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Abstract

Purpose: Bard by Google, a direct competitor to ChatGPT, was recently released. Understanding the relative per-
formance of these different chatbots can provide important insight into their strengths and weaknesses as well as which
roles they are most suited to fill. In this project, we aimed to compare the most recent version of ChatGPT, ChatGPT-4,
and Bard by Google, in their ability to accurately respond to radiology board examination practice questions. Methods:
Text-based questions were collected from the 2017-2021 American College of Radiology’s Diagnostic Radiology In-
Training (DXIT) examinations. ChatGPT-4 and Bard were queried, and their comparative accuracies, response lengths,
and response times were documented. Subspecialty-specific performance was analyzed as well. Results: 318 questions
were included in our analysis. ChatGPT answered significantly more accurately than Bard (87.11% vs 70.44%, P < .0001).
ChatGPT’s response length was significantly shorter than Bard’s (935.28 + 440.88 characters vs 1437.52 %
415.91 characters, P < .0001). ChatGPT’s response time was significantly longer than Bard’s (26.79 * 3.27 seconds vs
7.55 + 1.88 seconds, P <.0001). ChatGPT performed superiorly to Bard in neuroradiology, (100.00% vs 86.21%, P = .03),
general & physics (85.39% vs 68.54%, P < .001), nuclear medicine (80.00% vs 56.67%, P < .01), pediatric radiology (93.75%
vs 68.75%, P = .03), and ultrasound (100.00% vs 63.64%, P <.001). In the remaining subspecialties, there were no significant
differences between ChatGPT and Bard’s performance. Conclusion: ChatGPT displayed superior radiology knowledge
compared to Bard. While both chatbots display reasonable radiology knowledge, they should be used with conscious
knowledge of their limitations and fallibility. Both chatbots provided incorrect or illogical answer explanations and did not
always address the educational content of the question.

Résumé

Objectif : Le robot conversationnel Bard de Google, un concurrent direct de ChatGPT, a récemment été lancé. La
compréhension des performances relatives de ces deux robots conversationnels peut mettre en lumiere leurs forces et leurs
faiblesses ainsi que les fonctions pour lesquelles ils sont les plus adaptés. Ce projet avait pour objectif de comparer les réponses
de Bard et de la version la plus récente de ChatGPT, a savoir ChatGPT-4, a une série de questions pratiques tirées d’'un examen
en radiologie. Méthodes : Les questions écrites utilisées provenaient des annales 2017-2021 de I'examen Diagnostic Radiology
In-Training (DXIT) de ’American College of Radiology. Ces questions ont été soumises a ChatGPT-4 et Bard, et leurs temps de
réponse ainsi que la longueur et I'exactitude de leurs réponses respectives ont été analysés. Les performances relatives aux
sous-spécialités ont également été examinées. Résultats : Cette comparaison a été effectuée sur 318 questions. Les réponses
de ChatGPT étaient plus exactes que celles de Bard (87,11 % contre 70,44 %, P < ,0001). Les réponses de ChatGPT étaient
considérablement plus courtes que celles de Bard (935,28 + 440,88 caractéres contre | 437,52 + 415,91 caractéres, P <,0001).
Le temps de réponse de ChatGPT était nettement plus long que celui de Bard (26,79 + 3,27 secondes contre 7,55 £
1,88 seconde, P <,0001). Les performances de ChatGPT étaient supérieures a celles de Bard en neuroradiologie (100,00 %
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contre 86,21 %, P = ,03), en radiologie générale et en physique (85,39 % contre 68,54 %, P < ,001), en médecine nucléaire
(80,00 % contre 56,67 %, P < ,01), en radiologie pédiatrique (93,75 % contre 68,75 %, P = ,03), et en échographie (100,00 %
contre 63,64 %, P <,001). Aucune différence notable entre les performances de ChatGPT et celles de Bard n’a été notée en ce
qui concerne les autres sous-spécialités. Conclusion : ChatGPT a fait preuve de connaissances en radiologie supérieures a
celles de Bard. Bien que les deux robots conversationnels semblent démontrer des connaissances correctes en radiologie, il est
nécessaire de les utiliser en ayant conscience de leurs limites et de leurs défauts. Les robots ont également tous deux justifié
leurs réponses avec des explications incorrectes ou illogiques, et n'ont pas toujours pris en compte le cété éducatif de la

question.
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Introduction

Artificial intelligence (AI) chatbots have utility in a variety
of contexts, and their applications within medicine are a
particularly exciting current area of investigation.
ChatGPT (Chat Generative Pre-trained Transformer) by
OpenAl is currently the most popular chatbot and was
released in a preliminary form last year, in November
2022." A direct competitor was recently released by
Google, named Bard.? Similar to ChatGPT, Bard is an
interactive Al chatbot that engages in conversation in
response to human input. However, unlike ChatGPT, Bard
also has real-time access to the internet and a unique
communication model named the Language Model for
Dialogue Applications (LaMDA) instead of ChatGPT’s
Generative Pre-training Transformer.’

In recent months, there have been a number of studies
published regarding the potential role of ChatGPT in ra-
diology. Potential uses include assistance with report
generation, as a study tool for trainees, improving differ-
ential diagnoses, data analysis, determining suitable im-
aging options, and as a source of information for patients.*°
Studies earlier this year found that ChatGPT-4 performed
better than ChatGPT-3.5 in answering a sample of
150 questions designed to be similar to the Canadian Royal
College and American Board of Radiology examinations.”®
Given the novelty of Bard by Google, to the best of our
knowledge, there are only 2 published articles comparing
ChatGPT to Bard, both of which found ChatGPT to be
superior.” ' In this project, we aimed to compare the most
recent version of ChatGPT, ChatGPT-4, and Bard in their
ability to accurately respond to radiology board examina-
tion questions. Understanding the relative performance of
these different chatbots can provide important insight into
the strengths and weaknesses of each of these chatbots and
which roles they are most suited to fill.

Methods

Questions were collected from the American College of
Radiology’s Diagnostic Radiology In-Training (DXIT)

examination.'' The DXIT examination is an annual exam
prepared by the ACR used to simulate the American Board of
Radiology (ABR) Core exam. The exam is administered in
many radiology residency programs internationally and serves
as a formative assessment tool for residents in training. The
literature suggests that it can serve as a predictor for residents’
future performance on the Canadian Royal College exami-
nation or the ABR Core examination.'*'*> DXIT exam
questions were collected through a publicly available, open-
source flashcard software.'* Consent was obtained from the
ACR to conduct our analysis using these publicly available
questions. A 5-year sample of DXIT examination questions,
between 2017 and 2021, was used in this study. These
questions were categorized by year and by exam subsections
including neuroradiology, mammography, general & physics,
nuclear medicine, pediatric radiology, interventional radiol-
ogy, gastrointestinal radiology, genitourinary radiology, car-
diac radiology, chest radiology, musculoskeletal radiology,
and ultrasound. Questions were entered into each chatbot
using the same methodology as described by Gilson et al.
(2023)." Only text-based questions were included in our
analysis.

Data was collected using ChatGPT-4 and Bard on June 11,
2023. Each Al chatbot was reset before entering another
question. The primary outcome of this study was the com-
parative performance of ChatGPT and Bard in answering
DXIT questions. The secondary outcomes of this study in-
cluded the chatbots’ performance in each subspecialty, the
length of responses, the response time, and the proportion of
questions answered with an explanation. Additionally, 10% of
our questions and their respective responses by ChatGPT and
Bard were selected for more detailed analysis by 2 radiologists
at a tertiary care center (N.L., C.V.P.). Specifically, each re-
sponse by each chatbot was read in detail and the proportions
of responses which contained hallucinations/fabrications, il-
logical or incorrect answer rationales, or do not accurately
address the educational content of the questions, were
recorded. Data was collected independently, and conflicts
were resolved through discussion. Paired t-tests were used to
compare means and chi-squared tests were used to compare
proportions. A P-value threshold of .05 was used to determine



Patil et al.

SouaJayIp uedyiudis Aj[ednsnes e sayiudis

«1000>  (88'1) S§2  (£T€) 6£9T  «1000> (16SI¥) TSLEFI (88°0vF) 8TSES #1000™> ¥0L 1128 (o¥'601) 10THT 8l€ [e3o]
«1000>  (95°1) £02 (€97 66'ST 10> (9975¢) se' 1261 (11'819) 16+¥6 #100> $9°€9 00001 (07'99) €TLET w punosen|n
A3o|oipeu
«1000>  (b6'1) 822 (T1°€) 95°LT «100>  (€€91€) ob'9TEl  (€6'¥65) 8F'SH6 ol 009 0008 (90°12) TS'¥8I T4 [e33[)so|ndsn|y
«1000>  (S¥'1) €69  (L1'1) $T9T 10> (8T560) €€T6k1  (££'€0€) €£€918 LT €€'€8 00001 (+0'L6) £90ET 9 ASo|o1pe. 359y
A3ojolped
«1000>  (s¥'1) 02 (8%°€) 1L°LT «100>  (4H'T69) ¥6°LESI (8%°€) 05°S16 65 S1'89 005/ (£T65) 69881 91 seipae)
A3o|olpe.
£1000>  (20°€) 992 (90°€) +£6T 0 (TTre) 60°cLE1  (8T'8EE) T8'8KOI €5 ¥9'€9 €L (S1'TL) 60°STT I Aseurnoyus
A3o|olpeu
«1000> (651 0zLz (10°€) $6'ST  %1000>  (1TTTE) 99 LTkl (10°€TH) €6°106 Ll 1€6L 99'68 (85°19) 00061 6T [eURSIUIOIISED
A3ojolpeu
«1000>  (821) €€2 (TT€) 909T  «1000>  (06'9%F) 1£8€S1  (0001S) 1€2S6 4% 1108 94'88 (+0°06) 80°LIT 9T [UORUBAIRIU|
A3o|olpe.
£1000>  (£0D) 152 (€5°€) ££9T 100> (16'LpS) 88'89€1  (O'0EE) €992 *€0° S1'89 SL'€6 (96'8¥) 18561 9l dLEIpag
aupipaw
«1000> (017 €8 (F1°€) §€°9¢ 100> (98%£€) £§512€1  (£5°98%) 0E'L¥6 %10"> 199§ 0008 (e£7€01) L9¥LT 0¢ JeaPnN
sa1sAyd
«1000>  (68°1) S22 (Tr'€) 6897  «1000>  (8590%) 69°06F1 (0S'€ESH) 8€TTOI #100> ¥5°89 6£'98 (08's¥1) TTs0¢E 68 8 [eIduURD)
«1000>  (82'1) S92 (S0¥) 90°8T 100> (PETHY) S6bSH1  (8€LbY) €9°£8L 4 W89 1TH8 (50'8%) 9T HET 61 AydesSowwey
«1000>  (18'1) 072 (697 9T9T  %1000> (88'SI1¥) TS€hyl  (SE'9TH) 06058 +€0° 1798 00001 (8972) 8T L0T 6T A3ojoipeaoinaN
(321 1) (spuodag) (spuodag) (321 1) (sum0EaRYD) (sum0EaRYD) (a1 (%) (%) (suo10eaRYD)  suonseand Aio3a1e)
anfeA-d awl| swi ) aneA-d r8ua ya8uaT asuodsay paJenbg  Adeunddy Adeunddy 4 Ya8us uonsand
yadua asuodsay asuodsoy yaduan asuodsay p.Jeg p-1d93eYyD -1yD) pJeg -1d9eYD
asuodsay pJeg p-1d9eYyD  Ssuodsay an[eA-d
Adeunaoy

‘suonsan®d) wex3 ]|Xq ASojoipey jo 935]|0D) uedlIBWY SUlISMSUY Ul AJBINJDY pue SONsLISIdBJIBYD) asuodsay pJeg pue -] 4DeYD °| d|qeL



Canadian Association of Radiologists’ Journal 0(0)

A. Renal vein thrombosis
B. Portal vein thrombosis

Question: Which of the following is a complication of umbilical venous lines?

|

ChatGPT Response: The correct answer is:
B. Portal vein thrombosis

Umbilical venous lines, also known as umbilical catheters, are commonly used in neonatal intensive care units for various
medical purposes. However, one of the potential complications associated with umbilical venous lines is the development
of portal vein thrombosis. This occurs when a blood clot forms in the portal vein, which is the main vessel that carries
blood from the gastrointestinal tract and spleen to the liver. Portal vein thrombosis can lead to serious complications such
as liver damage and impaired blood flow to the liver.

|

Inaccurately Addressing the Question’s Educational Purpose:

Despite providing the correct answer, the explanation provided by
ChatGPT does not touch on the educational purpose of the
question which is to test the veins that connect to the umbilical
vein. Umbilical venous catheters pass through the umbilical vein,
left portal vein, ductus venosus, into the inferior vena cava. The
remainder of the answer choices are incorrect as they have no
anatomical connection to the umbilical vein.

C. Pulmonary embolism
D. Iliac vein aneurysms

Figure 1. Sample ChatGPT response demonstrating a correct answer with an answer rationale that does not accurately address the

educational content of the question.

statistical significance in this study. Microsoft Excel was used
for all analyses.

Results

There was a total of 318 text-based DXIT exam questions
between 2017 and 2021 that were included in our analysis.
The average question length was 242.01 £ 109.40 characters.
There were 29 (9.12%) neuroradiology questions, 18 (5.66%)
mammography questions, 89 (27.99%) general & physics
questions, 30 (9.43%) nuclear medicine questions, 16 (5.03%)
pediatric radiology questions, 26 (8.18%) interventional ra-
diology questions, 29 (9.12%) gastrointestinal radiology
questions, 11 (3.46%) genitourinary radiology questions, 16
(5.03%) cardiac radiology questions, 6 (1.89%) chest radi-
ology questions, 25 (7.86%) musculoskeletal radiology
questions, and 22 (6.92%) ultrasound questions. Table 1
outlines question characteristics, response characteristics,
and the accuracy of both chatbots separated by subspecialty.

Supplementary Table 1 shows sample responses by ChatGPT
and Bard for correct and incorrect responses.

ChatGPT answered more accurately than Bard (87.11% vs
70.44%, P < .0001). ChatGPT’s response length was shorter
than Bard’s (935.28 + 440.88 characters vs 1437.52 +
415.91 characters, P < .0001). ChatGPT’s response time was
longer than Bard’s (26.79 =+ 3.27 seconds vs 7.55 =+
1.88 seconds, P < .0001).

ChatGPT performed superiorly to Bard in neuroradiol-
ogy, (100.00% vs 86.21%, P = .03), general & physics
(85.39% vs 68.54%, P < .001), nuclear medicine (80.00%
vs 56.67%, P < .01), pediatric radiology (93.75% vs
68.75%, P =.03), and ultrasound (100.00% vs 63.64%, P <
.001). In the remaining subspecialties, there were no dif-
ferences between the chatbots. In each subspecialty-specific
analysis, ChatGPT’s response length was shorter, and its
response time was longer (Table 1).

32 questions (10%) were randomly selected for closer
analysis by 2 staff radiologists. This analysis revealed that
both chatbot responses for these questions did not contain
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hallucinations or fabrications. 19% of ChatGPT’s responses
contained illogical and/or incorrect answer rationales. 6% of
ChatGPT’s responses did not accurately address the educa-
tional content of the question. An example is provided in
Figure 1. 38% of Bard’s responses contained illogical and/or
incorrect answer rationales. 9% of Bard’s responses did not
accurately address the educational content of the question.

Discussion

Overall, ChatGPT performed superiorly to Bard in responding
to DXIT exam questions. There were several differences
between these chatbots in their accuracy and response char-
acteristics. Both chatbots consistently provided explanations
for their responses, although this was the case regardless of
whether the answer was correct or incorrect. Bard generally
provided lengthier responses, but answered quicker, possibly
due to lower rates of usage currently. While performance
varied for both chatbots across subspecialties, a similar trend
to the primary analysis was established, with ChatGPT per-
forming superiorly. Possibly, ChatGPT-4 performed superi-
orly to Bard as there is variation in their respective training
data as well as the strength of their models in answering
medical questions. Recently published studies suggest that
ChatGPT outperforms Bard in answering lung cancer ques-
tions and neurosurgery oral boards preparation questions,
which is consistent with our analysis.”"'’

ChatGPT-4 and Bard both display reasonable radiology
knowledge. The role of Al in radiology spans many domains
including image interpretation, tumour staging, report gen-
eration, workflow improvements, medical writing, and
research.*'®'® However, at this stage, human input remains
vital in ensuring quality and optimal patient outcomes.'’
Although Al chatbots continue to be updated, with multi-
modal input anticipated to arrive later this year, currently, their
role is more limited. Specifically, Al chatbots’ primary role
currently is likely as a study tool for trainees or as an in-
formation resource for patients, and even then, their role may
be limited. As illustrated in Figure 1, a chatbot may provide
the correct answer, but the explanation may not appropriately
address the educational content of the question. Similarly, our
analysis of the quality of answers suggested that both chatbots
also occasionally provided illogical or incorrect answer ra-
tionales. This can be particularly deceptive for trainees or
patients who may be fooled by the confidence with which Al
chatbots communicate. As a result, the way in which trainees
are educated and assessed will also need to adapt.”*' Par-
ticularly, an increasingly large focus should be placed on
higher-level thinking questions as outlined in Bloom’s tax-
onomy.> It is also important to educate radiologists and ra-
diology trainees about the strengths and weaknesses of Al in
radiology, a topic that they are currently underexposed to.>****

There are drawbacks to Al chatbots and their potential role
in radiology. As mentioned previously, the rationale chatbots
provide for their answers can serve as a useful tool for trainees

and patients looking to gain knowledge, but a significant
downside arises when erroneous responses are justified with
confidence. Particularly, for a patient or trainee who does not
have the prerequisite knowledge or experience, it would be
easy to be led astray by the responses from these chatbots.
Particularly in a field such as radiology, and more broadly
medicine, the dangers of inaccuracy can be devastating.
Furthermore, ChatGPT and Bard are designed to provide
unique responses, even to the same prompts, suggesting that
there may be times when questions may be answered correctly
or incorrectly depending on the content of previous conver-
sations with the chatbot. Al chatbots also have a tendency to
make assumptions when insufficient information is provided
which can have significant repercussions in the context of
medical care.”> Hallucinations, omissions, and errors have all
been documented with the use of ChatGPT.?**” Our analysis
of a subset of chatbot responses demonstrated that both
chatbots contain errors in their answer explanations and do not
always address the intended educational content of the
question, with Bard performing worse than ChatGPT. Without
a comprehensive understanding of the nuances and subtlety in
radiology, Al chatbots should be used with caution. Lastly,
thorough investigation into the safety and efficacy of Al
technology both prior to adoption and after adoption is vital. A
study by van Leeuwen et al. (2021) showed that of 100 Al
products, only 36 had peer-reviewed evidence regarding
efficacy.”®

Limitations of our study include the following. Only text-
based questions were included in our analysis which is not
reflective of radiology as a field that is inherently image
based. Further, this led to disproportionate subspecialty
representation. For example, there was an increased repre-
sentation of questions from the general & physics subsection
and decreased representation from the chest radiology
subsection. That being said, by focusing on text-based
questions, our study provides specific insights into Al
chatbots’ radiology knowledge, which is separate from in-
terpretation skills. In the future, multimodal input is antic-
ipated for both these chatbots, and a repeat assessment and
that point will provide important insights. Another limitation
of our study is that given the sample size, there may be
selection bias in the questions included in this study. A lack
of long-term evaluation of these chatbots precludes an un-
derstanding of the reliability, consistency, and potential
improvements of these chatbots. As the precise data used as
training input for ChatGPT and Bard is unknown, it is
possible that the publicly available dataset of DXIT ques-
tions we used may have been included in the chatbot training
process. In a separate project, we found that in some cases,
these chatbots cited the specific resource the question was
based on (ACR appropriateness criteria), but nevertheless,
still provided an incorrect answer.”’ On the other hand,
further improvements in chatbot performance may be pos-
sible if more radiology specific content is provided as part of
the training process in future updates to these models.
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In conclusion, our study highlights some key differences
between ChatGPT and Bard in radiology knowledge. Chatbot
assumptions, confidence in response explanations, and are
important factors to consider when choosing the optimal
chatbot. Furthermore, future investigations into direct com-
parisons between Al chatbot performance and radiologist or
radiology trainees’ performance would be useful. As Al
chatbots, and more broadly Al models, continue to develop
and learn, continual reassessment of their strengths, weakness,
and role in radiology is warranted.
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