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Abstract

Objectives To assess undergraduate medical students’ attitudes towards artificial intelligence (Al) in radiology and medicine.
Materials and methods A web-based questionnaire was designed using SurveyMonkey, and was sent out to students at three major
medical schools. It consisted of various sections aiming to evaluate the students’ prior knowledge of Al in radiology and beyond, as
well as their attitude towards Al in radiology specifically and in medicine in general. Respondents’ anonymity was ensured.
Results A total of 263 students (166 female, 94 male, median age 23 years) responded to the questionnaire. Around 52% were
aware of the ongoing discussion about Al in radiology and 68% stated that they were unaware of the technologies involved.
Respondents agreed that Al could potentially detect pathologies in radiological examinations (83 %) but felt that AT would not be
able to establish a definite diagnosis (56%). The majority agreed that Al will revolutionise and improve radiology (77% and
86%), while disagreeing with statements that human radiologists will be replaced (83%). Over two-thirds agreed on the need for
Al to be included in medical training (71%). In sub-group analyses male and tech-savvy respondents were more confident on the
benefits of Al and less fearful of these technologies.

Conclusion Contrary to anecdotes published in the media, undergraduate medical students do not worry that Al will replace
human radiologists, and are aware of the potential applications and implications of Al on radiology and medicine. Radiology
should take the lead in educating students about these emerging technologies.

Key Points

* Medical students are aware of the potential applications and implications of Al in radiology and medicine in general.

* Medical students do not worry that the human radiologist or physician will be replaced.

* Artificial intelligence should be included in medical training.
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Abbreviations Introduction

Al Artificial intelligence

CSV  Comma Separated Values (a file format) Over the past few years, the emerging fields of artificial intel-
IQR  Interquartile range ligence (Al) and especially deep learning have attracted a
MRI Magnetic resonance imaging great deal of attention in radiology [1-3]. These techniques

have mainly been employed for visual tasks such as classifi-
cation of images (e.g. diagnosis on chest X-rays) or automated
segmentation of regions of interest in an image (e.g. segmen-
tation of tumour tissue in brain MRI) [4]. Even major news
outlets referred to these topics, most prominently with various
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Table 1

Fifth part of the questionnaire — demographics and self-reported tech-savviness

Agree entirely

I consider myself a tech-savvy person 60/263 (22.8%)

Median Quartiles
Age (years) 23 21/26
Male Female

Gender 166/263 (63.1%)

Rather agree
106/263 (40.3%)

94/263 (35.7%)

N/A
3/263 (1.1%)

Rather disagree
77/263 (29.3%)

Disagree entirely
17/263 (6.5%)

Min/Max
19/58

N/A
13/263 (4.9%)

N/A
3/263 (1.1%)

algorithms able to interpret images as well or even better than
human observers. Subsequently, during scientific meetings
and even on social media, renowned radiologists and scientists
shared stories of being approached by residents and under-
graduate students concerned that the pursuit of radiology train-
ing might be an erroneous career choice [6].

Recently, debates surrounding these issues have cooled
down somewhat and the challenges certainly facing radiology
in the advent of commercially available Al products are now
the subject of more considered discussion. However, it remains
unknown whether medical students in general are concerned
that Al could replace the radiologist or any other physician.
Besides the anecdotal episodes mentioned above, little is
known about the attitude of medical students towards Al and
deep learning. To address this issue, we performed a
multicentre survey amongst undergraduate medical students
to assess their feelings on Al in radiology, specifically, and
medicine in general and to evaluate whether these students
worry that machines might replace radiologists or other physi-
cians in the foreseeable future.

Materials and methods

We designed an electronic survey using the SurveyMonkey
web-application (SurveyMonkey Europe UC). The question-
naire contained several sub-sections, each addressing different
aspects (see Tables 1, 2, 3, 4 and 5). The first section was
aimed at evaluating whether the students had already heard
of deep learning and Al in the context of radiology and wheth-
er they felt they had a basic grasp of the underlying technolo-
gies. The second section was introduced with a statement that

Table 2

Al is already being employed in relatively common software
such as speech- and text-recognition, spam-filters and recom-
mendation algorithms. The respondents were then asked to
state whether or not they had already heard this in the media,
on social media, during lectures or from friends/family.

In the third and fourth sections, the students were presented
with various statements and asked to indicate their level of
agreement on a four-point Likert scale (disagree entirely, rath-
er disagree, rather agree, or agree entirely) [7]. While the third
section aimed at specific possible applications of Al in radi-
ology, the fourth section had a broader scope and tried to
assess the students’ general fear of algorithms replacing hu-
man radiologists and other physicians.

The last section consisted of questions regarding respon-
dent demographics as well as one question regarding whether
the respondents considered themselves tech-savvy or not.

The questionnaire was sent out via email and advertised on
social media to undergraduate medical students at three major
German universities (University of Cologne, University of
Bonn, University of Mainz). Participation was voluntary and
had no relation to the students’ curricular activities. The stu-
dents were informed that the results of the survey would be
used for further statistical evaluation and scientific publica-
tion. Respondent anonymity was guaranteed by design.

After the closing date for questionnaire submissions, results
were downloaded as a CSV file. For simplified descriptive
statistics the categories ‘disagree entirely’ and ‘rather disagree’
were summarised as disagreement while ‘rather agree’ and
‘agree entirely’ were summarised as agreement. For all other
statistical analyses, the original categories were preserved.
Statistical analysis was performed using R 3.4.0 with RStudio
1.0.136 [8, 9]. Comparison of the distribution of responses

First section of the questionnaire — Al and deep learning as a topic in radiology

‘Deep Learning’ and ‘Aurtificial Intelligence’ are currently being broadly discussed in the radiological community.

Yes

No N/A p-values (male vs. female /

tech-savvy vs. non-tech-savvy)

Were you already aware of these topics in radiology?

Do you personally have a basic understanding of the 81/263 (30.8%)

technologies used in these topics?

138/263 (52.5%)

123/263 (46.8%)
179/263 (68.1%)

2/263 (0.8%)
3/263 (1.1%)

<0.001 / <0.001
<0.001 /<0.001
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Table 3

Second part of the questionnaire — previous exposure from different sources to Al as a topic in general

Other applications we use in daily life already use artificial intelligence (e.g. speech-/text-recognition, spam-filters, recommendation algorithms). Were

you aware of this?

Yes No

N/A p-values (male vs. female / tech-savvy
vs. non-tech-savvy)

From the media 224/263 (85.2%)
173/263 (65.8%)
147/263 (55.9%)

161/263 (61.2%)

35/263 (13.3%)
771263 (29.3%)
104/263 (39.5%)
87/263 (33.1%)

From social media
From lectures

From friends / family

4/263 (1.5%) 0.915/0.788
13/263 (4.9%) 0.857/0.056
12/263 (4.6%) 0.026 /0.790
15/263 (5.7%) 0.014/0.082

across sub-groups was performed using the Wilcoxon signed
rank test. A p-value of <0.05 was regarded as statistically sig-
nificant. Figures were plotted using the ggplot2 package [10].

Results

Over a 2-week period, a total of 263 undergraduate students
responded to the questionnaire. Of these, 166 were female and
94 were male (three respondents did not indicate their gender)
and the median age was 23 years (interquartile range [IQR] 21
— 26). Almost two-thirds (63.1%) of respondents considered
themselves tech-savvy (Table 1).

Of all respondents, a little over half were aware that Al is a
hot topic in radiology (52.5% yes vs. 46.8% no). However,
only one-third of respondents stated that they had basic
knowledge of the underlying technologies (30.8% yes vs.
68.1% no). For both questions there was a statistically signif-
icant difference when comparing male and female respon-
dents as well as when comparing those considering them-
selves tech-savvy and those not (all comparisons p<0.001,
Table 2). In both cases, male and tech-savvy respondents were
more likely to have answered yes to these questions.

As for students already having heard about Al in their day-
to-day life, an overwhelming majority stated they had already
heard of it from the media (85.2% yes), but also on social
media (65.8% yes). Only a smaller number had also already
heard about Al during university lectures (55.9% yes) or from

friends and family (61.2% yes). For both questions male re-
spondents were significantly more likely to answer yes than
females (p=0.026 and p=0.014), while there was no difference
when polled on tech-savviness (Table 3).

Concerning the more radiology-specific questions, there
was a broad agreement that Al could be applied to automati-
cally detect pathologies in imaging examinations (83.7%
agreement vs. 15.2% disagreement). However, a small major-
ity disagreed that Al could potentially make an automated
diagnosis from imaging examinations (42.2% agreement vs.
56.7% disagreement). In both cases, male gender and tech-
savviness were associated with higher agreement (p-values
between 0.017 and <0.001). A majority of students agreed
that Al could potentially perform automated indication of ap-
propriate imaging examinations (56.7% agreement vs. 41.4%
disagreement). More detailed results can be found in Table 4.

While the vast majority agreed that Al will revolutionise
radiology (77.2% agreement) and medicine in general (73%
agreement), most disagreed that human physicians in general
(96.6% disagreement) as well as radiologists could be re-
placed in the foreseeable future (82.9% disagreement).
Nevertheless, one-third of respondents were somewhat con-
cerned by the recent developments in Al (37.7% agreement)
and less than half stated that these developments make radiol-
ogy or medicine more exciting to them (30.8% and 44.5%,
respectively). The vast majority, however, agreed that the use
of Al will improve radiology (85.8% agreement) and medi-
cine as a whole (83.6% agreement). Moreover, 70.1% of

Table 4  Third section of the questionnaire — applications for Al in radiology

What potential applications for Al in radiology do you see?

Agree entirely Rather agree

Rather disagree

Disagree entirely N/A p-values (male vs.
female/tech-savvy

vs. non-tech-savvy)

Automated detection of
pathologies in imaging exams

Automated diagnosis in
imaging exams

Automated indication of
appropriate imaging exams

106/263 (40.3%)  114/263 (43.4%)

32/263 (12.2%)  79/263 (30.0%)

35/263 (13.3%)  114/263 (43.4%)

36/263 (13.7%)
122/263 (46.4%) 27/263 (10.3%)

90/263 (34.2%)

4/263 (1.5%) 3/263 (1.1%) <0.001/0.001

3/263 (1.1%) <0.001/0.017

19/263 (7.2%) 5/263 (1.9%)  0.736/0.633
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Fig. 1 Example of distribution of
answers from the questionnaire,
comparing for gender subgroups.
Male respondents were more
confident that the application of
Al will be beneficial

count

90

30

ab.

agree entirely rather agree rather disagree disagree entirely
Artificial intelligence will improve medicine in general

Sex

. female
. male

respondents agreed on the need for Al to be included in med-
ical training. More in-depth results are provided in Table 5.

In general, wherever there was a statistically significant
difference between gender or degree of tech-savviness, males
and more tech-savvy respondents tended to be more confident
on the impact of technology on radiology and medicine, were
less concerned and expressed more interest in Al being part of
medical training (Figs. 1 and 2).

Discussion

Without a doubt, Al and deep learning will have a major im-
pact on the future of radiology and medicine in general
[11-13]. When these topics first arose at various scientific
meetings, it seemed radiologists were most concerned they
might lose their jobs in the foreseeable future. Consequently,
anecdotal examples of final year students fearing that radiology
training could be a poor career choice were shared. However,

Fig. 2 Example of distribution of
answers from the questionnaire,
comparing for subgroups of self-
reported tech-savviness. Tech-
savvy respondents were less

60 1

apart from these anecdotes, there has not been a systematic
survey amongst undergraduate medical students regarding
their general attitude towards Al in medicine and radiology.
In our study, we found that while most medical students do
not necessarily have an understanding of the basic technical
principles underlying AI, most of them had already heard about
it and half of them were even aware that it was recently being
discussed in radiology. Although most did not think that algo-
rithms will be able to make specific diagnoses in imaging ex-
aminations, most students were convinced that AI will be able to
automatically detect pathologies in imaging examinations and
even automatically indicate appropriate examinations. However,
contrary to the anecdotes of fearful students being reluctant to
choose radiology training, we found that the overwhelming ma-
jority of students were confident that in the foreseeable future
there will still be the need for human physicians and radiologists.
Interestingly, over half the respondents stated that recent devel-
opments did not add to their excitement for medicine or radiol-
ogy. This particular question was unfortunately not very clear as

frightened of the potential

negative impacts of Al in

medicine 40 tech-savvy
2 -
C . yes

20- "J
01 -

agree entirely
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to its intended meaning. Responses could be interpreted as sug-
gesting that recent developments in Al in fact make respondents
somewhat reluctant to pursue these fields. However, even
though this result remains somewhat ambiguous, when coupled
with the response that they did not fear replacement by Al it
could also be interpreted that their excitement for medicine and
radiology remains mostly unchanged, with a small proportion of
respondents even stating that it added to their excitement.
Nevertheless, undergraduate medical students are well aware
that AI will likely revolutionise radiology and medicine in gen-
eral, with a broad agreement that this revolution will help to
bring improvements to the field.

It is still unclear whether or not these hopes are justified,
and which parts of medicine and radiology will first benefit (or
suffer) from the use of Al Impressive results have already
been made (e.g. outside the radiology field — Google’s paper
on retinopathy detection and Stanford’s paper on skin cancer
detection), and for some applications data suggest that prop-
erly trained algorithms can perform comparably to humans
[14, 15]. Nevertheless, we are still a long way from Al being
fully integrated in clinical workflows.

Over the last few months, the general tone in the discussion
of Al in radiology has shifted from fear of complete replace-
ment to a more differentiated statement: “Al will not replace
the radiologist, but radiologists that use Al will replace those
that do not”. Knowledge and a basic understanding of the key
principles in deep learning and AI will probably be crucial for
future generations of radiologists and physicians in general.
We found that there were some differences in attitude and
knowledge regarding Al and deep learning, depending on
gender and self-reported tech-savviness. Considering the huge
impact these technologies could potentially have on the future
of medicine and radiology, there is a strong need to incorpo-
rate basic training in these topics into undergraduate and post-
graduate medical curricula, hopefully also compensating for
these differences. Interestingly, the respondents in our study
seemed well aware of this and expressed an interest in topics
of this kind being integrated into medical training.

However, it should be noted that this study has some lim-
itations and it may not be possible to extrapolate results to
other countries and other training curricula. Moreover, as we
examined only the attitude of undergraduate medical students,
it could be argued that postgraduate students or even more
senior physicians do not share the students’ rather optimistic
views. A potentially interesting topic for further study would
be to investigate these different groups as well, in order to also
address their specific concerns. Likewise, it could be of inter-
est to specifically examine if those more skeptical of the im-
pact of Al on radiology do indeed tend to avoid radiology
training. However, this aspect should be put into perspective
with the general quota of undergraduates applying for radiol-
ogy training and should be carefully separated from other
personal traits that may impact their choice of specialty.

As one of the first sub-specialties to broadly discuss the
impact of Al on medicine, radiology should therefore take
the lead in educating undergraduate students on these emerg-
ing technologies, emphasising the specific challenges that
may lay ahead. More specifically, basic knowledge of the
technical background of Al in medicine and radiology should
be conveyed in terms of what data are needed for which type
of task and how Al algorithms should be evaluated.

Acknowledgements The authors would like to acknowledge Helen Anna
Toder, Franziska Stern, Franziska Inka Meyer, Elisabeth Neuhaus, Jasmin
Weindler, Nedim Beste, Sebastian Dern, Omer Reiner and Melanie
Treutlein who helped in distributing the questionnaire to the students.

Funding The authors state that this work has not received any funding.

Compliance with ethical standards

Guarantor  The scientific guarantor of this publication is Prof. Dr. David
Maintz, University Hospital of Cologne (david.maintz@uk-koeln.de).

Conflict of interest The authors of this paper declare no relationships
with any companies whose products or services may be related to the
subject matter of the article.

Statistics and biometry No complex statistical methods were necessary
for this paper.

Informed consent Written informed consent was not required for this
study because this study involved no patients. Participation in the ques-
tionnaire was voluntary and had no relation to the students’ curricular
activities. Respondents were informed on the nature and purpose of the
questionnaire and anonymity was guaranteed.

Ethical approval Institutional Review Board approval was not required
because this study involved no patients. Participation in the questionnaire
was voluntary and had no relation to the students’ curricular activities.
Respondents were informed on the nature and purpose of the question-
naire and anonymity was guaranteed.

Methodology

* prospective

« cross-sectional study
 multicentre study

References

1. Carlos RC, Kahn CE, Halabi S (2018) Data Science: Big Data,
Machine Learning, and Artificial Intelligence. J] Am Coll Radiol
15:497-498

2. Kohli M, Prevedello LM, Filice RW, Geis JR (2017) Implementing
Machine Learning in Radiology Practice and Research. AJR Am J
Roentgenol 208:754-760

3. Erickson BJ, Korfiatis P, Akkus Z, Kline T, Philbrick K (2017)
Toolkits and Libraries for Deep Learning. J Digit Imaging 30:
400-405

4. Lakhani P, Sundaram B (2017) Deep Learning at chest radiography:
automated classification of pulmonary tuberculosis by using
convolutional neural networks. Radiology 284:574-582

@ Springer



1646 Eur Radiol (2019) 29:1640-1646
5. Hsieh P (2017) Will Computers Be Reading Your Chest X-Ray? 12.  Tajmir SH, Alkasab TK (2018) Toward Augmented Radiologists:
Forbes. Available via https://www.forbes.com/sites/paulhsieh/ Changes in radiology education in the era of machine learning and
2017/11/27/will-computers-be-reading-your-chest-x-ray/# Artificial Intelligence. Acad Radiol 25:747-750
57bd235514c¢5 13.  de Bruijne M (2016) Machine learning approaches in medical image
6. Ng A (2017) Tweet on 11.07.2017. Auvailable via https://mobile. analysis; From detection to diagnosis, Med Image Anal 33:94-97
twitter.com/andrewyng/status/884810469575344128 7lang=de 14. Esteva A, Kuprel B, Novoa RA et al (2017) Dermatologist-level
7. Likert R (1932) A technique for the measurement of attitudes. classification of skin cancer with deep neural networks. Nature 542:
Archives of Psychology. 22:55 115-118
8. Team R (2016) RStuc.lioz Integrated Development for R. Available 15.  Gulshan V, Peng L, Coram M et al (2016) Development and vali-
via https://www.rstudio.com dation of a deep learning algorithm for detection of diabetic reti-
9. Team RC (2014) R: A language and environment for statistical nopathy in retinal fundus photographs. JAMA 316:2402-2410
computing. Available via http://www.r-project.org/
10. Wickham H, Chang W (2009) ggplot2: An implementation of the
Grammar of Graphics. Available via http://ggplot2.tidyverse.org/
11. Syeda-Mahmood T (2018) Role of Big Data and Machine Learning

in Diagnostic Decision Support in Radiology. J Am Coll Radiol 15:
569-576

@ Springer


https://www.forbes.com/sites/paulhsieh/2017/11/27/will-computers-be-reading-your-chest-x-ray/#57bd235514c5
https://www.forbes.com/sites/paulhsieh/2017/11/27/will-computers-be-reading-your-chest-x-ray/#57bd235514c5
https://www.forbes.com/sites/paulhsieh/2017/11/27/will-computers-be-reading-your-chest-x-ray/#57bd235514c5
https://mobile.twitter.com/andrewyng/status/884810469575344128?lang=de
https://mobile.twitter.com/andrewyng/status/884810469575344128?lang=de
https://www.rstudio.com
http://www.r-project.org/
http://ggplot2.tidyverse.org/

	Medical students' attitude towards artificial intelligence: �a multicentre survey
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References


