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English has become the dominant language in global academic publishing, facilitating cross-

border collaboration while reinforcing structural barriers for non-native English-speaking

researchers. This study examines the evolution of academic writing quality in social sciences

abstracts from 2012 to 2024, focusing on disparities across linguistic, regional, economic and

gender-based classifications. Using over one million English-language abstracts retrieved

from the Web of Science, the study evaluates writing complexity through readability metrics

such as the Flesch-Kincaid Grade Level. A mixed generalised linear model (GLM) is employed

to identify key factors influencing writing quality, with particular emphasis on internet access.

To assess the potential impact of large language models (LLMs) such as ChatGPT, the

analysis incorporates a lexical tracking approach that monitors the frequency of adjectives

and adverbs commonly associated with AI-generated content. The findings reveal a global

improvement in writing complexity, with non-native English-speaking countries showing

notable advances. China, initially lagging in English writing standards, has surpassed tradi-

tional leaders such as the United States, signalling a shift in global academic communication.

Enhanced digital infrastructure and the adoption of AI-assisted writing tools appear to play a

contributory role in this convergence. These results offer empirical insights into how tech-

nological advancements are reshaping scholarly expression and mitigating long-standing

linguistic and structural disparities. The study provides evidence-based guidance for policy-

makers, educators and research institutions seeking to enhance the accessibility, inclusivity

and quality of academic writing across diverse global contexts.

https://doi.org/10.1057/s41599-025-05484-6 OPEN

1 Department of Humanities and Social Sciences, Indian Institute of Technology Kharagpur, Kharagpur, West Bengal, India. 2 School of Engineering, Cochin
University of Science and Technology Kerala, Kochi, India. ✉email: psarun.mangad@gmail.com

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2025) 12:1058 | https://doi.org/10.1057/s41599-025-05484-6 1

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05484-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05484-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05484-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05484-6&domain=pdf
http://orcid.org/0009-0001-0159-1362
http://orcid.org/0009-0001-0159-1362
http://orcid.org/0009-0001-0159-1362
http://orcid.org/0009-0001-0159-1362
http://orcid.org/0009-0001-0159-1362
http://orcid.org/0009-0006-0152-8378
http://orcid.org/0009-0006-0152-8378
http://orcid.org/0009-0006-0152-8378
http://orcid.org/0009-0006-0152-8378
http://orcid.org/0009-0006-0152-8378
http://orcid.org/0000-0002-5166-8890
http://orcid.org/0000-0002-5166-8890
http://orcid.org/0000-0002-5166-8890
http://orcid.org/0000-0002-5166-8890
http://orcid.org/0000-0002-5166-8890
mailto:psarun.mangad@gmail.com


Introduction

Academic writing remains a central gatekeeping mechan-
ism in global scholarship (Curry & Lillis, 2018). While it
enables the circulation of knowledge, it also entrenches

linguistic and regional hierarchies (Hanauer, Sheridan &
Englander, 2019). Scholars from non-native English-speaking and
lower-resource contexts often face barriers in meeting both the
substantive expectations for publication and the dominant norms
of linguistic clarity, coherence and style (Flowerdew, 2008; Luo &
Hyland, 2016; McKinley & Rose, 2018). These challenges are
intensified by structural inequalities in global academia that dis-
advantage scholars outside core institutional networks (Bennett,
2014; Murray, 2015; Zeng & Yang, 2024).

While the global dominance of English has facilitated cross-
border collaboration (Dearden, 2014) and expanded educational
access through English as a Medium of Instruction (Galloway,
2020; Tong et al., 2020), it continues to sustain inequalities in
global academic publishing. This hegemony, shaped by historical
patterns of linguistic imperialism (Zeng & Yang, 2024), places
additional burdens on scholars from non-native English-speaking
contexts, who must navigate complex disciplinary content while
meeting unfamiliar linguistic expectations (Clark & Yu, 2021;
Zhang & Hasim, 2023). These constraints contribute to their
continued underrepresentation in high-impact journals and
broader academic discourse (McKinley & Rose, 2018).

These disparities are embedded in a broader core–periphery
dynamic where North America and Western Europe dominate
knowledge production, marginalising contributions from semi-
peripheral and lower-income regions (Mosbah-Natanson,
Gingras, 2014; Wagner et al., 2001). Scholars from these regions
frequently report that their work is perceived as local or
descriptive rather than theoretical or globally relevant (Bennett,
2014), a perception shaped partly by linguistic hierarchies and
publishing standards favouring native speakers (McKinley &
Rose, 2018; Murray, 2015). In addition to these structural bar-
riers, differences in writing styles and cognitive-cultural framing
further challenge non-native speakers’ ability to engage with
dominant academic norms (Wang & Chen, 2013).

Digital infrastructure, particularly internet access, plays an
increasingly critical role in shaping global academic participation.
Improved connectivity expands access to scholarly materials and
digital learning tools, reducing barriers faced by researchers in
underrepresented regions. Studies have shown that internet
availability enhances academic confidence), supports research
productivity (Xu & Reed, 2021) and facilitates more effective
engagement with online learning platforms (Huang et al., 2022),
even as structural challenges remain in regions like Africa
(Oyelaran-Oyeyinka & Adeya, 2004).

Artificial Intelligence (AI), described as one of the most
transformative innovations since the Palaeolithic era and even
referred to as the “new oil” (Holmes & Tuomi, 2022), has sig-
nificantly transformed academic writing practices. Tools such as
Grammarly provide real-time grammar and style feedback,
enabling non-native speakers to better meet publication stan-
dards. More recently, large language models (LLMs) such as
ChatGPT have emerged as powerful tools capable of generating
fluent, coherent text and assisting in manuscript preparation
(Akhtom et al., 2023; Gao et al., 2023). These technologies offer
the potential to level the linguistic playing field, but they also raise
concerns about transparency and epistemic homogenisation
(Cheng, Calhoun & Reedy, 2025; De Maio et al., 2024).

Emerging studies have highlighted the risks of overreliance on AI-
generated text. While AI can improve surface-level clarity, it may
struggle with originality, creativity and alignment with journal-
specific requirements (De Maio et al., 2024; Gao et al., 2023).
Concerns about reduced linguistic and epistemic diversity in

AI-assisted manuscripts are growing, along with calls for clearer
disclosure policies and author accountability (Hosseini et al., 2023;
Nature Machine Intelligence, 2022). Identifying AI-generated con-
tent remains a challenge (Clark et al., 2021), and recent studies stress
the need for robust detection and ethical guidelines (Liebrenz et al.,
2023; Nature Editorial, 2023). Despite these concerns, AI tools
continue to offer meaningful benefits, especially to non-native
English speakers, by improving writing quality and expanding access
to academic discourse (Alharbi, 2023; Warschauer et al., 2023).

The global implications of English-language dominance and
the growing integration of AI tools in academic writing have
garnered increasing scholarly attention. However, few empirical
studies have systematically examined large-scale trends in writing
quality or assessed how digital infrastructure and AI-assisted tools
are reshaping scholarly expression across diverse contexts. This
study addresses that gap by analysing over one million social
sciences abstracts published between 2012 and 2024. It employs
established readability metrics to evaluate writing complexity,
investigates the influence of digital access and examines whether
recent advances, particularly large language models like
ChatGPT, are narrowing these divides or entrenching them fur-
ther. In doing so, it interrogates the notion of a ‘borderless’
academic writing landscape in an era shaped by global techno-
logical convergence.

Research questions. This study seeks to answer the following
questions:

a. How has the academic writing quality of social sciences
abstracts evolved from 2012 to 2024, and how does it vary
between native and non-native English-speaking countries,
and across gender, regional and income-based
classifications?

b. What are the key factors influencing writing quality in
academic abstracts, and how does internet access contribute
to these outcomes?

c. To what extent has the adoption of large language models
(LLMs) such as ChatGPT influenced language usage trends
and contributed to any observed improvements in writing
quality?

Materials and methods
Data and variables. This section outlines the dataset, variable
construction and methodological framework used to analyse
academic writing quality and the influence of AI and digital
access.

The study utilises a dataset of academic abstracts obtained
from the Web of Science Index, restricted to entries listed under
the Social Sciences Citation Index (SSCI). The dataset, retrieved
on March 15, 2024, comprises English-language research articles
published between 2012 and 2024 by three major academic
publishers. To ensure consistency and relevance, the following
inclusion criteria were applied: document type limited to
“Article,” language designated as “English” and indexing under
the SSCI. Records were excluded if they were duplicates, lacked
abstracts or originated from publishers outside the three selected
publishing houses. The final dataset consisted of approximately
1.03 million articles deemed suitable for analysis.

The data were organised and cleaned using Microsoft Excel,
with each row representing a unique article. Metadata fields
include author names, corresponding author affiliation and
country, publisher information, open access status, funding
acknowledgements and abstract text. While the abstracts served
as the primary material for evaluating academic writing quality,
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measured through established readability metrics, the accompa-
nying metadata enabled analysis of variations in writing
complexity and potential AI influence across dimensions such
as author gender, geographic origin, funding status and other
publication characteristics.

The dependent variable in this study is the quality of academic
writing, measured through readability scores calculated for each
abstract using a Python-based text analysis framework. The
independent variables encompass a range of publication char-
acteristics derived from the article-level metadata. The author’s
gender was inferred using the Gender API, applying a confidence
threshold of 80 per cent for inclusion. The country of the
corresponding author was extracted from the affiliation data and
subsequently classified by income level (High, Upper-Middle and
Lower-Income) and geographic region (East Asia and Pacific;
Europe and Central Asia; Latin America and the Caribbean;
Middle East and North Africa; North America; South Asia; and
Sub-Saharan Africa) based on the World Bank classification.
Countries were also categorised as either native or non-native
English-speaking, depending on whether English is regarded as a
native language. Additional explanatory variables in the analysis
include publication year, funding status, open access status and
internet penetration, which is measured by the number of fixed
broadband subscriptions per 100 individuals based on World
Bank data.

To evaluate the potential influence of large language models
(LLMs) on academic writing, this study adopts a lexical tracking
approach based on Liang et al. (2024). In their analysis, Liang
et al. generated a large sample of AI-produced texts using
ChatGPT and compared them to human-written academic
material. Using a frequency-based method, they calculated the
relative overuse of individual words in AI-generated texts and
identified the 100 adjectives and 100 adverbs most strongly
associated with LLM outputs. These validated lists were adopted
in our study as proxy indicators of potential LLM influence. The
frequency of each term was measured at the abstract level using
Microsoft Excel to assess stylistic shifts across groups classified by
language, region, income level and gender. Appendix Table I
presents the full set of variables used in the analysis, while
Appendix Tables II and III list the keywords drawn from Liang
et al. (2024).

Quantitative and econometric analysis. This study employs a
quantitative framework combining readability analysis, econo-
metric modelling and AI-related measures to examine the factors
influencing academic writing quality. Readability tests evaluate
writing complexity based on sentence length, word difficulty and
syllable counts. The Flesch-Kincaid Grade Level estimates the
educational level required for comprehension, focusing on sen-
tence and syllable structure. The Gunning Fog Index captures
cognitive effort by identifying complex words containing three or
more syllables, while the SMOG Index assesses reading difficulty
by counting polysyllabic words. While the primary results are
based on Flesch-Kincaid scores, the Gunning Fog and SMOG
indices are also reported in the Appendix to demonstrate con-
sistency and robustness.

Longer sentences and higher syllable counts are generally
associated with greater linguistic complexity, which often
corresponds to more intricate syntax and increased cognitive
processing demands (Flesch, 1979). Readability metrics are
therefore useful for capturing structural and lexical elements that
contribute to writing sophistication (Vajjala & Meurers, 2012).
Prior studies by Beers and Nagy (2009) and Bi and Jiang (2020)
further show that syntactic complexity, including the use of
longer clauses and diverse sentence structures, contributes to

perceived writing quality. However, readability metrics also
highlight a potential trade-off: increased linguistic complexity
may enhance the perceived sophistication of writing but
simultaneously reduce accessibility, particularly for non-native
English-speaking audiences.

The analysis proceeds in three stages, each addressing a distinct
aspect of writing quality. First, it evaluates changes in readability
over time and across key demographic categories, including
author gender, national income level, regional grouping and
leading publishing countries (USA, UK and China). Graphical
representation is used to highlight differences and emerging
patterns across these dimensions.

Second, the study examines the determinants of writing quality
using a mixed generalised linear model (GLM). This modelling
strategy accommodates the nested nature of the dataset, where
individual publications are grouped within countries with
differing social, economic and institutional contexts. Fixed effects
are used to estimate the influence of variables such as internet
access, open access status and author gender, while random
effects account for unobserved variation at the country level.
Allowing slopes to vary for internet penetration further reveals
how the relationship between digital infrastructure and writing
quality may differ across countries. The Annexure provides a
detailed explanation of the model formulation and interpretation
of fixed and random components.

Third, the study investigates how large language models
(LLMs) may shape academic writing patterns. It calculates the
frequency of 100 adjectives and 100 adverbs identified by Liang
et al. (2024) as more commonly used in AI-generated texts and
compares their distribution across demographic and regional
categories. Graphical methods illustrate how the presence of these
terms has changed over time, providing insight into the potential
influence of LLMs on linguistic practices in academic abstracts.

Results
This section presents the empirical findings on writing com-
plexity, examining variation across demographic and linguistic
groups, the influence of key publication-related factors and pat-
terns potentially associated with LLM usage.

Geographic, economic and gender disparities in writing qual-
ity. This section provides the variation of the Flesch-Kincaid
Reading Grade across different demographic and economic
groups. The analysis of other readability tests for these groups is
provided in the Appendix for a robustness check (Appendix
Figure II to Figure XV).

Figure 1 displays the average readability scores by various
demographic and economic factors. As expected, countries where
English is the native language demonstrate higher readability
scores, reflecting more complex sentence structures that require
advanced reading comprehension. Similarly, publications from
high-income countries generally exhibit higher readability scores
compared to those from lower-income countries, suggesting
differences in academic writing standards. Gender-based differ-
ences are also evident. On average, female first-authored abstracts
exhibit higher readability scores than male-authored ones,
indicating potential differences in the complexity of written
content. Figure 2 presents regional patterns, where South Asia
records the lowest average scores, while East Asia & Pacific and
Sub-Saharan Africa show higher scores, indicating substantial
regional variation in writing complexity.

The trends in Flesch-Kincaid Grade Scores from 2012 to 2024
across various categories highlight notable trends in the evolution
of academic writing quality. Figure 3 depicts a general upward
trend with occasional spikes in readability scores for the study
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period, indicating improved writing quality. However, a notable
dip occurred in 2020, likely impacted by the COVID-19
pandemic. Figure 4 provides a comparative analysis of the
evolution of writing quality between English-native and non-
English-native countries. While publications from the English-
native countries initially exhibited a higher reading score, the
non-English speaking countries have made significant improve-
ments, closing the gap. This convergence suggests a levelling of
global academic writing standards.

Figure 5 depicts the temporal progression of writing complex-
ity across income groups. Although high-income countries
maintained the highest scores for much of the study period,
upper-middle-income countries eventually surpassed them.
Figure 6 compares the top three publishing countries—China,

the United Kingdom and the United States. The United Kingdom
consistently recorded the highest readability scores, reflecting
greater linguistic complexity. Notably, China, which began with
the lowest scores in 2012, demonstrated significant improvement
over time, overtaking the United States by 2019 and approaching
the United Kingdom by 2024. This trajectory highlights China’s
rapid progress in English academic writing and challenges the
conventional dominance of native English-speaking countries.
Appendix Figure II presents gender-based trends in readability
scores. Although abstracts with female first authors initially
demonstrated higher scores, the gap narrowed after 2020, and
male-authored abstracts eventually surpassed them, suggesting a
shift in English writing proficiency across genders within
academic contexts.

Fig. 1 Average Flesch-Kincaid Grade by demographic and economic factors. This figure displays the average Flesch-Kincaid Grade level of academic
writing quality across various demographic and economic categories, including language (English vs. Non-English), income level (High Income, Upper
Middle Income, Lower Income), country (China, United Kingdom, United States), and gender (Female, Male).

Fig. 2 Average Flesch-Kincaid Grade by region. This figure presents the average Flesch-Kincaid Grade level across different global regions, highlighting
regional disparities in academic writing quality. Regions include Sub-Saharan Africa, South Asia, North America, Middle East & North Africa, Latin America
& Caribbean, Europe & Central Asia, and East Asia & Pacific.
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Econometric analysis of factors influencing writing quality.
Table 1 presents the results of a mixed-effects generalised linear
model (GLM) analysing the factors associated with academic writing
quality, as measured by Flesch-Kincaid Grade Scores. Internet pene-
tration, measured by fixed broadband subscriptions per 100 people,

emerged as a significant predictor and was positively correlated with
writing complexity. This suggests that greater internet access is
associated with the production of more complex academic texts.

Native language also showed a significant effect. Publications
from native English-speaking countries generally exhibited higher

Fig. 3 Average Flesch-Kincaid Reading Score over the years. This figure illustrates the trend in average Flesch-Kincaid Grade levels for academic
abstracts from 2012 to 2024, showing how writing complexity has evolved over time.

Fig. 4 Average Flesch-Kincaid Reading for native English-speaking and non-native English-speaking countries. This figure compares the average
Flesch-Kincaid Grade levels between native English-speaking and non-native English-speaking countries from 2012 to 2024, demonstrating trends in
writing quality across linguistic backgrounds.

Fig. 5 Average Flesch-Kincaid Reading for income groups. This figure shows the average Flesch-Kincaid Grade levels for academic writing across different
income groups (High Income, Upper Middle Income, Lower Income) over the period from 2012 to 2024.
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levels of writing complexity compared to those from non-native
English-speaking countries. Additionally, the gender of the first
author was significantly associated with writing quality, with
female-authored publications displaying higher readability scores
than their male-authored counterparts. Funding status and open-
access publication were also found to be influential. Notably,
publications that were funded or published open access tended to
have lower readability scores than those that were unfunded and
not open access.

The impact of income and regional groups on writing quality
became modest with controls for internet penetration and native
language. High-income status did not have a statistically

significant impact relative to low-income status, while upper-
middle- and lower-middle-income classifications were positively
and significantly associated with writing quality. Regionally,
publications originating from Latin America and the Caribbean,
as well as Sub-Saharan Africa, demonstrated significantly higher
readability scores compared to the reference group of the Middle
East and North Africa. In contrast, no significant differences were
observed for publications from North America, Europe and
Central Asia or East Asia and the Pacific.

Influence of AI on academic writing. This section analyses the
evolving use of linguistic elements commonly associated with
large language models (LLMs) such as ChatGPT across different
demographic categories. Figure 7 presents longitudinal trends in
the usage of specific adjectives and adverbs frequently over-
represented in AI-generated texts, comparing native English-
speaking and non-native English-speaking countries. Initially,
native English-speaking countries exhibited higher usage of these
terms. However, from 2021 onwards, non-native English-speak-
ing countries demonstrated a notable increase, ultimately sur-
passing their native counterparts. This shift suggests a wider
global diffusion of AI-assisted writing tools. Further differences
emerge across economic classifications. Upper-middle-income
and lower-income countries recorded higher frequencies of these
stylistic markers compared to high-income countries, indicating
broader adoption of AI-supported linguistic conventions across
income strata (Appendix Figures III and IV).

Figure 8 illustrates trends in the usage of unique adjectives and
adverbs commonly associated with large language models (LLMs)
across the top three publishing countries—China, the United
Kingdom and the United States. The figure reveals a marked
increase in the use of LLM-associated linguistic patterns,
particularly in China, which shows a significant surge post-
2021. This rise corresponds with the previously observed
improvement in China’s overall writing complexity, reinforcing
a potential link between increased LLM usage and enhanced
readability scores.

Figure 9 and Appendix Figure V provide insights into the
adoption of specific terms identified as being commonly overused
by LLMs, such as meticulous and intricate. Between 2022 and
2024, the term meticulous experienced a 7.8-fold average increase
in usage across all groups. Non-native English-speaking authors
exhibited a tenfold increase compared to a 2.28-fold increase
among native English speakers. Gender-based patterns were also
evident. Male first-authored studies used the term 13 times more

Fig. 6 Average Flesch-Kincaid Reading among the top 3 publishing countries. This figure displays the average Flesch-Kincaid Grade levels for the top
three publishing countries—China, the United Kingdom, and the United States—over the period from 2012 to 2024.

Table 1 Mixed GLM-factors impacting academic writing.

Flesch Kincaid Grade Coefficient Std. err. P > z

Internet penetration 0.0315 0.0044 0.000
Native Language English 0.3280 0.1231 0.008
Native Language Non-

English (omitted)
Female 0.0311 0.0103 0.003
Male (omitted)

Funded −0.2972 0.0107 0.000
Non-Funded (omitted)

Open Access −0.1969 0.0115 0.000
Non-Open Access (omitted)

High Income 0.2662 0.2573 0.301
Upper Middle Income 0.5927 0.2380 0.013
Lower Middle Income 0.6351 0.2255 0.005
Low Income (omitted)

East Asia Pacific 0.2205 0.1448 0.128
Europe and Central Asia 0.2069 0.1391 0.137
Latin America and Caribbean 0.5089 0.1634 0.002
South Asia 0.3648 0.1793 0.042
North America −0.0149 0.2306 0.949
Sub-Saharan Africa 0.9702 0.1669 0.000
Middle East and North
Africa (omitted)
_cons 13.2452 0.2484 0.000

This table presents the results of a Mixed Generalised Linear Model (GLM) assessing the
impact of various demographic, economic, and academic factors on the quality of academic
writing, as measured by the Flesch-Kincaid Grade level. Coefficients indicate the relationship
strength and direction between each factor and the Flesch-Kincaid Grade. Standard errors (std.
err) and p-values (P > z) are included to indicate the precision and statistical significance of
these relationships. Factors considered include internet penetration, native language, gender,
funding status, open access status, income levels, and geographical regions. The omitted
categories for comparison are provided in parentheses.
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while female studies showed a fourfold increase, suggesting
notable gender-based adoption patterns. Regionally, the term’s
usage increased by 1.8 times in the United States, four times in
the United Kingdom and an impressive seventeen times in China.
These patterns highlight China’s substantial adoption of LLM-
influenced linguistic tools compared to other regions.

Similarly, Appendix Figure V shows that the term intricate saw
a 5.9-fold increase overall. Non-native English speakers increased
their usage eightfold while native English speakers showed a 2.8-
fold increase. Among high-income countries, there was a 4.6-fold
increase in usage, with China and the UK recording significant
rises of 10.18 and 6.89 times, respectively. In contrast, usage of
intricate declined slightly in the United States.

Discussion
This section interprets the study’s findings in relation to existing
debates on writing quality, digital access and AI-driven language
support in academic publishing.

The study examined how the complexity of academic writing
in social sciences abstracts evolved from 2012 to 2024 across
geographic, linguistic and economic contexts. It further explored
the influence of digital infrastructure and large language models
(LLMs) on these trends, using large-scale readability metrics and
mixed-effects econometric modelling.

The findings reveal a steady improvement in writing com-
plexity globally, with particularly notable gains among authors
from non-native English-speaking and lower-income countries.

This convergence suggests that digital tools and institutional
emphasis on communication standards may be narrowing his-
torical disparities in scholarly expression. China’s rise in read-
ability scores, now surpassing some native English-speaking
countries, mirrors earlier evidence that national policy initiatives
have enhanced English proficiency and research visibility (Gao &
Zheng, 2019).

Regression analysis underscores broadband access as a key
predictor of writing quality. This is consistent with previous work
linking digital connectivity to increased research output and aca-
demic capacity (Xu & Reed, 2021). Tools like Grammarly and
other AI-assisted platforms are known to help researchers refine
grammar and style, particularly in contexts where access to pro-
fessional editing services is limited (Katsnelson, 2022; Ghufron &
Rosyida, 2018). von Garrel, Mayer (2023) further show that such
tools are widely used among university students, including in the
social sciences, for tasks including translation, content creation
and clarity improvement. Nonetheless, their limitations in asses-
sing argumentative clarity and disciplinary depth have also been
noted in recent empirical studies (Al-Kadi, 2025).

A notable pattern in our results is the increased use of adjec-
tives and adverbs typically associated with LLMs, especially in
abstracts from non-native and lower-income regions. This sug-
gests a growing reliance on AI tools in academic writing (Cui,
2025). Similar large-scale trends have been reported by Geng and
Trotta (2024), who examined over one million arXiv abstracts
and found a marked rise in ChatGPT-associated word frequencies
following its release, particularly in computer science. Their

Fig. 7 Trends in the use of unique adjectives and adverbs in academic writing: English vs. non-English native countries. This figure shows the trend in
the usage of unique adjectives (subplot 1) and unique adverbs (subplot 2) commonly associated with AI-generated content in academic writing across
English-speaking and non-English-speaking countries from 2012 to 2024.
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Fig. 8 Evolution of unique adjective and adverb usage by the top 3 publishing countries. This figure presents the evolution of unique adjectives (sub-plot
1) and unique adverbs (sub-plot 2) commonly associated with AI-generated content in academic writing in the top three publishing countries—China, the
United Kingdom, and the United States—from 2012 to 2024.

Fig. 9 Trend in usage of the term “meticulous”. This figure tracks the usage frequency of the word “meticulous,” identified as characteristic of AI-
generated text, across various dimensions. The figure includes an overall trend line showing how the term’s usage has changed over time from 2012 to
2024. Additionally, it compares the usage between native and non-native English-speaking countries, gender groups (male vs. female), and among the top
three publishing countries (China, the United Kingdom, and the United States).
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findings offer independent confirmation that LLMs are reshaping
writing styles at scale. Consistent with this, our study observes
increased use of LLM-associated linguistic features across social
sciences abstracts, reflecting broader stylistic shifts in academic
writing. Recent studies further affirm that LLMs enhance struc-
tural and syntactic fluency, particularly for non-native English
speakers (Li et al., 2024) and support writing productivity by
assisting with editing, formatting and summarising tasks
(Korinek, 2023). However, these benefits are not universal. For
instance, Bašić et al. (2023) found that access to ChatGPT did not
significantly improve student essay performance, suggesting that
effectiveness may depend on user familiarity and context.

While our findings highlight the growing presence of AI-
influenced language in academic abstracts, they also point to
broader implications for scholarly communication. Emerging
literature suggests that while such tools can enhance standar-
disation and linguistic accessibility, they may also contribute to
stylistic convergence at the expense of narrative depth and
originality. Studies have shown that AI-generated texts, though
grammatically polished, often exhibit predictable structures and
limited creative nuance (Conroy, 2023; Kong & Liu, 2024),
potentially diluting the richness of academic discourse. In
addition, the increasing indistinguishability of AI-generated
content (Clark et al., 2021) complicates efforts to uphold
transparency and authorship accountability. Although models
like ChatGPT can produce human-like text (Gao et al., 2023),
they frequently struggle with context-specific reasoning, dis-
ciplinary conventions and formatting requirements (Oates,
Johnson, 2025). Furthermore, the reliance on training data
skewed toward dominant linguistic and cultural norms raises
concerns about embedded bias and the reinforcement of existing
academic hierarchies (Humble & Mozelius, 2022). These risks
are further compounded by the commercialisation of advanced
AI platforms, which may limit equitable access for scholars in
less-resourced settings (Liebrenz et al., 2023; Michalak &
Ellixson, 2025).

To address these concerns, journals and academic institutions
should implement robust AI-detection mechanisms such as
watermarking, metadata tracking and algorithmic screening, and
collaborate with AI developers to refine these tools in line with
evolving capabilities. An essential first step is mandating the
disclosure of AI use at the time of submission, with guidelines
that clearly distinguish between AI-generated content, produced
autonomously by generative tools like ChatGPT, and AI-enabled
content, where tools are used solely to enhance grammar or style
without contributing substantive content. These guidelines should
be regularly updated to reflect advances in AI and ensure ongoing
ethical compliance. In parallel, institutions and research funders
must invest in capacity-building initiatives that equip scholars
with the knowledge to engage with these technologies responsibly.
Expanding access to open-source AI tools and promoting the use
of linguistically and culturally diverse training datasets can help
mitigate systemic bias. Transparent disclosure of AI involvement
in data handling, model use and content generation is critical to
maintaining trust in AI-assisted research and upholding scholarly
accountability.

Overall, this study provides large-scale empirical evidence of an
overall improvement in academic writing quality, particularly in
regions historically marginalised due to linguistic and infra-
structural disadvantages. These gains appear to be supported by
expanded internet access and the growing integration of AI tools
in academic writing. However, realising the full potential of these
technologies will depend on how inclusively and ethically they are
implemented. Technological progress should enhance rather than
compromise the plurality and scholarly rigour of global academic
communication.

Conclusion
This section synthesises the study’s key findings in relation to the
research questions and discusses their broader implications for
linguistic equity and scholarly participation.

In response to the first research question, the study found a
consistent upward trend in writing complexity from 2012 to 2024,
with especially notable gains among authors from non-native
English-speaking countries. For the second question, internet
access—measured by fixed broadband subscriptions—emerged as
a significant predictor of writing quality; countries with stronger
digital connectivity tended to produce more syntactically complex
texts, suggesting that digital infrastructure may enable more
advanced academic expression. Addressing the third question,
lexical analysis showed that LLM-associated language patterns
have become increasingly common, particularly in abstracts by
non-native English-speaking and lower-income authors. This rise
coincided with the period of most notable writing improvements
for these groups. Although the method does not establish caus-
ality, the alignment between linguistic shifts and quality gains
suggests that generative tools may be contributing to changes in
academic expression.

Historically, academic publishers have offered optional lan-
guage editing services to support authors facing linguistic bar-
riers, but such services are often financially inaccessible in under-
resourced settings. In contrast, LLM-enabled tools offer a more
scalable and affordable alternative, allowing researchers to focus
on content rather than surface-level correction. As these tools
become more widely adopted, they may support broader inclu-
sion in academic publishing.

This study does not advocate replacing human authorship.
While AI tools can enhance clarity and style, the foundation of
academic writing remains rooted in original thought, disciplinary
expertise and critical analysis. Ensuring ethical and transparent
use of these technologies is essential for protecting scholarly
integrity, intellectual diversity and equitable participation in
global research.

Taken together, the findings show that writing quality in social
sciences abstracts has improved over time, with the most marked
gains among non-native English-speaking and lower-income
authors. These shifts appear linked to both structural factors, such
as expanded internet access, and the increasing use of AI-based
tools like LLMs. The lexical patterns observed suggest that such
tools may be helping scholars achieve greater fluency and
coherence, especially where access to formal editing support is
limited. While not a substitute for scholarly judgement, gen-
erative tools may help reduce persistent linguistic and infra-
structural barriers, contributing to more inclusive global
academic communication.

Limitations and future directions
This section outlines the study's main limitations and proposes
areas for future research to address unresolved questions and
expand the scope of analysis.

First, the dataset is restricted to the Web of Science—Social
Sciences Citation Index (SSCI) and includes only articles from
three major academic publishers. While this ensures consistency
in metadata and classification, it limits the breadth and gen-
eralisability of the findings relative to broader databases such as
Scopus or Lens.org.

Second, the analysis focuses on abstracts rather than full
manuscripts. Although abstracts are widely used and standardised
for academic summaries, they do not capture the depth of
argumentation, structural organisation or conceptual framing
present in complete articles. Additionally, the use of readability
metrics offers insight into surface-level linguistic complexity but
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does not assess deeper qualities such as reasoning clarity or
rhetorical flow. Future studies could address this by incorporating
qualitative assessments to provide a more comprehensive view of
writing quality.

Third, the study uses a fixed set of 100 adjectives and 100
adverbs previously identified by Liang et al. (2024) as stylistically
prominent in AI-generated text. These were employed as proxy
indicators to explore the potential influence of large language
models (LLMs) on academic writing. While this approach pro-
vides a useful starting point, the limited scope of the lexical list
may not fully capture the broader spectrum of AI-influenced
language. We did not independently derive or validate a new
lexicon as this was beyond the scope of the present study. Future
studies could build on this by conducting original analyses to
identify evolving linguistic markers of AI-generated content
across disciplines and genres. Additionally, the econometric
models used in this study incorporate data only up to 2021,
potentially missing more recent shifts in writing practices fol-
lowing the wider adoption of AI tools in academic workflows
after the COVID-19 pandemic.

Fourth, gender classification was conducted using the Gen-
der API, applying an 80% confidence threshold. While suitable
for large-scale inference, this method may misclassify cultu-
rally ambiguous or less common names. Accordingly, conclu-
sions related to gender should be interpreted with appropriate
caution.

Future research could further examine the broader influence of
artificial intelligence on education, creativity and communication.
At the primary and secondary education levels, the integration of
AI tools may impact the development of foundational writing
skills and raise concerns regarding academic integrity in student
assignments. The ability of AI systems to generate creative out-
puts, such as poetry and narrative prose, also invites reflection on
the evolving nature of human creativity and artistic expression in
an increasingly automated environment. Moreover, AI-enabled
translation and drafting tools hold potential for enhancing pro-
fessional communication, enabling non-native speakers to pro-
duce official documents more independently and promoting
greater inclusivity in administrative and institutional contexts.

The ethical and inclusive integration of AI into academic
practice will require sustained attention, responsive policy
development and sensitivity to disciplinary and regional contexts.
Addressing these issues allows the academic community to
leverage AI’s advantages to foster equitable participation while
safeguarding scholarly diversity and integrity.

Data availability
The dataset and replication code used in this study are openly
available on Zenodo at the following https://zenodo.org/records/
15755757.
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