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A Survey of Scientific Large Language Models:
From Data Foundations to Agent Frontiers
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Abstract—Scientific Large Language Models (Sci-LLMs) are transforming how knowledge is represented, integrated, and applied in
scientific research, yet their progress is shaped by the complex nature of scientific data. This survey presents a comprehensive, data-
centric synthesis that reframes the development of Sci-LLMs as a co-evolution between models and their underlying data substrate.
We formulate a unified taxonomy of scientific data and a hierarchical model of scientific knowledge, emphasizing the multimodal,
cross-scale, and domain-specific challenges that differentiate scientific corpora from general natural language processing datasets. We
systematically review recent Sci-LLMs, from general-purpose foundations to specialized models across diverse scientific disciplines,
alongside an extensive analysis of over 270 pre-/post-training datasets, showing why Sci-LLMs pose distinct d ds—het,
multi-scale, uncertainty-laden corpora that require representations preserving domain invariance and enabling cross-modal reasoning.
On evaluation, we examine over 190 benchmark datasets and trace a shift from static exams toward process- and discovery-oriented
assessments with advanced evaluation protocols. These data-centric analyses highlight persistent issues in scientific data development
and discuss emerging solutions involving semi-automated annotation pipelines and expert validation. Finally, we outline a paradigm
shift toward closed-loop systems where autonomous agents based on Sci-LLMs actively experiment, validate, and contribute to a
living, evolving knowledge base. Collectively, this work provides a roadmap for building trustworthy, continually evolving artificial
intelligence (AI) systems that function as a true partner in accelerating scientific discovery.

Index Terms—Large Language Model; Al for Science: Scientific Data; DatadLLM
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RETRACTED ARTICLE: The effect of ChatGPT
on students’ learning performance, learning
perception, and higher-order thinking: insights
from a meta-analysis

Jin Wang & Wenxiang_Fan &

Humanities and Social Sciences Communications 12, Article number: 621 (2025) ‘ Cite

this article

475k Accesses ‘ 258 Citations ‘ 738 Altmetric ‘ Metrics

Retraction Note to: Humanities and Social Sciences Communications

https://doi.org/10.1057/s41599-025-04787-y, published online 06 May 2025

The Editor has decided to retract this paper owing to concerns regarding
discrepancies in the meta-analysis. These issues ultimately undermine the
confidence the Editor can place in the validity of the analysis and resulting
conclusions. The authors have not responded to correspondence regarding this

retraction.

Author information

Authors and Affiliations

Jing Hengyi School of Education, Hangzhou Normal University, Hangzhou,
China
Jin Wang & Wenxiang Fan
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Referred to by Retraction notice to “The application and challenges of ChatGPT in

educational transformation: New demands for teachers' roles” [Heliyon...
Heliyon, Volume 11, Issue 9, April 2025, Pages e43319
Hao Yu

L) View PDF

This article has been retracted: please see Elsevier Policy on Article Withdrawal
(https:/[www.elsevier.com/about/policies/article-withdrawal »).

This article has been retracted at the request of the Editors.

Post-publication, an investigation conducted by Elsevier's Research Integrity & Publishing
Ethics team on behalf of the journal identified references that are irrelevant to the article
and a distinct lack of citations in large sections of the text.The author was asked to
comment upon the references in their work but was unable to satisfactorily address the
reason for the references.

Additionally, there are concerns that the author appears to have used a Generative Al
source in the writing process of the paper without disclosure, which is a breach of
journal policy.

Consequently, the editor no longer has confidence in the integrity and the findings of the
article and has decided to retract it. The scientific community takes a very strong view on
this matter and apologies are offered to readers of the journal that this was not detected
during the submission process.
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A Cogitation on the ChatGPT Craze from the Perspective of Psychological
Algorithm Aversion and Appreciation [Retraction]
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At the authors request, we, the Editor and Publisher of the journal Psychology Research and Behaviour Management
have retracted the following article.

Following publication of the article, the author advised the journal that a significant portion of the article’s content was
derived from translations of the Chinese language article ‘Cold thoughts under the ChatGPT craze: A perspective of
disgust and appreciation based on psychological algorithms’ which was published in 2023 by Qi1 Yawei et al, by the
Journal of Chongqing University of Technology (Social Science). The author did not provide adequate acknowledgment
regarding the original source material.

The author apologizes for this error and appreciates the readership’s understanding in this matter. In the interest of
upholding research integrity and ensuring the trustworthiness of the scientific record, the author believes it is necessary to
retract the article. We, the Editor and Publisher, agreed with this decision.
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We, the Publisher, have retracted the following article: Haroon Altarawneh (2023).
ChatGpt impact on Student Educational Performance: a conceptual analysis.
https://doi.org/10.4108/eetel.4574 The article has been retracted due to
misconduct during the peer review process. This does not implicate any
wrongdoing from the author’s side. We informed the authors about this decision.
The retracted article will remain, and it has been watermarked as “RETRACTED".
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Journal of the Knowledge Economy (2025) 16:19099
https-//doi.org/10.1007/513132-025-02992-3

Retraction Note: Application of Generative Artificial
Intelligence AIGC Technology Under Neural Network
Algorithm in Game Character Art Design

Jiaqi Li' - Qinchuan Liu'?

Published online: 22 November 2025
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature
2025
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Retraction Note: Journal of the Knowledge Economy (2024) 16:4652-4683
https://doi.org/10.1007/513132-024-02152-z

The Editor-in-Chief and the publisher have retracted this article. The article was sub-
mitted to be part of a guest-edited 1ssue. An mvestigation by the publisher found a
number of articles, including this one, with a number of concems, including but not
limited to compromised editonal handling and peer review process, inappropnate or
urelevant references or not being in scope of the journal or guest-edited 1ssue. Based

on the mvestigation’s findings the Editor-m-Chief therefore no longer has confidence
in the results and conclusions of this article.

Author Jiaq1 L1 & Qinchuan Liu disagree to this retraction.



LETTER
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to enhance hemodynamic managementin the

ICU

Alexander P.J. Vlaar"”

© 2024 Springer-Verlag GmbH Germany, part of Springer Nature

The Editor-in-Chief has retracted this article. Follow-
ing publication, it became apparent that the peer review
process had not been carried out in accordance with the
journal’s editorial policies.

Additionally, concerns were raised that many of the
listed references could not be verified in the scientific
record. The authors have stated that these non-existent
references resulted from the use of generative Al to con-
vert the PubMed IDs of cited articles into a structured
reference list. They have provided timestamped files to
demonstrate this.

As a result, the Editor-in-Chief no longer has confi-
dence in the reliability of the contents of the article. All
authors disagree with the retraction.

, Sheila N. Myatra? and Christian Jung®

The online version of this article contains the full text
of the retracted article as Supplementary Information.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1007/s00134-024-07752-6.

Publisher’s Note
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potential for global deployment in language-related cognitive
modeling under environmental stressors.

5 Conclusions and future work

Exploring the EEG Representation of English Listening
Comprehension Under Hypoxic ConditionsAll the files uploaded
by the user have been fully loaded. Searching won’t provide
additional information.This study investigates the impact of

TYPE Original Research
PUBLISHED 18 June 2025
pol 10.3389/fnins.2025.1540539

Exploring the EEG representation
of English listening
comprehension under hypoxic
conditions

hypoxic conditions on English listening comprehension, an
area of growing relevance for cognitive performance in high-
altitude environments. By addressing the limitations of traditional
behavioral and physiological approaches, which often lack depth in
capturing neural responses, the research introduces an innovative
framework. This framework integrates EEG-based neural decoding
with the Dynamic Linguistic Enhancement Model (DLEM),
which enhances linguistic analysis through adaptive vocabulary,
contextual grammar application, and cultural embedding. Using
real-time EEG feedback, the study further employs the Contextual
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This article has been retracted at the request of the Editor-in-Chief.

1. Introduction

Some of the most i
ment are phenolic che
paint, pharmau:eur :

pollutants In today’s environ-
rees, including mining,
plants, pesticides, and so
ts of phenolic compounds
these compounds naturally
ed during synthesis and decom-
we stability, toxdeity, and potentially
of these phenolic contaminants threaten
2 t, determining the danger of specific environ-

mental samples reqH he ability to detect phenalic chemicals.
Phenol, the simplest phenolic compound, is widely present in natural
waters, industrial effluents, and contaminated sites [1]. It is a corrosive

* Corresponding authors.

E-mail addresses: mraish @ kasedi s (M. Raish), yacine

hatps/ doiarg 10, 1016/ electac

and irritating substance readily absorbed through the skin, respiratory,
and gastrointestinal tracts in humans and animals, posing significant
health risks with acute and chronic exposure [2]. Because of its high
toxicity to humans and squatic life, phenol is classified as a priorty
pallutant and subject to mandatory monitoring in many countries [3].
Accordingly, international organizations have established maximum
allowable limits of 0.5 pg/L for total phenolic compounds and 0.1 pg/L
for individnal phenol in freshwater [4].

Traditional methods for phenol analysis, including chromatography
and spectroscopy, are highly sensitive but limited by high operational
costs, lengthy sample preparation, and reliance on sophisticated in-
struments. By contrast, electrochemical methods offer rapid, low-cost,
and portable alternatives, with minimal sample handling and potential
for real-ime monitoring. These advantages motivate the use of

ifde (¥, Benguerba)

Received 4 July 2025; Received in revised form 3 Seplember 2025; Accepled 4 September 2025

Available online 5 September 2025

00134686,/ 2025 Elsevier Lud. All rights are reserved, including those for text and data mining, Al iraining, and similar technaologies.

The authors have plagiarized part of a paper that had already appeared in a PhD thesis of
Mrs. Imene Abdou, submitted to the Department of Chemistry, University of Batna 1, in
2020, without obtaining authorisation and without acknowledging the thesis author as a
co-author. One of the conditions of submission of a paper for publication is that authors
declare explicitly that their work is original and has not appeared in a publication
elsewhere. Re-use of any data should be appropriately cited. As such this article
represents a severe abuse of the scientific publishing system. The scientific community
takes a very strong view on this matter and apologies are offered to readers of the journal
that this was not detected during the submission process.
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Keywords: Nanostrucrire engined
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gsitional optimization are crucial for enhancing the performance of
Zn0) Is a promising supercapacitor electrode material; however, is

Pseudocapacitars slow kinericg a peMormance. Hereln, we synthesized Zn0) and NBN using hydrothermal
gzgﬁi:““’”"ﬂ broduced NbN-Zn0 nanocomposites 1o address these lssues. Zn) nanoparticles
Spﬂ'jﬁr-cap.mlalrr pte, resulting in a hybeld structure with a lasge specific surface area thar improves
Power density bsion. Ar 1 A g', the composite materlal had a substantially greater specific
Cyclic stability pure Zn0 (175 F g'). The NBN-Zn0,/MnOz asymmetric supercapacitor (ASC) has a

Fglatl A g and a maximum energy density of 76 Wh kg™, It retains 92211 % of s
ance af[er 10,000 eyeles at 10 A g, indicating high performance and eycling stability. Thesze
at using the NbN-ZnO composite nanostructure as a negative electrode In an asymmetric
produce more efficlent energy storage solutlons for practical applications.

cells, supercapacitors, have been extensively investigated to address this
challenge [8,9]. In recent years, there has been growing interest in
ediate issues of energy environmentally friendly energy systems, driven by their inherent ben-
. In response to these con- efits, including sustainability, cleanliness, and redured environmental

cerns, ther " Ing re effective sustainable energy impact. Among these, supercapacitors have emerged as a particularly
SOUTCES 3 L AR energy storage systems [1-5]. promising technology for renewable energy storage, offering benefits
Hybrid ele® gadgets, consumer electronics, and such as high-power density, efficient charges and discharge rates, long

predominantly depend on electrical energy as their service cycle and minimal environmental impact [10-15]. To enhance
gerey source [6,7]. Nevertheless, a considerable the energy density of supercapacitors and meet high energy storage

chieve a balance between energy consumption demands, modifying the composition and structure of electrode mate-
and production w‘hl]e minimizing adverse environmental impacts and rials is a promising approach. Additionally, hybrid supercapacitors,
pollution. Several energy storage technologies, including batteries, fuel which combine high energy materials as the positive electrode and

* Corresponding authors,

E-mail addresses: : Leom (AU, Khan), zlaullzh2331@gmall com (MZU. Shah), mezaki@imamu.edu.sa (MEA. Zaki)
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This article has been retracted: please see Elsevier policy on Article Correction, Retraction
and Removal (https://www.elsevier.com/about/policies-and-standards/article-

withdrawal 2).
This article has been retracted at the request of the Editor-in-Chief.

Following extensive correspondence and alleged evidence offered by both parties
involved in this dispute, the handling editor, together with the Editor-in-Chief and the
Publisher of Electrochimica Acta have reviewed the concerns raised regarding the above
article and the Authors response and taken the decision to retract the article based on
the reasons that Disputed data ownership (of SEM, EDS, XPS, XRD and electrochemical
data, appearing both in the paper and the MSc Thesis “Preparation and properties of
NbN/X (Fe203, ZnO, CuO) electrode materials for supercapacitors” by Yongguo Zhang,
Kunming University of Science and Technology, China, 2024) and suspected data
manipulation (SEM of Figure 1.b, containing sections more similar than expected).

The scientific community takes a very strong view on this matter and apologies are
offered to readers of the journal that this was not detected during the submission

process.
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Retraction notice to “The Prognostic-Diagnostic paradox of lead aVR: from
‘STEMI-Equivalent’ to ‘High-Risk NOMI’ in the era of precision cardiology”

[IJC Heart Vasc. 63 (2026) 101893]

Bin Deng ®, Wenhua Liu ", Qingmin Chu°®

 Department of Cardiology, Shenzhen Bao'an Chinese Medicine Hospital, PR China
® Department of Endocrinology, Bao'an Authentic TCM Therapy Hospital, PR China

¢ Department of Cardiology, The First Affiliated Hospital of Guangzhou University of Chinese Medicine, PR China

This article has been retracted: please see Elsevier Policy on Article
Withdrawal (https://www.elsevier.com/about/policies/article-with
drawal).

[6,9,20,21,22] appear to be non-existent.

This article has been retracted at the request of the Editor-in-Chief.

Post-publication, the journal has identified the presence of one or
more references that cannot be verified, as indicated below:

References [1,2,3,4,5,7,8,11,12,13,16,18,19,23,25,26,27] have
mismatched article titles, journal titles, author lists, and DOIs. Reference

The journal reached out to the authors for an explanation, but they
failed to provide a satisfactory response. The Editor has lost confidence
in the results and conclusions of the article and has determined it should
be retracted. The journal apologises for not having identified the
Generative-Al misuse during the review process and for any resulting
inconvenience. This decision aligns with the Committee on Publication
Ethics (COPE) guidelines and Elsevier's policies.
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The NEW ENGLAND JOURNAL of MEDICINE

CORRESPONDENCE

Retraction: Bronchial Casts from Inhalation
of Forest-Fire Smoke. N Engl ] Med 2026;394:1634.

TO THE EDITOR: We were unaware of Journal
policies on image manipulation and had altered
our submission by using an artificial intelligence
(AD) tool to move the ruler to the top of the image.
We therefore wish to retract our image and case
report.!

Yuling Wang, M.Med.,! and Xiangdong Mu, M.D.?

'Daxing Teaching Hospital, Capital Medical University, Beijing;
2Beijing Tsinghua Changgung Hospital, Beijing.

Editor's note: Authors are required to disclose any use of Al tools
and any changes made to images. Please consult our editorial
policy at NEJM.org for details regarding the use of Al-assisted
technology (https://www.nejm.org/about-nejm/editorial-policies).

This letter was published on April 29, 2026, at NEJM.org.

1. Wang Y, Mu X. Bronchial casts from inhalation of forest-fire
smoke. N Engl ] Med 2026;394:1634.

DOI: 10.1056/NEJMc2605962
Correspondence Copyright © 2026 Massachusetts Medical Society.
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The roots of formal education in Thailand can be traced back to the 13th centu
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The roots of formal education in Thailand can be traced back to the 13th century with the establishment
of Buddhist temples, which served as centers of learning. Monks were the primary educators, teaching
religion, philosophy, language, and arts. This system continued until the late 19th century when King
Chulalongkorn (Rama V) initiated significant educational reforms to modernize the country and reduce
foreign influence. He established the first Western-style schools and introduced compulsory primary

education in 1921, marking the beginning of a state-sponsored education system.
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The three-dimensional porous mesh structure of Cu-based
metal-organic-framework - aramid cellulose separator enhances the
electrochemical performance of lithium metal anode batteries
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Keywords: Lithium metal, due to its advantages of
patential, is used as a negative elec|
of energy storage systems. Howe gl
poor safety, so lithium dendrites live been t iggest problem of lithium metal batteries. This study shows that
the larger specific surface area al
(CuMOF-ANFs) composite separ:

Lithium metal battery
Lithium dendrites
CuMOP-ANFs separator

mA/em?, the dischargg

%. Li-Li batteries can o

1. Introduction

Certainly, here is a possible int ic:Lithium-
metal batteries are promising
rechargeable batteries due to their
theoretical capacities [1,2]
forming on the lithium me;

affect the safety and life

indeed focusing on various

rt circuit, which can
. Therefore, researchers are
such as negative electrode structure
[10], electrolyte additives [113 SEI film construction [13.14), and
collector modification [15) to inhi™® the formation of lithium dendrites.
However, using a separator with high mechanical strength and chemical
stability is another promising approach to prevent dendrites from
infiltrating the cathode. By incorporating a separator with high me-
chanical strength, it can act as a physical barrier to impede the growth of
dendrites. This barrier can withstand the mechanical stress exerted by
the dendrites during battery operation, preventing them from reaching
the cathode and causing short circuits or other safety issues. Moreover,

ture of Cu-based metal-organic-framework - aramid cellulose
Inhibit the formation of lithium dendrites. After 110 cycles at 1

if the bartery. The three-dimensional (3D) porous mesh structure of CuMOF-ANFs
pective for the practical application of lithium metal battery.

chemical stability of the separator is equally important as it ensures that
the separator remains intact and does not react or degrade in the pres-
ence of the electrolyte or other battery components. A chemically stable
separator helps to prevent the formation of reactive species that can
further promote dendrite growth. Researchers are actively exploring
different materials and designs for separators to enhance their me-
chanical strength and chemical stability. These efforts aim to create
separators that can effectively block dendrite formation, thereby
improving the safety and performance of lithium-ion batteries. While
there are several research directions to address the issue of dendrite
formation, using a separator with high mechanical strength and chem-
ical stability is an important approach to prevent dendrites from infil-
trating the cathode and ensure safe operation of lithium metal batteries.
Several types of separators currently used in research include
nanoporous polymer separators [16), ceramic composite separators
17], nanofiber separators [18-20], and metal-organic skeleton (MOF)
separators [21-24], While these separators have shown some ability to
inhibit the growth of lithium dendrites, they still have some drawbacks,

This article has been retracted at the request of the Editors-in-Chief and
Authors.

The journal was alerted to the presence of duplicate images appearing as
Figures 1 and 2 of this article and Figures 1 and 2 of International Journal
of Hydrogen Energy, Volume 59 (2024), Pages 263-271,
https://doi.org/10.1016/j.ijjhydene.2024.01.283 .

An investigation by the journal confirmed substantial duplication of text
and image data between these two articles that were submitted and
published in close succession. All authors of the International Journal of
Hydrogen Energy article also authored the Surfaces and Interfaces
article.

In addition, there are concerns that the authors appear to have used a
Generative Al source in the writing process of the paper without
disclosure, which is a breach of journal policy.

The journal sincerely regrets that these issues were not detected during
the manuscript screening and evaluation process and apologies are
offered to readers of the journal.

Source:
https://www.sciencedirect.com/scien
ce/article/pii/S2468023024002402
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Research article
Bridging Al and Human Cognition: The Role of Explainability in
Healthcare, Social Media, and Insurance

S. Lakshmi Narasimhan'

* Senler Technical Leod, incedo Tech, Mano, TX. USA

ARTICLE INFO ABSTRACT .
Keywonts: Explaimable AJ (XAD i | gly ppivized as & crucial companent of ethical, professiosal,
Cogaition and commercial Al u t icularly In complex or proprietary black-box’ systems
Working memory where decish K resain opague. However, the perceived necessity of XAl
XA} vanies dependi cognitive traits, personality factors, and the pernonal relevance
:2:::." of Aldriven @i study explores how these factons influence the demand for Al
Conbest trans 215 participants (129 female) took part in an online experiment
measurin ijective wocking memory capacity and seif-reported cognitive ability
sy of the Big Five Personality trales. Participants were presented with throe
Al g persanal relevance: (1) Al-asststed skin cancer detection, (i1) algorithm.
e media personalization, amd (1) Al-deteymined car Insurance pricing. The results

rated that Individuals exhibited a greater demand for XAl In scenarios where the stakes
were higher (health and financial comts > social media curation). laterestingly, while working
memory capacity did not correlate with XAl preference, wlf-reported Intellect showed a mild
positive relationship with the need for explanations in the nsurance scenario. These findings
suggest that personal investment plays a significant role in determining expoctations for Al
transparency. This study contributes to the growing discourse on XAl by offering new insights
into how cognitive and psychological factors shape trust, comprebension, and reliance on Al
driven decisions across differemt domains

Contents lists available at ScienceDirect
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Research article

journal homepage: www.coll.com/holivon

Working memory and the need for explainable Al - Scenarios from &=
healthcare, social media and insurance

M. Liebherr ", E. GéBwein ™", C. Kannen“, A. Babiker ", S. Al-Shakhsi “, V. Staab ",
B.J. Li", R. Ali", C. Montag

* Deparvnent of General Prychology: Cognition, Unsversity Dulsburg Essen, Dutubery, Germuany
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* Dypartment of Molecsdar Prychelogy, fstituae of Porchology and Education, Ulm Uniyersity, U, Germany
* College of Scionce and Engineering, Hamad i Khalda Usiversity, Dohe, Quier

" Were Kim Wee Schood of Communicanion and Informanon, Nomyang Techmelogioal University, »‘.\

ARTICLE INFO ABSTRACT

Keywonde Explainable Al @ an important feature of Al systems that is required for pro-
Cogriton fessional, ethical g \ | reasons. XAl Is particularly needed in Al systems that remain
Wotking memory refatively clo . on how to make decistons whether for complexity or commercial
:":"“' sonsitivige Sul play an important role on whether people perceive o need for XAL
. Hoy The . ’ the Al system might play o role, bt also individual differences in
Context tve functions. 1o order to test these assumptions, 215 parthcipants (129

o 1 i online experiment testing their objective working memory capacity and

. t e Intellect facet of the Big Five Personality tralts (as o proxy for self-amessed
e capacity). Further, all participants were peesented three Al systoms scenarios of rela.
iffetent degrees of (personal) relevance and, heace, personal investinent: skin cancer

ton (1), the persanallzation of soclal media feeds (1), and the amount to pay for a car In.
surance (i), We observed that people reported a higher need for XAl in scenarios where they
were mote personally invested (health, payment for (nsurance = sockal media); for signficant
differences between these scenarios sec the result section. Interestingly, working memory ca-
pacity was not associated with XAl needs acrass the three domains, but sell-reported Intellect
thowed a mild positive association with need for an Al explanation in the comext of the inngance
story. The present study represents o first attempt 1o (nvestigate objective working memory ¢a.
pacity in the context of need for XAL Beyood that, the study indicates that personal investment is
crocial for determining the need for XAL
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publishes three types of articles: (1) Qualitative research studies that explicitly address International Journal of Multicultural Education (IJME) is a free, peer-reviewed open access journal for :
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