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ABSTRACT
Artificial intelligence is rapidly transforming the field of health science and medical education, but 
less is known about the students´ competencies related to knowledge, skills and attitudes 
towards the application of AI tools like ChatGPT. Therefore, a unicentric questionnaire-based 
cross-sectional study was applied to students in the medical field (n = 207). The data revealed that 
while most students were familiar with ChatGPT (66.7%), other AI tools were significantly less 
known or utilised for study purposes. Students approached AI tools rather informally, often 
preferring to use them as a simple search engine. More than half of the students admitted that 
they were not sufficiently informed about the underlying technology of AI. They applied ChatGPT 
in a self-directed manner but expressed considerable uncertainty regarding effective prompt 
engineering and ChatGPT’s legal implications. Overall, the majority of respondents showed 
interest in and positivity towards the introduction of AI. However, they did not feel adequately 
prepared to handle AI confidently, leading many to express interest in further training. This 
training should be directly related to students’ professional roles, e.g. as a physician. The three 
most favoured AI-topics for voluntary learning formats were AI in their studies (62.5%), AI in 
general (58.0%), and the use of AI in scientific writing (57.0%). Notable subgroup differences 
related to the students” gender or self-assessed study performance were observed and should be 
considered in future research.
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Introduction

Artificial intelligence (AI) is rapidly transforming the 
field of health science and medical education. One of 
the most exciting developments in recent years has been 
the emergence of Large Language Models (LLM), such as 
ChatGPT which debuted in 2022. Since ChatGPT has 
demonstrated its capability to pass the United States 
Medical Licensing Examination (USMLE) [1,2], it has 
become increasingly clear that these AI tools significantly 
impact medical education, as evidenced by an increasing 
body of literature related to ChatGPT [3]. ChatGPT is 
poised to be a game changer in health care and medical 
education, aiding students and educators in approaching 
learning and teaching in innovative ways. However, it 
also raises ethical and legal concerns, such as issues 
related to inaccurate content, data privacy, and risk of 
plagiarism [4–6]. Several authors detail the benefits of AI, 

including its potential to facilitate adaptive learning, pro
vide individual feedback and tutoring, reduce adminis
trative workload, develop new assessment methods, 
brainstorm ideas, and support scientific research activ
ities. However, they also highlight challenges, such as data 
security, threats to academic integrity due to potential 
biases or inaccuracies and the risks associated with exces
sive reliance on AI or unfair assessment practices [7–9].

A fundamental milestone in AI was the develop
ment of machine learning (ML) in the 1960s [10] 
which involved analysing training data and to create 
algorithms applicable to new data. Basic research in 
chatbots followed a few years later [11]. In 1964, 
ELIZA was introduced, marking the first use of 
a rudimentary form of natural language processing 
(NLP) to enable simple conversations between humans 
and computers in a medical context [12,13]. However, 
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it took several decades of AI development before 
a Chatbot like ChatGPT 3.5 (Chat Generative Pre- 
trained Transformer) was released by OpenAI Inc. 
San Fransisco, USA (https://chat.openai.com) in 
November 2022. ChatGPT is an LLM trained on bil
lions of words taken from books, articles, and other 
internet content up until 2021. To process this data, 
neural networks (NN) were employed to generate new 
natural language content on demand [14]. As a result, 
NNs learned to combine words naturally and perform 
language tasks through complex algorithms that are 
ultimately so intricate that they are no longer fully 
reproducible, even by the developers themselves (AI 
blackbox). ChatGPT is an AI-based LLM that can 
process and generate human language. It is available 
free of charge for a variety of daily tasks, including text 
translation, writing, answering, and providing explana
tions. Therefore, just two months after its release, it 
became the fastest-growing consumer application, 
reaching about 100 million monthly users [15].

LLMs like ChatGPT have the potential to revolutionise 
health sciences and medical education in several ways. 
They could enhance the efficiency and precision of medical 
research by searching large datasets, generating literature 
reviews, identifying patterns and trends that would be 
difficult or impossible to find manually, and even writing 
academic abstracts or manuscripts [6,15–18].

In the area of patient care, AI tools are being used to 
support physicians in their day-to-day tasks and deci
sion-making processes related to diagnosis [19] or 
treatment [20]. Several applications in various medical 
fields have already received official certification from 
the Food & Drug Administration (FDA) [21], demon
strating their relevance, particularly in image analysis 
technique for radiology, ophthalmology, or dermatol
ogy. New applications are being introduced to the 
market daily. The ability to analyse large amounts of 
data collected in intensive care settings or from wear
able devices like smartwatches will aid in the early 
detection of conditions like renal failure or of cardio
vascular diseases [22,23].

In particular, LLMs like ChatGPT can help to overcome 
language barriers between healthcare professionals and 
patients by translating medical terminology into plain 
English or answering routine patient queries [24]. They 
can also facilitate daily administrative tasks, such as writing 
discharge summaries, and provide patients with medical 
information and digital therapeutic support [18,25]. 
However, current AI-tools are not the best solution for 
every task. Recent studies summarised by Li et al. in 2023 
showed inconsistent results regarding ChatGPT’s effi
ciency. Consequently, the authors concluded that the then- 
current version of ChatGPT was somewhat unreliable for 

clinical use, recommending instead LLM applications spe
cifically trained on biomedical data [26].

ChatGPT and AI are also poised to change the land
scape of medical education, not only in clinical deci
sion-making [26–30]. Researchers confirm the 
potential of ChatGPT for medical training as it allows 
students to access current information at any time, to 
support individual and interactive learning, to improve 
communication skills and therefore might help to edu
cate more competent doctors. In detail, ChatGPT 
might be used like a dictionary [31], enhance clinical 
reasoning [32], or serve as an assessment tool to create 
multiple-choice questions (MCQ) [33]. LLMs may also 
generate feedback on student work, helping them 
improve their skills [28–31]. Surprinsingly, it could 
even be a tool to teach empathy, as its responses have 
been rated as more empathetic than those of the clin
icians [34]. However, researchers in the medical educa
tional field caution that ChatGPT is prone to providing 
incorrect information [35] and they highlight the need 
to address ethical issues such as data bias, user consent, 
data ownership, and data privacy [36]. Following the 
release of ChatGPT and its impact, there is a growing 
call for clearer guidelines that promote digital progress 
while maintaining existing standards [37].

Future physicians must learn to apply these new 
technologies in their work [38]. Therefore, teachers in 
higher education are tasked with teaching AI-related 
competencies. The European Commission has pre
viously published a Framework for the Digital 
Competence of Educators [39] and has begun to 
include specifications to address the requirements of 
new digital technology like AI. Schönbächler identified 
“information literacy” as a core competence [40], while 
Laupichler et al., 2022, introduced the similar term “AI 
literacy” [41]. However, AI literacy is not well defined 
and further research is needed to clarify which knowl
edge, skills, and attitudes related to AI should be incor
porated into higher education.

But how can AI literacy and its progress be mea
sured among students or teachers? To address this, 
Karaca et al., 2021, developed a valid and reliable 
psychometric instrument called MAIRS-MS to assess 
readiness for medical AI among medical students 
[42]. This instrument was translated into German 
shortly afterwards by Laupichler et al. in 2022 [43]. 
The authors propose that “medical artificial intelli
gence readiness is a healthcare provider’s preparedness 
state in knowledge, skills, and attitude to utilize 
health-care AI application”. Another readiness ques
tionnaire was developed and administered to multi
national medical students and doctors [44]. The 
findings revealed a low level of familiarity with AI 
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in both groups, leading to the conclusion that phy
sicians and medical students need to understand the 
key concepts behind AI, emphasising that AI must 
be integrated into medical training. When asked, 
96.2% of medical students expressed a desire to be 
trained in knowledge and skills related to AI appli
cations. However, only 6% felt capable to adequately 
informing a patient about risks and benefits of an 
AI-application [45].

In their review, Lee et al. provided several recom
mendations regarding curricular objectives and listed 
U.S. medical schools that have implemented pilot AI 
curricula [31]. They also identified challenges asso
ciated with introducing AI curricula into undergrad
uate medical education, including licencing 
requirements, limited curricular hours, and a lack 
of faculty expertise in AI. However, a standardised 
framework of competencies for implementing 
a unified AI curriculum is not yet available.

The Faculty of Medicine at Ulm University, like 
many other educational institutions, has a long- 
standing expertise in e-learning and digital skills. 
The application of these skills has undergone 
a significant and positive evolution due to the 
COVID-19 pandemic [46]. Recently, a questionnaire 
was administered to gather more data on university 
teacher´s digital literacy [47]. However, the integra
tion of AI-tools into medical education remains 
a relatively new topic, necessitating detailed informa
tion about students’ current AI knowledge across 
various programs. This information is essential for 
developing and implementing a suitable AI curricu
lum that ensures continuous medical education in 
this emerging field. To gain insights into how medical 
students are using AI tools, both privately and in 
their studies, a cross-sectional online questionnaire 
was conducted. This study aimed to assess their 
knowledge, skills, and attitudes related to AI tools 
like ChatGPT, thereby describing the current status 
at the Faculty of Medicine at Ulm University. 
Additionally, the data will address the following 
research questions:

(1) Are there any differences in responses between 
medical students (state examination program) 
and students studying in life science courses 
(bachelor or master program)?

(2) Can differences be found between German- 
speaking students and those with another native 
language?

(3) Are there any differences in responses between 
male and female students?

(4) Is there a correlation between response beha
viour and students’ subjectively assessed perfor
mance level or AI expertise?

Material and Methods

Study Design

A monocentric questionnaire-based cross-sectional 
study was conducted in order to assess students’ 
knowledge, prior experiences (skills), and attitudes at 
the Faculty of Medicine in Ulm. The survey was car
ried out in a voluntary and anonymous manner to all 
registered medical and dental students, as well as those 
enrolled in the international Bachelor’s (BA) and 
Master’s (MSc) degree programs in Molecular 
Medicine (MM) and Translational Neurosciences 
(TN). A study proposal was submitted, and the uni
versity’s ethics committee granted a formal waiver 
(decision date: July 12th, 2023). Students received 
additional information about the survey’s content 
through the Unipark platform (Enterprise Feedback 
Management Software, Tivian XI GmbH, 2021, 
Köln), and their written consent was obtained prior 
to responding to any questionnaire items. No incen
tive was offered or provided to participants in the 
survey.

Students at the Faculty of Medicine in Ulm were 
surveyed online during the ongoing semester 
(November 2023) following an email invitation from 
the Office of Students’ Affairs. This email, included an 
access link to the Unipark survey platform, which was 
available for a period of four weeks. Each student could 
participate only once using an internet-enabled device 
(either mobile or PC). Additional invitations were dis
seminated through projections in the main lecture halls 
and on campus media screens, and email reminders 
were sent twice at regular intervals throughout the 
four-week period.

There were 3995 officially registered students at the 
Faculty of Medicine [48]; however, not all students in 
the specified degree programs could be invited due to 
organisational reasons (for example, not every student 
had re-registered for the winter term). Table 1 presents 
the number of registered students at the Faculty of 
Medicine who were invited to participate, along with 
the number of respondents and overall response rates 
after applying the pre-defined inclusion criteria (veri
fied consent, only single missing values, and log files 
showing handling times of the questionnaire of less 
than 5 minutes).
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Questionnaire Development and Design

The questionnaire’s content was informed by an initial 
bibliographic search conducted in May 2023, using key
words such as “Artificial intelligence and medical educa
tion”, “AI in medicine”, “AI and medical students”, “AI 
readiness”, “ChatGPT and healthcare students”, as well as 
the scientific publications cited by Sallam in his systema
tic review “ChatGPT Utility in Healthcare Education, 
Research, and Practice: Systematic Review on the 
Promising Perspectives and Valid Concerns” [6]. The 
search aimed to create a questionnaire lasting 10 to 15  
minutes, assessing students’ current knowledge and com
petence related to AI and ChatGPT. Two authors (A.B., 
L.M.) then collected, categorised, and evaluated individual 
survey items using the SPSS method recommended by 
Helfferich [49].

Since a specific ChatGPT literacy scale was not 
available during the development of the questionnaire, 
the authors referenced the German version of the by 
Karaca et al. [42] developed “Medical artificial intelli
gence readiness scale for medical students” (MAIRS- 
MS) which was translated by Laupichler et al. 
(2022) [43].

Four out of 22 items –question 9,12,18 and 21- 
were adopted, covering the main topics of “cogni
tion, ability, vision, and ethics”. The study and ques
tionnaire design were discussed in collegial coaching 
sessions with university colleagues who have exten
sive expertise in questionnaire development (A.S) 
and research in medical education and digital learn
ing (J.K.). Finally, the questionnaire was integrated 
into the Unipark online platform and tested by nine 
students from the aforementioned degree programs 
during a one-week pilot project to evaluate compre
hension, spelling, and technical functionality.

The final questionnaire encompassed a total of 33 
individual items or item groups related to the MAIRS- 
MS, ensuring both quantitative and qualitative data 
collection. Along with demographic data (n = 6), 
respondents were asked to evaluate their previous 
knowledge (“cognition”) (n = 5) regarding AI, describe 

their practical experience with AI tools (“skills”) (n =  
5), and specifically with ChatGPT (n = 4). They were 
also asked to assess the risks or weaknesses (n = 3) and 
opportunities or benefits (n = 2) of AI. Additionally, 
four items addressed students’ attitudes and opinions 
about AI. Finally, students were asked about their 
desire for further educational support and their beliefs 
regarding potential future applications of AI (n = 4). 
The questionnaire was available in both German and 
English. The English version is included in the appen
dix (Supplement 1). On average, participants took 13  
minutes to complete the online questionnaire.

Responses were quantified using a five-point Likert 
scale: 1 (does not apply at all) to 5 (fully applies). In 
some cases, multiple answer options were permitted. 
Open-ended responses, such as “other AI tools used in 
studies”, “other advantages and opportunities” or 
“other tasks” were transcribed, categorised and quanti
fied afterwards.

Statistics

The Unipark online software directly transferred all 
survey data into a SPSS spreadsheet. Data were ana
lysed using SPSS Statistics software (IBM Corp. 
Released 2022. IBM SPSS Statistics for macOS, 
Version 29.0. Armonk, NY: IBM Corp). Quantitative 
data are presented as median values, and for better 
comparability, also as mean ± standard deviation 
(MD; MN ± SD). In some cases, minimal (MIN) and 
maximal (MAX) values were included. Internal consis
tency was expressed using Cronbach’s α. All data were 
analysed for distribution patterns using the 
Kolmogorov-Smirnoff test. For subgroup analysis, 
ordinal scaled data (e.g. Likert scaled) or non- 
Gaussian distributed data were analysed using non
parametric tests: Mann–Whitney U-test or the 
Kruskal–Wallis–H test (for more than two groups), 
with post-hoc comparison by Dunn’s multiple- 
comparison test. The level of statistical significance 
was set at 5% (p = 0.05*, p < 0.01 **, p < 0.001***).

Table 1. Number of students at the Faculty of Medicine and study participants categorised by degree program, along with the 
resulting survey return rate (rounded values).

Number of students Faculty of Medicine

Total
Sex 

(m/f/) Nationality (German/Abroad) Invited students
Participants 

(N/%)* Return rate

Medical students 2997 1379/2616 3478/517 2816 170/82.5% 6.0%
Dental students 436 146/290 387/49 357 9/4.4% 2.5%
Molecular Medicine 403 83/320 304/99 229 22/10.6% 9.6%
Molecular and translational neuroscience 53 12/41 30/23 58 5/2.4% 8.6%
Sum 3995 3995 3995 3460 206/100% 6.0%

*After exclusion of 3 participants; 1 student did not indicate the degree program. 
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Effect sizes were expressed by Cohen’s d, with 
values of 0.2, 0.5, and 0.8 indicating small, medium, 
and strong effects, respectively. Subgroup analysis 
for nominal scaled data were performed using 
Pearson-Chi Square Test or Fisher’s Exact Test if 
the sample size was smaller than n = 30. The effect 
size for Chi-Square Test’s effect size was calculated 
using Cramer’s V, with values of 0.1 0.3 0.5 indicat
ing small, medium, and strong effects. The 
Spearman coefficient was used as a correlation mea
sure for ordinally scaled data, with│ρ│ = 0.10 con
sidered weak, │ρ│ = 0.30 moderate and │ρ│ = 0.50 
strong.

Transparency Statement

This manuscript has been optimised in English word
ing and style using the AI tools “DeepL” and 
“ChatGPT”, and no other AI tools were applied during 
the preparation of the manuscript.

Results

Of the 3460 students contacted by the Faculty of 
Medicine 6% (n = 207; 62.4% female; 36.6% male; 1% 
unspecified) participated in the study. Three question
naires were excluded from the data analysis due to non- 
compliance with the inclusion criteria. Internal consis
tency using Cronbach’s α for questions applied form the 
MAIRS-MS questionnaire showed values of α = 0.782, 
for the subscale knowledge (n = 24 items) of 0.829, for 

the subscale skills (n = 15 items) of 0.917 and for the 
subscale attitudes (n = 12 items) 0.745.

The participating students had an average age of 
23.2 years (SD ±4.5; MIN 18; MAX 51). The vast 
majority were enrolled in a medical degree program 
(82.2%) and were, on average, in their fifth semester 
(MIN 1st MAX 15th). A small percentage (8.3%) 
reported that they were not native German speakers. 
When asked to self-assess their overall academic per
formance, the majority classified themselves as average 
students (66.7%), while 14.5% considered themselves 
below average and 18.8% rated themselves above aver
age. Over half of the participants (53.6%) indicated that 
they had previously authored some form of scientific 
paper independently. Regarding their current under
standing of “artificial intelligence” the majority rated 
their knowledge as “sufficient” (MD 4 = sufficient; MIN 
1 = very good; MAX 6 = unsatisfactory).

When asked about the fundamental technology under
lying AI, a quite large proportion of students acknowledge 
that they had either never heard of it or were only some
what familiar with it (63.3–91.3%) (Figure 1).

About two-thirds of the students reported familiar
ity and prior use of ChatGPT (66.7%). This was fol
lowed by AI tools like DeepL Translater (42.0%), 
Quizlet (35.7%) and Grammarly (17.4%). Most other 
listed AI tools – including ChatPDF, Conker, 
Connected Papers, DALL-E, DeepL Write, 
ProWritingAid, Elicit, Peplexity, PesearchRabbit, 
Midjourney, StableDiffusion, and SciSpace – were 
unfamiliar to over 85% of respondents. Tools specific 
to the medical context such as ADA (3.3%) and 

Figure 1. Students’ responses (n = 207) to the item “please assess your current knowledge on the following AI topics” using 
a 5-point likert scale plus an option not to answer at all.
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DocMedicus (15.4%) were recognised by only 
a minority. Students also mentioned additional AI 
tools in open-ended responses, including “BING-AI”, 
audio applications like “Fireflies”, “Auphonic”, or game 
apps for chess. However, the frequency of use for these 
tools were – aside from ChatGPT – relatively low, with 
only half of the students using them at least once 
a month.

On a 5-point Likert scale (1 = does not apply at all, 
5 = completely applies), respondents rated their skills in 
using AI tools at an ambiguous average. Students 
recognised AI’s strengths in accessing knowledge 
(MD 3.5; 3.31 ± 1.22) but felt relatively weak in creating 
new knowledge using these tools (MD 2; 2.3 ± 1.22). 
Similarly, one-third of the students either disagreed or 
were undecided about explaining the pros and cons of 
AI technology (MD = 3).

A more detailed question asked students to quantify their 
use of AI tools for specific tasks. Unsurprisingly, only 
a minority of medical students used AI tools regularly for 
data analysis (10.3%) or programming (5.8%). However, 
a significant number applied AI tools as simple search engines 
(43.2%), for explanations (39%), translations (25.9%), discuss
ing problems (18.9%), or literature searches (18%). A surpris
ing low number of participants reported using AI tools like 
ChatGPT for analysing, editing or generating text. Qualitative 
responses (n = 3) indicated that students used ChatGPT to 
create MCQs or flashcards (Figure 2).

Only 17.9% (n = 140) of those participants familiar 
with ChatGPT had consulted guidelines for effective 
prompt creation. A significant portion (40%) devel
oped their prompting approach through trial and 
error, while nearly a third had not considered prompt 
settings at all, and 11.4% lacked experience in systema
tic prompt editing.

Regarding the quality of ChatGPT-generated texts, 
participants mostly evaluated them accurately. They 
recognised the need to critically review ChatGPT 
texts (MD = 4; 4.41 ± 0.73), and its cited references 
(MD = 4; 4.3 ± 0.83), noting that ChatGPT often pro
duces inaccuracies (MD = 3; 2.82 ± 0.91). They also 
acknowledged ChatGPT’s ability to generate high- 
quality conversational examples (MD = 3; 3.22 ± 0.86) 
with few spelling or grammatical errors (MD = 2; 2.59  
± 0.93). However, there was considerable uncertainty 
about the legal framework governing AI tools use for 
academic writing. More than half of the respondents 
felt unable to assess the accuracy of the questionnaire 
statements, yet 61% recognised that they could not use 
AI tools without restrictions (Table 2).

Furthermore, students largely agreed that AI would 
not render medical staff dispensable (MD = 2; 1.94 ±  
1.15) but acknowledged potential data bias (MD = 4; 
4.05 ± 0.92). They also identified AI weaknesses, includ
ing inadequate data security, unclear liability issues, and 
insufficient representation of real-life medical 

Figure 2. Students’ responses (N = 207) to the item “I have used AI tools in my studies for the following purposes: [. . .]” presented 
on a 7-point scale (1 = never, 2 = once, 3 = rarely, 4 = once a month, 5 = several times a month, 6 = once a week, 7 = several times 
a week). A frequency of less than once a month (point 1–3) was classified as non-users (red/orange color) versus students that used 
AI-tools more than once a month (point 4–7) (green color).
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complexities (Figure 3a). Students recognised AI’s bene
fits in accelerating workflows (MD = 4; 4.22 ± 0.916), sav
ing time (MD = 4; 4.15 ± 0.927), reducing workload (MD  
= 4; 3.57 ± 1.1), and enhancing collaboration among 
clinics, physicians, and scientists (MD = 4; 3.62 ± 1.08). 
However, there was considerable uncertainty regarding 

AI’s role in facilitating faster research progress, leading 
some students (n = 22) to opt out of answering these 
questions (Figure 3b). Qualitative responses (n = 4) high
lighted concerns like “unverified false diagnoses“, “money 
invested would be better spent on empathic, human med
icine”, “lack of interpersonal exchange in cases of mental 

Table 2. Percental distribution of students’ assessment regarding statements related to the legal framework of AI tool application 
within the university context. Based upon the author’s experience and local university regulations, all statements except the first 
one are considered to be mainly correct.

Item Correct Incorrect
Don’t 
know

I may use ChatGPT/AI tools for writing a housework, term papers or my thesis without any restrictions. 3.4% 61.0% 35.6%
I may use ChatGPT/AI tools for writing housework/term papers/thesis only in accordance with current study regulations. 48.3% 10.7% 41.0%
The University may ask me to submit a self-declaration that confirms that the main work of my term paper/thesis was done 

without ChatGPT/AI tools.
43.9% 7.3% 48.8%

Lecturers may ask me to provide a list of all AI tools used in a housework/term paper/thesis. 40.5% 6.3% 53.2%
I have to name ChatGPT as an author in the bibliography of my housework/term paper/thesis or scientific paper. 15.6% 19% 65.4%
By marking text elements with “ . . . ” I may quote ChatGPT content verbatim, just like citing from any publication. 7.8% 27.8% 64.4%

*n=205, 2 missing values. 

Figure 3. Students´ responses (n = 207) to the item “In which aspects do you see the greatest risks or weaknesses of AI?” (Figure 3a) 
and “Which of the following aspects do you consider as the greatest opportunities or advantages of AI” (Figure 3b). Both items were 
evaluated on a 5-point likert scale (1 = does not apply at all, 5 = fully applies) plus an additional option not to answer at all. Results 
are given as mean value and standard deviation.
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illness”, “AI as a basic instrument, physicians have to check 
its results”.

Participants were asked to evaluate their ability to use 
AI tools in accordance with ethical principles (an expla
natory short note on “ethical principles” was provided in 
the questionnaire). The median score on the 5-point scale 
was 4 (largely applies) (MN 3.63 ± 0.868).

The questionnaire revealed that students generally 
hold positive attitudes towards the application of AI 
tools in medicine. They expressed more agreement 
with feeling of excitement, openness, curiosity, and 
interest, while showing less agreement with feelings of 
panic, fear or hesitation (Supplement 2: Spider chart 
representing students” responses to the item “My cur
rent view on the topic “AI tools in medicine” can be 
described by [...].). Some free-text responses (n = 5) 
revealed additional emotions, including confidence, 
anger, concerns, mistrust and scepticism.
The majority of respondents held a positive attitude 
towards implementation of AI in medicine (MD = 3; 
3.39 ± 0.96) and believed its future use is essential (MD  
= 4; 3.53 ± 1.07). However, only 41% strongly agreed 
(Likert scale level 1 and 2) that AI will revolutionise 
their future career (MD = 3; 3.27 ± 1.05), and the same 
percentage felt that acquiring basic AI skills is crucial 
for competitiveness (MD = 3; 3.19 ± 1.09). Notably, 
over half of the participants (62.2%) disagreed with 
the statement that they feel confident using AI tools 
professionally (MD = 2; 2.32 ± 1.16).

Overall, 63.2% of students expressed a desire to 
further their education in AI related to medicine, 
while 27.5% showed clear interest and 9.3% no interest 
in additional training. Some free-text responses 

indicated practical priorities, such as “I am taking my 
state examination first” or “I am taking modules at 
university computer science courses’.

Regarding self-directed learning, students reported 
acquiring digital competencies primarily through trial 
and error, online platforms, or help from classmates 
(Figure 4). Only about a quarter mentioned using publica
tions, conferences, or professional training opportunity.

Less than 10% of respondents showed no interest in 
further training on “AI in general”. Students expressed 
strong interest in several AI-related topics: appropriate AI 
tools for their studies (95.5%), academic writing (91.9%), 
future medical applications (94.5%), legal aspects of AI 
(94.4%), and interpreting AI in (clinical) decision-making 
(90.5%). However, about a third were not interested in 
further training on integrating AI in teaching contexts, 
such as exams or classroom instructions (Figure 5).

The most frequently mentioned topics were ana
lysed to identify what kind of training opportunities 
students desire. Overall, the number of positive 
responses decreased considerably from general 
requests for information (e.g. newsletters, informa
tion events) with 1006 nominations, to voluntary 
formats like elective courses or online tutorials (946 
nominations) and finally to mandatory curricular 
courses (362 nominations). The top three AI topics 
students wanted information on were legal aspects 
on AI application (58.1%), current research and 
development in AI (55.5%), and AI tools for scien
tific writing (55.1%). For voluntary learning oppor
tunities, students showed strong interest in using AI 
tools in their studies (62.5%), AI in general (58%) 
and AI in scientific writing. Although mandatory 

Figure 4. Percentage of positive quotes of n = 205 students (100%) related to each answer option to the item “How do you acquire 
new knowledge and skills in the field of digital competence?”. The item included a multiple answer option revealing in summary 
n = 620 quotes. Data are displayed as percentages.
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training courses were less favoured, the most fre
quently requested topics for required education 
included: evaluating and interpreting AI output in 
decision-making (32%), legal aspects related to AI 
(30.8%) and future uses of AI in medicine (23.4%) 
(Table 3).

Subgroup (SG) Analysis

Is there a significant data difference between medical 
students and students studying other life science 
courses?

Most of survey participants were medical or dental 
students at Ulm University (SG 1: 87%, n = 180), 
while the remaining 27 students (SG 2: 13%) were in 
Bachelor’s or Master’s programs, including Molecular 

Medicine and Translational Neurosciences. Few signif
icant subgroup differences emerged. Life science stu
dents (SG 2) reported using DALL-E* tool more often 
(14.8% vs. SG 1: 3.3%; p = 0.038, Cramers V (V) =  
0.186) and were less likely to report never using AI 
tools for text editing (SG 2: 55.6% vs. SG 1: 76.1%; p =  
0.006; V = 0.333). No differences were found between 
the groups in AI-related knowledge, experience in 
writing scientific writing, or frequency of AI tool and 
ChatGPT usage. Both groups held similar views on 
handling AI-generated texts and showed comparable 
preferences for training formats on AI use. 

*DALL-E,  https ://openai .com/index/dal l-e-3/  
Imagegenerator, OpenAI, 2021
Is there a sigsnificant data difference between German 
speaking students and students with another native 
language?

Figure 5. Responses of students (n = 207) to the item “On which (of the following) topics would you like to receive information or 
support (. . .)?”. Data are displayed as percentages of positive quotes.

Table 3. List of students’ quotes about their interest in further education on specific AI topics and the preferred teaching 
format (multiple answer option). The positive responses of the students registered in the Faculty of Medicine in ulm (n =  
207) are listed. The top three AI-topics with highest percental votes in each column are marked by bold printing.

AI topic
No interest 
in training*

Information 
e.g., newsletter

Voluntary 
e.g., elective

Mandatory 
e.g., seminar

1 AI as a learning tool 9 106 125 32
2 AI in medicine 11 103 107 47
3 Legal aspects of AI 11 115 76 61
4 AI for scientific writing 16 109 114 33
5 AI in general 19 102 116 33
6 AI (clinical) decision making 11 92 97 64
7 Indications to use AI 28 100 94 29
8 Research on AI 37 111 81 19
9 AI as a teaching tool 64 82 73 20
10 AI in examinations 66 86 63 19

Number of positive responses 280 1006 946 362
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Among 207 respondents, only 17 (8.3%) identified 
as non-native speakers (SGnn), two of whom were in 
the Translational Neuroscience program (nationwide 
foreigner student quota: 5%). Some subgroup differ
ences were identified: non-native speakers were more 
likely to be familiar with Grammarly* (35.3% vs. 15.9%; 
p = 0.029; V = 0.187) and more likely to report a more 
frequent use of DeepLTranslator** (p = 0.013; V =  
0.444).

*Grammarly, https://grammarly.com Grammarly 
Inc., 2009, San Francisco, USA.

**DeepL SE, https://www.deepl.com Online- 
Translating Service, 2017, Cologne, Germany.

Non-native speakers rated their AI proficiency 
slightly higher, including more frequent use of AI 
tools for online searches (p = 0.049; V = 0.286). 
Concerning their prompting skills, native speakers 
tended to enter prompts impulsively, whereas non- 
native speakers reported refining their approach 
through trial and error (MD = 3 vs. SGnn: MD = 2; p  
= 0.02; V = 0.241). The two groups had similar views on 
AI’s pros and cons. Non-native speakers also expressed 
more confidence in using AI professionally (MD = 3 vs. 
SGnn MD = 2; p = <0.001; V = 0.386) and a more posi
tive attitude (MD = 4 vs. Snn MD = 3; p = 0.045; V =  
0.218), showing greater enthusiasm (MD = 4 vs. SGnn 
MD = 3; p = 0.01; V = 0.256) and less hesitation (MD =  
2 vs. SGnn MD = 3; p = 0.034; V = 0.225). Interest in 
further AI training was similar across both groups.
Is there a significant data difference between male and 
female students?

Of all survey participants, 126 identified as female 
(62.4%), with 60% of them having used ChatGPT. 
Among the 74 male participants, significantly more 
(81.9%) reported ChatGPT use (p = 0.002; V = 0.228). 
Female participants rated their general AI knowledge 
lower than male participants ((6 = very good; 1 = unsa
tisfactory) f: 4.33 ± 1.12; m: 3.45 ± 1.31; p = 0.016, V =  
0.262), though both genders rated their academic per
formance similarly.

Differences also emerged in AI tool usage: female 
participants reported lower frequency of AI tool use 
across various tasks. For instance, 58.1% of male par
ticipants had never used AI tools for text analysis, 
compared to 77.8% of females (p = 0.041; V = 0246). 
While both genders expressed emotions like panic, 
openness or curiosity towards AI, female participants 
reported fear (p = 0.008; ρ = −0.197**, Cohen d =  
0.411), hesitation (p = 0.011; ρ = −0.175*) more often, 
but were less likely to report interest (p = 0.010, ρ =  
0.186**) or enthusiasm (p = 0.024, ρ = 0.148*) 
(Supplement 2). Both groups shared a general interest 
in further AI training. Regarding digital competence, 

female students were less inclined to learn through 
trial and error (62.1% vs. 81.1%; p = 0.017, V =  
0.202), preferring instead to seek help from peers 
(79.8% vs. 60.8%). No significant gender differences 
emerged in preferred training topics or format, though 
male students were more likely to favour mandatory 
AI training (25.4% vs. 11.5%; p = 0.035, V = 0.185) and 
AI tool use in academic writing (28.2% vs.10.7%; p =  
0.007, V = 0.225).
Is there a significant data difference correlating with the 
subjectively assessed level of performance or AI 
expertise?
Level of performance:

Students categorized themselves by self-estimated 
academic performance into three groups: weak (SG 
1:14.5%), average (SG 2: 66.7%) or strong performer 
(SG 3:18.8%). Significant differences were noted in AI 
knowledge, with weaker students rating their prior AI 
knowledge lower than stronger students ((6 = very 
good; 1 = unsatisfactory) SG 1: MD = 5; 4.5 ± 1.11 vs. 
SG 3: MD = 4; 3.54 ± 1.3 p = 0.005, Cohen’s d = −0.786). 
While strong performers generally reported more 
familiarity and prior use of AI tools, but significant 
subgroups differences appeared only for DALL-E * (p =  
0.001), DeepL Write** (p = 0.027), and Quizlet*** (p =  
0.047), not for ChatGPT. Stronger performers were 
also more likely to use AI tools more than once per 
month, particularly ChatGPT (p = 0.006, ρ = 0.267**), 
DeepLWrite (p = 0.015, ρ = 0.541), and Grammarly (p  
= 0.010, ρ = 0.240).

**DeepL Write, https://www.deepl.com/de/write 
Writing Assistant, 2017, Cologne, Germany.

*** Quizlet, Quizlet Live https://quizlet.com/de/fea 
tures/live, Quizlet Inc. 2007, San Francisco, USA.

Strong performer (SG 3) rated themselves as more 
capable of accessing (SG 1: MD = 3; 3.07 ± 1.22 vs. SG 
3: MD = 4; 3.79 ± 1.28; p = 0.015) and sharing factual 
data using AI tools (SG 1: MD = 3; 2.9 ± 1.21 vs. SG 3: 
3;3.36 ± 1.181; p = 0.033). Across all groups, AI tools 
were most often used as a search engines, with usage 
rates of 46.7% for SG 1, 70.3% for SG 2, and 69.2% for 
SG 3, while programming applications were less com
mon (SG 1 3.3%, SG 2 10.9%, SG 3 20.5%). Lower- 
performing students reported less frequent use of AI 
tools, and 9 of the 14 tasks showed statistically signifi
cant differences among subgroups, with effect sizes 
ranging from 0.42 and 0.91 (Supplement 3:Subgroup 
analysis of low, medium and high performing students 
according to their self-estimation concerning the fre
quency of AI tool application.)
The subgroups showed similar self-assessments in 
prompt engineering and awareness of AI risks and 
opportunities. However, lower-performing students 
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(SG 1 and SG 2) were more likely than SG 3 to believe 
that ChatGPT-generated texts often require correc
tions for spelling or wording errors (p = 0.003). Both 
SG 1 and 3 rated themselves as more able to use AI in 
an ethical manner (MD = 4, “largely applies”) com
pared to average performers in SG 2 (MD = 3, “par
tially applies”; p = 0.024). Students with lower self- 
reported performance felt less confident in applying 
their AI skills professionally than those in SG 3 (1.97  
± 1.15 vs. 2.63 ± 1.17; p < 0.05; d = 0.568). In contrast, 
SG 3 students had a more favourable view on AI’s role 
in medicine (MD 4 vs. 3; p = 0.009). No significant 
subgroup differences emerged regarding attitudes 
towards AI’s implementation in medicine, its impact 
on future careers, or interest in further AI training.
AI expertise:

Students rated their AI knowledge from 1 (very 
good) to 6 (unsatisfactory), forming three groups: 
lower self-assessed AI knowledge (SG-low, grades 5–6, 
13%), average (SG-middle, grades 3–4, 44%), and 
higher (SG-high, grade 1 and 2, 43%). This classifica
tion aligned with significantly differences in subgroup 
knowledge of AI-related topics (e.g. data science), as 
well as their self-rated skills with AI tools (p < 0.001, 
correlations ranging from 0.276** to 0.508**). AI 
expertise and academic performance were also moder
ately correlated (ρ = 0.236**), though no link was found 
between AI knowledge and age.

SG-high students reported more frequent and con
fident use of AI tools to access and evaluate knowledge 
(MD 4 vs. 3) and could better explain AI’s strengths 
and limitations (MD 4 vs. MD 2 for SG-low; p < 0.001). 
AI tools were used significantly less by SG-low students 
than by SG-high (p < 0.001), except in cases where AI 
supported learning or self-assessment. While 92.3% of 
SG-high students had used ChatGPT, only 51.1% of 
SG-low had done so (p < 0.001).

Prompting methods also varied significantly across 
subgroups (p < 0.001) with SG-low students generally 
lacked a systematical prompting approach (MD = 4 vs. 
SG-high MD = 2). SG-high students perceived fewer 
risks in data security (p < 0.001) and dehumanisation 
(p = 0.004), but saw AI’s opportunities similarly to 
other subgroups.

SG-high students, compared to SG-low, rated AI as 
more important for their future careers (MD = 4 vs. 3) 
and felt more confident (MD = 4 vs. 2) and positive 
about AI in medicine (MD = 4 vs. 3; p < 0.001). 
Although levels of panic and fear were similar, SG- 
high students reported more excitement, openness, 
curiosity and interest. Subgroups differed in preferred 
learning methods for digital competence: 63% of SG- 
high intended to further their education in AI, while 

only 22.7% of SG-low expressed this intention (p <  
0.001, V = 0.222). SG-high students preferred trial-and- 
error learning (88.9% vs. 54.4% in SG-low; p < 0.001; V  
= 0.295) and were more likely to attend scientific meet
ings (25.9% vs. 5.7%; p = 0.015, V = 0.205). Conversely, 
84.1% of SG-low students relied on peer support, com
pared to 48.1% in SG-high (p < 0.001, V = 0.265).

Training topics and format preferences were similar 
across subgroups, though SG-low showed a higher dis
approval rate for mandatory AI courses than SG-high 
(82.6% vs. 65.4%; p = 0.013). Similar trends were noted 
for topics like research and development of AI, future 
use of AI in medical applications, AI integration as 
a teaching tool, and AI usage guidelines.

Discussion

Main Results

This study analysed survey data from students at 
a German medical faculty, assessing their self-rated 
knowledge, usage pattern, and attitudes. While most 
students were familiar with ChatGPT, other AI-tools 
were significantly less known or used. Students gener
ally took a pragmatic approach, using AI tools primar
ily as search engines or for simple information queries 
rather than for medical or scientific applications. 
Despite moderate knowledge of AI, many expressed 
uncertainties in practical AI skills such as prompt 
engineering and understanding its legal framework. 
Although respondents were open to integrating AI 
into their studies and careers, they felt underqualified 
to use AI professionally and were therefore interested 
in further training – ideally within voluntary, study- 
relevant formats.

According to the previously defined research ques
tions subgroup differences emerged across key areas:

a. Non-native speakers showed a more positively 
attitude towards AI-tools in medicine. They had 
used AI tools more frequently for text translation 
or editing and reported more experience with 
systematic prompting techniques than native 
speakers.

b. Female students had used AI tools less fre
quently and reported feelings of fear or hesitation 
towards AI implementation more often than 
male students.

c. Lower-performing students felt less confident in 
their AI skills and showed more negative atti
tudes towards AI compared to high-performing 
students, who used AI tools more frequently and 
for more complex tasks.
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d. Students with less AI knowledge were more 
likely to misjudge AI-generated text quality and 
held more negative views on AI.

Overall, subgroups showed similar interest in further 
AI training, indicating a broad need for accessible, 
relevant educational resources in AI across perfor
mance and demographic lines.

Limitations

This study’s findings, based on single-point data from 
one institution, may not fully be generalised to other 
settings. Given AI’s rapid evaluation, these results 
represent a snapshot in time. Only 6% of invited stu
dents participated, introducing a potential selection 
bias and therefore might not represent the full student 
cohort; by comparison typical online survey response 
rates hover around 44.1% [50]. However, similar to our 
response rate Stewart et al., 2023, published survey data 
on medical students’ attitudes towards AI after gaining 
a response rate of 8.9% [51]. Incentives could have 
increased participation but were intentionally avoided 
to minimise a potential self-selection bias.

By majority medical students participated in this 
survey, with only a limited representation of students 
attending Bachelor’s or Master’s programs, suggesting 
that subgroup findings should be viewed cautiously. 
Furthermore, the uneven semester distribution may 
also affect the accuracy of students’ self-reported 
knowledge, skills and attitudes, as age and academic 
stage were not fully controlled for in the study design. 
Finally, the questionnaire, though reliable, was self- 
developed and had not been validated in advance. 
However, its development followed solid guidelines 
and ultimately showed good internal consistency. 
Data gained in this questionnaire capture only stu
dents’ self-estimated AI knowledge, skills, attitudes or 
their self-estimated study performance rather than 
their actual competence or performance.

Discussion of study results with Reference to the 
Current Literature

The findings from this study align with prior research 
on students’ AI knowledge, skills and attitudes, which 
consistently show considerable uncertainty in handling 
AI and students’ limited understanding of foundational 
AI principles. Similar trends were noted in studies 
from Turkey [45], Spain [52], Australia ,[51] and 
a multi-centre international study [53]. Pinto dos 
Santos et al. (2019) found that 68% of German medical 
students were unaware of AI use in radiological 

diagnostics [54]. However, this study was conducted 
before ChatGPT’s release, and ever since general AI 
awareness has risen. Recent German studies published 
post-ChatGPT”s release support these findings. Von 
Garrel et al. (2023) surveyed 6300 German students 
across various disciplines and reported that 63.4% 
already use AI tools in their studies [55]. With usage 
highest among engineering students (75.3%) and low
est among health science/medical students (52.7%). 
ChatGPT was used by 50% of students across pro
grams, with AI tools primarily applied to clarify ques
tions and to explain discipline-specific concepts.

The data from this study of medical students at Ulm 
University can be compared with a university-wide 
survey conducted at the same time (autumn 2023), 
which assessed student’s knowledge and skills regard
ing AI tools across all degree programs [56]. This 
survey included 2136 students with a response rate of 
29%, of whom 613 were medical students. While 
approximately two-thirds of participants in von 
Garrel’s study reported using AI tools, only about 
a half of Ulm’s students had done so. Furthermore, 
47% indicated lacking knowledge on AI tools.

The results shown here indicate that medical stu
dents are familiar with only a few AI tools, primarily 
ChatGPT, which they use only infrequently for text 
editing or creation. Instead, they utilise it mainly for 
tasks of lower taxonomy such as translation, searching 
for information or clarifying questions. Consequently, 
students lack the skills needed to fully leverage the 
potential of LLMs like ChatGPT in professional set
tings, as envisioned by experts in research [57], teach
ing [58] and in the context of patient management or 
clinical decision support [57,59,60]. This “misuse” of 
AI may stem from students’ underdeveloped skills in 
systematic prompting, highlighting the need for 
enhanced training programs in both, university and 
school curricula.

Before discussing students’ preferences for further 
training, it is important to consider this study’s sub
group analyses: The findings revealed gender-specific 
differences in students’ attitudes towards AI integration 
in medicine. Notably, females exhibited more negative 
attitudes and greater feelings of fear or hesitation 
regarding AI. This aligns with prior study results for 
students from Germany [54] and Spain [52]. The nega
tive attitudes among females may be linked with their 
lower usage of AI tools leading to decreased familiarity 
and confidence in these technologies. This study found 
no significant differences in AI tool usage among med
ical, dental or life sciences bachelor’s and master’s 
students. This may be due to the small number of life 
sciences participants, because von Garrel’s larger 
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survey identified a correlation between usage behaviour 
and degree program, indicating that master and doc
toral students utilise AI tools more frequently for writ
ing scientific or academic papers; a practice not 
mandatory in medical or dental programs in Germany.

In this study, nearly 10% of students expressed no 
interest in further AI training. This supports prior 
findings, where 91% of medical students favoured AI 
training, and most students supported its integration 
into their curriculum [51,54]. Training in AI is essen
tial for the future [52]. To complement previous 
research, this survey also explored students’ preferred 
content and teaching formats for AI training: Students 
were particularly interested in topics that could be 
directly applied to their daily tasks, such as using AI 
to enhance their learning, assist in patient care, and aid 
in scientific writing. They also sought on the legal use 
of AI tools [56]. However, respondents generally 
rejected the idea of AI being taught as a compulsory 
subject. Overall, while students are eager to harness the 
benefits of AI, they express significant uncertainty 
about its professional application. Despite their inter
est, their willingness to engage in compulsory or time- 
consuming training formats appears limited.

Interest in AI extends beyond students; educators and 
healthcare professionals have already highlighted the 
need to update medical curricula to incorporate AI 
[31,38,45,61]. Yet, medical educators’ digital competen
cies are often described as inconsistent and moderate to 
low. Like students, educators mainly acquire digital skills 
independently from peers [47]. Digital skills training is 
largely absent from the mandatory core curriculum and 
only recommended in Germany’s optional learning 
objectives framework, NKLM 2.0 [62]. Therefore, educa
tors’ motivation for additional training has been rather 
modest upto now, pointing to a broader need for 
improved digital qualifications.

Despite AI’s growing use in clinical settings, com
prehensive AI education remains lacking in German 
medical training. A 2022 survey by Mosch et al. 
reported that 71.8% of the German medical faculties 
include AI in their curricula, though typically only as 
elective courses – an approach also preferred by the 
students in this study [63]. Currently, AI is sporadically 
covered in undergraduate courses [23,58], and none of 
Germany’s 56 postgraduate speciality training pro
grams offers AI-related content [64]. To effectively 
integrate AI in medical education, it is essential to 
understand and address students’ knowledge, skills 
and attitudes, as surveyed here, and actively involve 
students in curricular development. Educators should 
engage students at their individual learning levels while 
scientifically monitoring the integration process of AI 

in medical education to shape future guidelines 
[51,52,57]. A valid and very useful instrument to 
track the future effects of incorporating AI tools in 
medical curricula will be the ChatGPT literacy scale 
by Lee and Park (2024), that was unfortunately pub
lished only after this study was realised [65].

When developing AI teaching programs, it is cru
cial to enhance not only students’ AI literacy but also 
their understanding of AI’s future relevance in clinical 
practice. Such an approach, along with fostering 
a strong belief in AI’s role in medicine, is key in 
motivating students’ engagement and learning 
[66,67]. Clinically focused, small-group session can 
be an effective way to build interest in medical AI 
application [53]. Promoting “behavioral intention” in 
learning AI is especially valuable when tailored to 
specific students’ subgroups, as analysed in this 
study. For example, medical curricula could target 
females who tend to feel more apprehensive towards 
AI, lower-performing students with less AI exposure, 
and those with limited prior knowledge who may 
undervalue AI’s relevance. Furthermore, a flexible, 
voluntary online teaching format could support stu
dents’ behavioural intentions by offering accessible, 
self-paced instructions – an ideal format to teach 
foundational topics in AI technology, e.g. machine 
learning. Given students’ interest in applied AI skills, 
Lee et al., 2021, recommended a practical “hands-on” 
format to deepen engagement with AI tools.

Outlook

Before the release of ChatGPT in 2022, Masters high
lighted AI’s potential to reshape the role of future 
physicians and transform medical education [68]. 
Now, this potential is widely recognised by the public 
and students alike. While students are generally open 
to AI, they rate their own knowledge and skills as low, 
often using pragmatic, self-taught strategies to fill 
potential gaps. The fact that ChatGPT can pass medical 
exams has sparked a debate on current assessment 
methods [69]. However, it also shows that ChatGPT 
is currently still very much focused on basic knowledge 
reproduction, even though medical practice requires 
not only knowledge but also human interaction. As 
AI rapidly evolves, it is essential to rethink medical 
education to leverage the synergy between AI- 
supported learning and human-centred care [69].

Currently, universities have the chance to embrace 
AI as something more than only a novel teaching tool; 
it has the potential to revolutionise medical training. 
ChatGPT and similar AI applications could serve as 
“personalized digital learning companion”, as 
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Balasooriya decribed it in 2024 [24,70]. To prepare 
students effectively, universities should define clear AI 
learning objectives and establish transparent guidelines 
for AI use in medical education, guided by facts on 
students’ current skills and attitudes.
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