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Why this topic now?
• Increasing concerns about research integrity

• In recent years, there has been a noticeable rise in retractions, questionable practices, and discussions 
about scientific misconduct across many disciplines, including mathematics.

• Growing reliance on bibliometric indicators
• Research evaluation is increasingly based on metrics such as citation counts, h-index, and journal 

impact factors, which are often used as proxies for quality despite their limitations.
• Rapid expansion of scientific publishing

• The number of journals and publications has grown dramatically, driven in part by open access models 
and financial incentives, making quality control more challenging.

• Emergence of new forms of manipulation
• New phenomena such as citation cartels, paper mills, and AI-assisted text generation have created 

systematic ways to artificially inflate research output and impact.

This is not about isolated cases, 
but about systemic developments
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Why should we care?
• Undermines trust in science

• If unreliable or manipulated results enter the literature, confidence in scientific findings is 
weakened—both within academia and in society.

• Distorts research evaluation and funding
• Decisions on hiring, promotion, and funding may be based on inflated or misleading indicators 

rather than genuine scientific quality.
• Rewards quantity over quality

• Incentive systems may encourage producing many papers instead of focusing on fewer, more 
substantial contributions.

• Harms early-career researchers
• Young researchers face pressure to conform to these practices, putting them at a disadvantage 

if they adhere to high standards.
• Blurs the line between good and poor science

• The increasing volume of low-quality or manipulated publications makes it harder to identify 
truly valuable research.
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The academic publishing ecosystem
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The academic publishing ecosystem
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The core problem: incentives
• Evaluation of research is necessary

• Universities and funding agencies must assess research quality to make 
decisions on hiring, promotion, and allocation of resources.

• Increasing reliance on quantitative indicators
• Metrics such as citation counts, h-index, and journal impact factors are 

increasingly used as convenient and seemingly objective measures of 
performance.

• Easy-to-measure replaces hard-to-measure
• Because true scientific quality is difficult to assess, there is a tendency to rely on 

simple numerical indicators, even when they do not capture real impact.

When a measure becomes a target, 
it ceases to be a good measure
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Key mechanisms of manipulation
• Citation cartel - Group of researchers that systematically cite each 

other to artificially inflate citation counts.
• Paper mill - Commercial organizations producing and selling scientific 

papers, often with fabricated or low-quality content.
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An industry has emerged
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Key mechanisms of manipulation
• Citation cartel - Group of researchers that systematically cite each 

other to artificially inflate citation counts.
• Paper mill - Commercial organizations producing and selling scientific 

papers, often with fabricated or low-quality content.
• Predatory journal - Journals that charge publication fees without 

proper peer review, often misrepresenting their quality.
• Predatory conference - Events with little or no scientific review, 

primarily organized to generate revenue and publications.
• Mega-journal - Very large journals publishing thousands of papers 

annually, often with minimal selectivity.
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These are not isolated phenomena, 
they are systematic responses to incentive structures



Why mathematics is vulnerable
• Low publication and citation rates

• Compared to many other disciplines, mathematicians typically publish fewer papers and 
receive fewer citations, making statistical indicators less robust.

• Large variation across subfields
• Different areas of mathematics have very different publication and citation cultures, so 

comparisons based on metrics are often misleading.
• Small changes → large metric effects

• Because absolute numbers are small, even modest increases in citations or publications can 
significantly affect rankings and indicators.

• Weak signal-to-noise ratio
• The limited amount of data makes it difficult to distinguish genuine scientific quality from 

random fluctuations or artificial inflation.

Bibliometric indicators are particularly fragile 
and easily distorted in mathematics
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The Clarivate case (I)
• In November 2023, Clarivate excluded roughly 1,000 researchers from 

the Highly Cited Researchers list for integrity concerns.
• Trend over the years: ~300 excluded in 2021, ~500 in 2022, ~1,000 in 2023, 

~2,000 in 2024
• In addition, the entire field of mathematics (~90 HCRs) was removed 

from the list, because the level of distortion was considered too high.
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The Clarivate case (II)
• End of 2025, mathematicians are back in the Clarivate list
• Some 65 mathematicians are listed

• Mainly in applied areas
• Often, HCRs have many co-authors and strong overlap with engineering / AI
• Pure mathematicians (e.g. algebra, geometry, number theory) are largely absent
• HCR lists are not representative of the full mathematical spectrum
• Terence Tao, despite being one of the most influential mathematicians, does not 

consistently appear on the Highly Cited Researchers lists, illustrating that 
citation-based metrics do not reliably capture true scientific excellence.

The issue is not only fraud or manipulation; 
it is that the underlying comparison is fundamentally uneven across fields

Fraudulent Publishing in the Mathematical Sciences13



What do we observe?
• Weak correlation between citations and quality

• Highly cited papers or authors are not necessarily those with the most 
significant or influential mathematical contributions.

• Discrepancy with major prizes and peer recognition
• Prestigious awards and expert evaluations often highlight different researchers 

than those ranked highly by citation-based metrics.
• Strong self-citation patterns in some cases

• A relatively high proportion of citations may come from an author’s own work or 
from closely connected groups, inflating apparent impact.

• Concentration in certain research areas
• Some fields with higher publication and citation activity are overrepresented in 

metrics, while others are underrepresented.
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Some observations



Where are highly cited mathematicians located –
and what does this tell us

• The institution with the highest 
number of highly cited researchers in 
mathematics is a specialised medical 
university without a mathematics 
department.

• This suggests that citation-based 
indicators may reflect structural 
features of the publication system 
rather than the actual organisation of 
mathematical research.
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Institutions having more than one primarily affiliated HCR in 
mathematics (from a total of 89 HCRs in math in 2019)

We should be stricter 
about secondary affiliations



Retractions: a growing signal
• Retractions in mathematics remain relatively rare, but are increasing in 

recent years:
• ~1000 retracted papers in mathematics (primary field)
• ~3000 papers with mathematics as secondary topic
• ~150 for Springer and Elsevier, 0 for SIAM
• 7 out of 89 HCRs appear in retraction database (2019)

• Strong growth across all sciences
• ~0.02% (2002)
• ~0.2% (2023)

• Retractions are often linked to paper mills, plagiarism, duplication
• While retractions can also result from honest errors, their concentration in 

certain contexts points to structural vulnerabilities in the publication system.
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Citation behaviour differs across groups

• Highly cited researchers exhibit significantly higher levels of self-citation and 
self-referencing compared to other groups.

• These differences reflect distinct citation behaviours across communities, not 
necessarily differences in scientific quality.

Bibliometric indicators are sensitive to how researchers cite, 
not only to what they contribute
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Self-citing score (SCS) and self-referencing score (SRS) 
for different cohorts of mathematicians

SCS: % of citations to own work
SRS: % of references to own work



HCRs and University Rankings

• University rankings rely heavily on bibliometric indicators
• Citations, highly cited researchers, indexed publications

• Highly cited researchers are a key component
• Influence institutional reputation and ranking position
• In some documented cases, citation manipulation at the individual level has 

translated into measurable effects on university rankings
• Rankings affect:

• funding decisions
• student choices
• institutional strategies

Rankings amplify incentives to optimise bibliometric indicators
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A few further vulnerabilities

• The reliability of bibliometrics depends strongly on the underlying 
database; curated mathematical databases such as zbMATH Open and 
MathSciNet play a different role from commercial citation databases.

• The problem ranges from poor publication practices to systematic 
manipulation and, in some cases, outright fraud.

• AI is likely to amplify existing problems by lowering the cost of 
producing plausible-looking but unreliable papers.
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Conclusion and actionable perspective



What have we learned?
• Bibliometric indicators are not neutral

• Once used for evaluation, they influence how researchers publish and cite.
• Different fields and communities exhibit different citation patterns

• Publication and citation behaviour varies widely across subfields of 
mathematics.

• Metrics can produce results that are difficult to reconcile with the 
structure of mathematics
• Observations such as the institutional distribution of HCRs do not reflect the 

traditional organisation of the discipline.
• Incentives created by rankings reinforce these effects

• When rankings depend on metrics, there is strong pressure to optimise them.

The observed distortions are systemic, not incidental,
and will persist without intervention
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What can be done?
For policymakers
• Reduce reliance on bibliometric indicators

→ Quantitative metrics should not replace expert judgement in evaluation. 
• Use expert-based evaluation

→ Peer review remains essential for assessing quality in mathematics. 
For institutions
• Focus on quality, not quantity

→ Evaluation should prioritise significant contributions over publication counts. 
• Avoid rigid metric-based criteria

→ Overly strict numerical targets can distort research behaviour. 
For individuals
• Cite responsibly

→ Citations should reflect relevance, not strategic considerations. 
• Be aware of publication practices

→ Researchers should recognise how incentives influence behaviour.
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Improving 
evaluation 

systems 
requires action 

at all levels



Final message
• Evaluation is necessary

• Decisions on funding, hiring, and promotion require some form of assessment.
• But metrics are only proxies

• Quantitative indicators cannot fully capture scientific quality.
• Over-reliance creates distortions

• When metrics dominate, they influence behaviour in unintended ways.
• When a measure becomes a target, it ceases to be a good measure

• What we measure shapes what we value and ultimately what we produce
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The challenge is not to abandon evaluation, 
but to ensure that it reflects what we truly value in mathematics


