 information
science doctoral dissertations (1996-2012), also concluded that domestic infor-
mation science papers contain more applied and empirical research achievements
but fewer pure theoretical research results, as theoretical innovation is the most
valuable yet most difficult form of paper innovation.

4.5 Innovation Expression Paradigms

Through qualitative analysis of content from machine learning-trained classifica-
tion sets, this study summarizes the innovation expression paradigms for eight
categories of Chinese and English papers, as shown in Tables 8 and 9 . Regard-
less of category, all innovations are built upon literature review and evaluation,
understanding theoretical foundations, tracing research problem development,
identifying what previous research has and has not solved, and recognizing defi-
ciencies to provide new directions and ideas for one’s own research innovation.
Second, innovative methods must be genuine and effective: arguments must
withstand verification, data must be authentic and valid, and proposed meth-
ods must pass experimental testing. Finally, innovative results must be valuable,
as indicated by feature words such as improve, optimize, enhance, effective, the-
oretical value, and practical value.

5 Research Conclusions
Identifying innovative features and new research progress from papers is signifi-
cant for scientific research within the field. This study starts from sentence-level
innovation identification, using sentence structure and syntactic features with
information extraction and machine learning to analyze innovation categories,
objects, and themes, empirically revealing recent innovation characteristics and
progress in information science. The study concludes: First, regarding innova-
tion expression, the distribution of innovative sentences in Chinese and interna-
tional information science papers is basically consistent, with the introduction
being the section where innovation points are concentrated. However, English
journal papers are more standardized in writing with richer innovation expres-
sion; both Chinese and English innovation expressions are relatively normative
and follow certain patterns. Second, regarding innovation characteristics, anal-
ysis of innovation object features and category distribution reveals that innova-
tion object frequency distribution conforms to Zipf’s law, with high-frequency
innovation objects occupying the vast majority. Innovation in specific methods
is the main research direction in recent information science, with data, problems,
models, and algorithms also being focal points, while innovation in research
methodology is insufficient. Comparatively, English information science jour-
nal papers focus more on detailed innovations, with less theoretical innovation
but more attention to“framework”innovation. The innovative characteristics of
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both Chinese and English information science journal papers reflect abundant
applied and empirical research results alongside slow theoretical innovation, as
theoretical innovation is the most valuable yet most difficult form of paper inno-
vation. Analysis of paper innovation theme characteristics reveals that English
information science journal papers focus on natural language processing and bib-
liometrics with concentrated themes, while Chinese information science journal
papers have diverse and dispersed themes, reflecting the comprehensiveness of
Chinese journals and the specialization of English journals, as well as differences
in research topics.

Based on these conclusions, information science researchers should focus not
only on specific-level method, problem, and technical innovations but also at-
tempt more difficult, higher-level research method and theoretical innovations,
emphasizing interdisciplinary approaches to find new breakthroughs and pro-
mote information science theoretical development from quantitative to qualita-
tive change, laying theoretical foundations for more mature development. These
conclusions can also provide references for future research innovation directions
and innovation point expression in paper writing. This preliminary attempt
also demonstrates that analyzing paper innovation points through information
extraction and syntactic analysis is feasible and valuable. This approach en-
ables more fine-grained paper innovation analysis, grasping research innovation
progress across the entire field, achieving monitoring purposes, promoting scien-
tific research innovation, and providing methodological references for content-
based innovation evaluation as a supplement to existing innovation evaluation
systems.

However, this study has limitations: it uses sentence structure and syntactic
features for sentence-level innovation identification without deeply considering
semantic connections between sentence contexts at the logical level, which may
affect results. Additionally, the study only extracted papers from two Chinese
and two English journals, with insufficient sample coverage. Sentence extrac-
tion results are affected by syntactic analysis, with inadequate consideration
of negation words, and related extraction rules require improvement. Address-
ing these limitations, future research will further optimize innovation classifi-
cation structures, improve paper innovative sentence extraction algorithms, en-
hance extraction comprehensiveness, consider relationships between sentences
and incorporate publication timelines, select more domain or multidisciplinary
journal papers for empirical research, and add temporal comparisons to more
comprehensively explore paper innovation characteristics, facilitating better fine-
grained knowledge organization and retrieval.
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