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Hey GPT, can you help me understand  
the Universe?

Giacomo Beccari & Henri M. J. Boffin

Generative AI and large language models like 
ChatGPT are reshaping how we do science, 
including astronomy. These tools can play 
major roles in transforming data processing, 
research proposal evaluations, and even 
administrative tasks, potentially reducing 
the need for human intervention in areas like 
programming and peer review. This rapid 
technological evolution shouldn’t be accepted 
blindly, however, but instead calls for a 
multidisciplinary examination of its scientific, 
sociological, and cognitive impacts.

On 30 November 2022, OpenAI started a revolution by releasing the 
first public demo of ChatGPT (ChatGPT-3.5). While the first generative 
pre-trained transformer (GPT) model from OpenAI was released in 
20181, ChatGPT represented the first publicly accessible implementa-
tion of the GPT model tailored for interactive, conversational use — a 
fundamental change for users, who instead of having to learn how to 
use an application programming interface (API) could now simply 
‘chat’ with a large language model (LLM). No need any more for any 
specific technical knowledge nor any coding skills. The success of this 
approach was extraordinary, with more than a million new users in a few 
weeks after its release. Only two years after the first release of ChatGPT, 
the number of chatbots and LLM-based applications has flourished, 
offering a variety of different services, such as data analysis, coding 
and programming support, software debugging and development, 
image creation and manipulation, text revision, and creative writing.

Like many fields of research, astronomy relies on the extensive use 
of data, often requiring advanced analytical skills for statistical analysis 
and coding development. Moreover, astronomers often face complex 
software development and overall reserve much mental energy and 
time to update their knowledge and understanding — mostly by read-
ing peer-reviewed papers that are published in great numbers daily. It 
is hence not a surprise that ChatGPT-like technologies quickly started 
to play a significant role in the daily professional life of astronomers2, 
with studies showing that ChatGPT may have been involved in many 
recent abstracts, while some even dream of making discoveries without 
humans3. This technology potentially offers obvious advantages in 
terms of efficiency in a scientific context where the demand of intel-
lectual resources, creativity, persistent focus, and dedication are 
required to maintain the highest standard of quality in research while 
collaborating (and competing) in a continuously growing community 
of scientists. However, the use of GPT technologies (as for any new 

technology) should also force the community to reflect on possible 
consequences of their use on the development of science, the growth 
of knowledge, and in particular, the way scientists process data, write 
and evaluate applications of all sorts (research grants, observing pro-
posals, job applications). GPT technologies and, more broadly artificial 
intelligence (AI) might also have a non-negligible sociological impact, 
overtaking some of the tasks currently requiring human intervention, 
hence removing, or mitigating the need for a variety of skills (such as 
programming, peer review and evaluations, administrative tasks).

Driven by these thoughts, the European Southern Observatory 
(ESO) organized in September 2024 an online conference “Hey GPT! 
Can you help me understand the Universe? A synoptic view of the 
impact of chatGPT-like technologies on the future of astronomy”. 
The conference aimed at offering a platform to experts of different 
backgrounds to help the astronomical community gather a deeper 
understanding of what GPT-like language models mean and discuss 
the impact of their use for astronomers. We hosted talks from software 
developers with the scope of having an in-depth look into the present 
and future status of the technology and how they are currently used in 
astronomy. Cognitive psychologists helped us comprehend the poten-
tial impact of the use of AI and GPT language models on the cognitive 
skills of researchers at any career stage, with a focus on the potential 
future transformations of the way astronomy and science in general is 
done. We further discussed the impact of AI and GPT technologies on 
hiring and evaluation processes while challenges for journal editors 
and impact on ethics were discussed on the last day of the conference. 
The talks are all available online.

During the conference, we also conducted a few surveys of the 
attendants. At the start of the workshop, an overwhelming majority of 
the 80 respondents (89%) stated that LLMs are useful for astronomy, 
with a further 9% saying “maybe”. Most of them also regularly use 
these LLMs — 32% daily, 38% weekly, 15% monthly, while only 7% had 
never used these — with 50% using ChatGPT, then a further 30% almost 
equally spread among Claude, Gemini, and Copilot. This confirms quite 
a general use and provides further justification for such a conference, 
with the caveat that participants in such a conference are likely to 
have experimented LLM models. Thoughts of the attendees about the 
advantages and risks of LLMs are summarized in Fig. 1.

In this contribution, we summarize some of the aspects of the 
discussions that we consider most critical and novel in an interdisci-
plinary spirit. We won’t present the technologies or their applications 
in astronomy, and we invite readers to watch the corresponding pres-
entations online or refer to, for example, ref. 2.

Cognitive psychology
Cognitive psychology emphasizes how humans adapt their mental 
strategies when interacting with external tools, such as computers 
and AI systems, and highlights the balance required to harness AI’s effi-
ciency while safeguarding critical thinking and problem-solving skills.

 Check for updates

http://www.nature.com/natureastronomy
https://doi.org/10.1038/s41550-025-02497-8
https://www.eso.org/sci/meetings/2024/esogpt24.html
https://youtube.com/playlist?list=PLLLg88mtP9s7olsC5-JEAnGKvKoKYBVMv&si=kNi85FHUky1-psjO
http://crossmark.crossref.org/dialog/?doi=10.1038/s41550-025-02497-8&domain=pdf
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Impact of GPT/LLM on evaluation/funding/hiring processes
Part of the evolution and growth of astronomical research relies on oral 
and written communication. Most of the hiring processes foresee the 
panel evaluation of research plans describing the past results and future 
scientific projects of the candidates. Moreover, in their letter of intent, 
candidates describe the motivation to apply for a given position while 
the curriculum vitae offers a description of professional and personal 
capabilities and skills. Evidently the English language, adopted in most 
of the hiring and evaluation processes, might disfavour non-native 
speakers who must go through an extra effort to convey their messages 
in a clear and satisfactory way.

Given the context described above, it becomes obvious that one 
of the critical areas where the use of GPT technologies can play a rel-
evant role is in the text writing and revision. AI tools provide services 
like real-time translations, grammar corrections, and production of 
context-aware responses (for example, emails, chatbots). While the 
capability to create and modify content has the potential benefit of 
bridging gaps between diverse linguistic and cultural groups, it can 
alter tone, style, or emotional valence to suit specific goals, raising 
questions about authenticity and the preservation of original intent. 
Also, AI-generated communication often adheres to globally dominant 
norms and languages (for instance, English), with an implicit risk of 
diluting local traditions, idioms, and individual cultural tones. It will 
also generally lead to less colourful text.

Recently, Jerabkova and colleagues8 performed an experiment 
to test the impact of the use of ChatGPT in evaluation of observing 
proposal and telescope time allocation for the ESO La Silla Paranal 
Observatory. The findings were nuanced: while GPT could improve 
linguistic clarity, AI-modified proposals were statistically ranked 
lower in distributed peer reviews. They could also potentially contain 
factual errors or outdated, if not wrong, references. This suggests 
that while AI aids surface-level improvements, it may inadvertently 
undermine scientific precision or originality9. It is thus obvious that 
applicants shouldn’t use these tools blindly. In a similar vein, most 
recently, the Max Planck Institute issued a statement discouraging 
the use of ChatGPT-like technologies when applying “as submissions 
that rely on AI-generated content lack the depth and originality criti-
cal for admission to the program and are usually disadvantaged in the 
evaluation process”.

Due to the exponential growth of research output which places 
huge demands on reviewers, AI tools offer in principle scalable solu-
tions for managing this workload, such as assisting with reviewer iden-
tification and automating preliminary evaluations. Caution is, however, 
needed. Jerabkova and colleagues showed that the tools fail to clearly 
differentiate between proposals and lacked the nuanced judgment 

To solve problems, scientists can either rely on external strate-
gies, such as colleagues, mentors, or papers and presentations, or on 
internal ones, using their brain and memory. Experiments indicate4 
that the parameters that mostly regulate the choice of a given strategy 
are speed, accuracy and reliability: people tend to prefer solutions that 
produce fast answers over slower ones, but more accurate answers over 
fast ones. Moreover, people would use external resources to become 
more efficient, but only if they can trust them5.

The use of external strategies can be beneficial to leave space in 
one’s brain to store new knowledge. Pyke and LeFevre6 show that the 
use of calculators has consequence on memory tracers and uninformed 
use of external tools can bear the risk of not developing nor using even 
more superior internal processing strategies7. Another example is that 
of learning a language: while this may soon seem obsolete given the 
rapid evolution of AI translation tools, such a conclusion oversees the 
important aspects of learning a new language in the development of a 
person and how they can interact with the environment.

A central concept from cognitive psychology that appears to 
be quite relevant to the use of AI in astronomy is explicit metacog-
nition — the ability to consciously evaluate, regulate, and refine 
one’s own thought processes. This capability plays a critical role 
in human cognitive growth, enabling individuals to learn not only 
from successes but also from mistakes. In professional settings like 
astronomy, where complex, abstract problems demand innovative 
solutions, explicit metacognition allows researchers to assess the 
strengths and limitations of AI tools critically. Given the high level 
and quality of performance monitoring typical of human beings, 
it is advised to compare different strategies when choosing an 
LLM over other classic approaches in problem solving. Outsourc-
ing certain aspects and tasks in the work of scientific research to 
an LLM model can be a valuable solution to save mental energy 
and memory resources that can then be used on other important 
aspects. While this allows for increased efficiency in the short term, 
it may impair the ability to form robust internal memory traces 
and reduce long-term retention of critical knowledge. For astrono-
mers, this could manifest as a decline in intuitive problem-solving 
or the ability to draw on deep, interconnected knowledge dur-
ing moments when AI tools are unavailable. The consequences 
of this shift extend beyond individual cognition. Over time, an 
over-reliance on AI may alter the collective expertise within the 
field, as newer generations of scientists may focus less on master-
ing foundational concepts and more on interfacing with AI tools. 
This raises important questions about how to preserve critical 
skills and ensure that human expertise continues to complement 
the analytical power of AI.

Advantages of LLMs in astronomy Risks of LLMs in astronomy

Fig. 1 | Word clouds presenting conference attendees’ thoughts about large language models in astronomy. Left: advantages; right: risks.

http://www.nature.com/natureastronomy
https://www.mpia.de/en/careers/internships/summer
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required for distinguishing high-impact proposals from less signifi-
cant ones. It further showed weak correlations between AI-generated 
assessments and human evaluations (see also ref. 10).

Transparency and accountability are paramount in integrating AI 
into research assessment. National funding organizations, such as the 
German Research Foundation and Swiss National Science Foundation, 
emphasize the need for ethical guidelines and proactive disclosure of AI 
use. Ensuring compliance with existing standards of research integrity 
and ethics is crucial for maintaining trust in these processes11.

Discussion
It is clear that ChatGPT-like technologies, which are becoming more and 
more powerful at a frantic pace, are and will continue to be used (see, 
among others, refs. 12–14.), given their potential large number of appli-
cations. However, despite all the inherent issues related to them and 
which form part of an ethical study of AI — apart from those discussed 
above, we should also mention those related to sustainability, their 
black-box nature that is so incompatible with scientific research, pri-
vacy concerns, the culture and dominance of big actors, the numerous 
biases, but also plagiarism. Among the respondents to our conference 
survey, more than half agreed that using LLMs for writing proposals and 
papers raises issues of plagiarism — as also stated by some publishers 
and funders. In the future, if watermarks for AI-generated text may 
exist15, this can only be a stop-gap solution. Most respondents indeed 
agreed that the use of AI in general and LLMs in particular should be 
proactively disclosed, to ensure that trust is still present among the 
scientific community. In this respect, it is also noteworthy that about 
two thirds of the respondents felt that the use of LLMs should be regu-
lated. There is clearly work to be done here by our community, and 
given the widespread nature of these technologies and the fact that 
they will quickly evolve from just chatting to agentic AIs, the sooner 
such regulations are put in place, the better. Several publishers have 
already put in place some guidelines on how to use AI to write or ref-
eree papers. More general regulations should be considered. Such 

regulations should be global, however, as reproducing the regulatory 
gap that now exists between Europe and the rest of the world with the 
EU AI Act will likely be detrimental.
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