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Abstract

Background: Interpreting histopathology slides and scientific figures requires specialized skills and knowledge. Pathologists
analyze various tissues and cells, while the general population often struggles with the technical information in scientific figures.
Artificial intelligence-based large language models (Al-LLMs) can simplify these processes by providing clearer explanations.

Objective: This study explores the capabilities Al-LLMs in interpreting histopathology slides and scientific figures. The
objective isto assess the value of Al LLMsin medical applications and scientific education.

Methods: The study was divided into two parts. interpreting histopathology dides and scientific figures. Six histopathology
images and six scientific figures were tested on each of the three most frequently used chatbots (ChatGPT-4, Gemini Advanced,
and Copilot). Responses from the chatbots were coded and blindly examined by expert raters using five parameters—relevance,
clarity, depth, focus, and coherence—on a 5-point Likert scale. Statistical analysisincluded one-way ANOVA and multiple linear
regression.

Results: ChatGPT-4 outperformed Gemini Adv and Copilot in both histopathology and scientific image interpretation, with
significantly higher scores across all parameters (P<.001). High homogeneity among raters validated these findings. ChatGPT-4's
superior performance may be due to its advanced algorithms, extensive training data, specialized modules, and user feedback.

Conclusions: ChatGPT-4 excels in interpreting histopathology and scientific images, which may lead to improving diagnostic
accuracy, clinical decision-making, and reducing pathologists workload. It also benefits education by enhancing students
understanding of complex images and promoting interactive learning. ChatGPT-4 shows a significant potential to improve
patient care and enrich student learning.
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Abstract
Background: Interpreting histopathology slides and scientific figures requires specialized skills and
knowledge. Pathologists analyze various tissues and cells, while the general population often
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struggles with the technical information in scientific figures. Artificial intelligence-based large
language models (Al-LLMs) can simplify these processes by providing clearer explanations.

Objectives: This study explores the capabilities Al-LLMs in interpreting histopathology slides and
scientific figures. The objective is to assess the value of Al LLMs in medical applications and scientific
education.

Methods: The study was divided into two parts: interpreting histopathology slides and scientific
figures. Six histopathology images and six scientific figures were tested on each of the three most
frequently used chatbots (ChatGPT-4, Gemini Advanced, and Copilot). Responses from the chatbots
were coded and blindly examined by expert raters using five parameters—relevance, clarity, depth,
focus, and coherence—on a 5-point Likert scale. Statistical analysis included one-way ANOVA and
multiple linear regression.

Results: ChatGPT-4 outperformed Gemini Adv and Copilot in both histopathology and scientific
image interpretation, with significantly higher scores across all parameters (P<.001). High
homogeneity among raters validated these findings. ChatGPT-4's superior performance may be due
to its advanced algorithms, extensive training data, specialized modules, and user feedback.

Conclusions: ChatGPT-4 excels in interpreting histopathology and scientific images, which may lead
to improving diagnostic accuracy, clinical decision-making, and reducing pathologists' workload. It
also benefits education by enhancing students' understanding of complex images and promoting
interactive learning. ChatGPT-4 shows a significant potential to improve patient care and enrich
student learning.

Keywords: Al-LLM, Artificial Intelligence, Large language model, Histopathological Image, Scientific
Figure, ChatGPT, Gemini, Copilot, medical diagnostics

Introduction

The integration of artificial intelligence (AI) technology into the daily routines and professional

workflows of oncologists is steadily increasing. To effectively incorporate Al into clinical practice, it

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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is crucial to understand the processes involved in the development, validation, and continuous
improvement of these technologies.

Interpreting histopathology slides is a complex process that requires specialized skills and in-depth
experience. In this process, the pathologist must be able to identify and analyze the different types of
tissues and cells present in the slide. Each type of tissue and cell has unique morphological
characteristics, which require an in-depth understanding of anatomy and pathology[1, 2]. Along the
same lines, interpreting scientific figures published in scientific journals or textbooks can also be
challenging for students and laypeople. These figures often contain highly technical and complex
information, such as cellular biological mechanisms, mechanisms of tumor development, or cell
death pathways, which require a deep understanding of the relevant disciplines[3]. This difficulty is
compounded by using specialized terminology and unfamiliar symbols, which can confuse and
hinder proper understanding. Without an academic background or experience in these fields, students
and laypeople may struggle to understand the context and meaning of these images.

To overcome these challenges, AI-LLM can offer significant assistance. With the ability to
understand and analyze language and images, AI-LLM can provide simpler and more accessible
explanations of complex scientific figures. Al can identify key elements in an image, translate them
into easy-to-understand language, and provide an explanation[4, 5]. Moreover, AI-LLM can offer
interactive assistance, where users can ask specific questions and receive relevant answers and
feedback, enhancing understanding and making scientific information more accessible to students
and the public.

In this study, we will investigate ChatGPT4, Gemini Advanced, and Copilot's ability to interpret
histopathology slides and illustrative scientific figures. It discusses the potential of Al LLM's impact
in enhancing the accessibility of medical and scientific material to a wider audience. As the amount
of visual data used in medical diagnostics and scientific research grows, the capacity to efficiently
understand and transmit this information becomes increasingly important. We anticipate that our
research will demonstrate how AI-LLM technology can be a valuable tool in assisting specialists in
the medical and scientific fields as well as individuals without specialized backgrounds to interpret
complex material. This study may help bridge the knowledge gap and open up new opportunities for

using Al in different research fields.

Methods
Ethics
Our study was exempt from ethics committee approval because no patients received treatment or

intervention, and no information could be linked to a specific patient.
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Materials

We used three Al-based chatbots in this study: ChatGPT-4 (https://chatgpt.com/), Gemini Advanced
(https://gemini.google.com/app), and Copilot (https://www.bing.com/). The histopathology images
used in part.1 of this study have been approved by the Department of Anatomical Pathology and
the Department of Anatomy, Histology and Pharmacology, Faculty of Medicine, Universitas
Airlangga, Surabaya, Indonesia. The 5 scientific figures used in part.2 are taken from published
articles [6-11], which are open to use according to the publishing license.

Study Design

This study was divided into two parts: 1. Histopathology figures interpretation and 2. Scientific
figures interpretation. We are testing three Al-LLMs (hereinafter referred to as chatbots): ChatGPT-4
(hereinafter referred to as CG-4), Gemini Advance (hereinafter referred to as GemAdv), and Copilot
with various figures (Fig. 1).

In the first part, we will provide 6 figures of histopathology slides consisting of three normal tissue
figures (peripheral nerves, kidney, and bone) and three ovarian neoplastic tissue figures (Fig. 2A).
Each image will be given a code prompt, and then tested on each chatbot (Supp. 1).

In the second part, we will provide 6 scientific figures (Fig. 2B) consisting of 1)“The role of B7H3
regulating glucose metabolism”[6], 2)“HSF1 plays an important role in tumor cell survival, poor
prognosis, and metastasis through several mechanisms”[7], 3)“Carboplatin, HSF1 and
Autophagy”[8], 4)” The heat shock response and the regulator of HSF1”[9], 5)” Mechanisms of
MST4 induced tumor progression and treatment resistance”[10], and 6)” Three hallmarks of
ferroptosis”[11]. Each image will be assigned a code prompt and examined with each chatbot (Supp.
2) (Fig. 1).

The interpretations were promptly recorded into a database, coded, and blindly reviewed by a rater
team (4 experts in histopathology in part 1 and 4 lab members who usually work in the field of
biomedical science in part 2). To eliminate bias, the Al chatbot responses were coded and
randomized before being scored by the raters. The raters evaluated the responses without knowing
which came from the chatbot. To analyze the output of the chatbots, we used 5 parameters
including "relevance", "clarity", "depth", "focus", and "coherence" [12-15] with a 5-point Likert scale

(Tab. 1) [16-18].

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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Statistical analysis

We investigated the performance of three chatbots in interpreting images. For the evaluation of five
parameters, the scores for the five parameters were categorized as follows: 1-2, 3, and 4-5 were
classified as "poor," "fair," and "good," respectively [18]. To enhance the interpretability of
responses[19-22], the 5-point Likert scale ratings were linearly converted to a 0-100 scale, with
higher scores representing superior performance. To assess the consistency among different raters,
we reported Pearson and Spearman correlation coefficients for all ratings and employed a one-way

ANOVA test with Scheffe’s post hoc analysis to examine differences in total scores across raters. The

Figure Interpretation
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Figure 1. Workflow of image interpretation by chatbots. 6 histopathology and 6
scientific images were tested on each chatbot (CG-4, GemAdv, and Copilot). The
interpretation of each chatbot will be coded and randomized to avoid bias. Raters will
evaluate all answers, and then statistical analysis will be done.

presence of high inter-rater consistency enhances the generalizability of the evaluation results. To
compare the interpretative abilities of three chatbots regarding histopathology images or scientific
illustrations, a one-way ANOVA test with Scheffe’s post hoc analysis was employed. Furthermore, to
reduce the confounding impact of evaluator subjectivity and the complexity of images, multiple
linear regression models were utilized. All statistical analyses were performed using the SAS

software (Version 9.4, SAS Institute, Cary, NC, USA), with a significance level set at 0.05.
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Results
CG-4 surpasses GemAdv and Copilot in providing histopathology image interpretation
Recently, advanced software tools and platforms in digital pathology have emerged to assist

pathologists in analyzing histopathological images and making diagnoses [23]. However, not all
pathologists, especially those in less developed countries/regions, have access to these smart
pathology Al technologies. Therefore, it is crucial to evaluate the value of publicly accessible Al
chatbots for interpreting histopathology images. To evaluate the capacities of the chatbots for
histopathology image interpretation, 6 histopathology images were tested on each chatbot. The
image interpretations by the chatbots were coded and blindly evaluated by four board-certified
pathologists (raters). To validate our results, we used three statistical methods to analyze the
homogeneity of the raters' rating scores. We found that most raters showed correlation coefficients
between 0.82-0.90 by the Pearson test (Fig. 3A), and values between 0.77-0.87 by the Spearman
test (Fig. 3B). Furthermore, a one-way ANOVA test with Scheffe’s post hoc analysis also showed no
significant variation neither (Fig. 3C). All these results indicate that the raters’ scores are highly
homogenous, indicating that the scoring process is reliable. To assess the quality of the image
interpretations by the chatbots, we analyzed the scores of the chatbots in the five individual
parameters. Overall, among the three chatbots, CG-4 scored higher than GemAdv and Copilot (Fig.
3D) by a significant (P<.001), suggesting that CG-4 provides better interpretations in providing

histopathology explanation (Fig. 3E).
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Figure 2. A. Histopathology Slides, consisting of 1) peripheral nerves; 2) kidney; 3)
bone; 4) ovarian cancer, endometrioid grade-I; 5) ovarian cancer, endometrioid grade-Ill;
and 6) serous borderline ovarian tumor with implantation.

B. lllustrative scientific figures, consisting of 1) The role of B7H3 regulating glucose
metabolism; 2) HSF1 plays an important role in tumor cell survival, poor prognosis, and
metastasis through several mechanisms; 3) Carboplatin, HSF1 and Autophagy; 4) The heat
shock response and the regulator of HSF1; 5)Mechanisms of MST4 induced tumor
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Table 1. Assessment parameters and scoring

Assessment Definition
Parameters
Relevance The response is closely related or appropriate to the issue at hand
Clarity Clear, easy to understand, free from ambiguity, and transparent
Depth The answer provides detailed and specific information, not just a general
or surface answer
Focus Contains the main points or keywords expected
Coherence All parts of the answer work together in a logical and structured way,
with no conflicting parts
Scoring Scale Definition
1 = Very Poor The answer does not fulfil the basic criteria, is highly irrelevant, or has
no effort is evident
2 = Poor The answer fulfils very few of the expected criteria, with many basic
errors
3 = Average The answer fulfils the basic criteria but does not show more effort or
understanding than expected
4 = Good The answer fulfils all the basic criteria well and shows some aspects that

are more than expected
5 = Outstanding A perfect answer of flawless quality, showing exceptional understanding
and complete mastery of the material

CG-4 can provide superior scientific figure interpretation than GemAdv or Copilot

Understanding the figures in scientific papers and textbooks is essential for grasping the key points
in the articles, so it is crucial to comprehend them. Next, we tested 6 scientific figures from scientific
journals on the 3 chatbots (CG-4, GemAdyv, and Copilot). The image interpretations by the chatbots
were coded and blindly evaluated by four researchers with intensive training in the fields that are
related to scientific figures. To validate our results, we analyzed the rater’s scoring homogeneity as
aforementioned. We found that most raters showed correlation coefficients between 0.33-0.65
using the Pearson test (Fig. 4A), and values of 0.24-0.72 using the Spearman test (Fig. 4B).
Moreover, we used a one-way ANOVA test with Scheffe's post hoc analysis to assess the raters’
scoring homogeneity (Fig. 4C). The analyses show that there are no significant statistical variations
among these raters, which supports the reliability of our results.

To determine the chatbot that provided the most effective responses, we analyzed the scores of three
different chatbots across five parameters. Our findings revealed that CG-4 achieved a significantly
higher score than both GemAdv and Copilot (Fig. 4D) by a substantial margin (P<.001). This
indicates that CG-4 excels in providing in-depth and coherent explanations of scientific figures.
Notably, CG-4 demonstrated superior performance in every aspect, with varying levels of

significance. Specifically, it outperformed in Focus and Depth (P<.001), Clarity and Coherence

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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(P<.01), and Relevance (P<.05) (Fig. 4E), demonstrating its overall strength across various

important factors.

Discussion

In this study, significant differences were found in the ability of the three AI-LLMs (ChatGPT-4,
Gemini Advanced, and Copilot) to interpret histopathology and scientific figures. CG-4 performed
significantly better than GemAdv and Copilot in the first part of the study, which focused on
histopathology image interpretation. This was evident from higher average scores on five evaluation
parameters, namely "relevance", "clarity", "depth", "focus", and "coherence". The notable variation
is probably a result of the CG-4 model being more advanced and well-versed in medical image
analysis than the other two AI-LLMs. This conclusion is further supported by the raters' high
consensus, showing agreement among the experts in their assessments.

In the second part of the study, CG-4 showed higher proficiency in analyzing scientific figures
sourced from academic journals. Despite the lower homogeneity among raters for scoring the
interpretation of the scientific figures compared to histopathology images, CG-4 outperformed other
chatbots. CG-4's performance showed superiority in all evaluation parameters, with varying levels of
significance. This shows that CG-4's ability to understand and convey complex information in
scientific images is better than its competitors.

Possible factors that might cause the difference in results between these three AI-LLMs are A)
Algorithm and Model Architecture[24]: CG-4 may have used more sophisticated algorithms and
model architectures trained on more diverse and specific data, thus providing more accurate and in-
depth interpretations. B) Training Data[25, 26]: CG-4 may be trained with larger and more diverse
datasets, including histopathology data and scientific images, giving the model a better
understanding of different types of images and their context. C) Focus on Medical and Scientific[27]:
CG-4 may have components or modules specifically developed for medical and scientific
applications, allowing the model to provide more focused and relevant interpretations in these
domains. D) User Experience[28]: The wider use of CG-4 and more user feedback may also
contribute to the improved performance of this model compared to GemAdv and Copilot.

The participation of histopathology experts and researchers as the rating team in this study had a
positive impact and added objectivity. Both groups of raters showed moderate to high homogeneity
and consistency, indicating they had similar assessments and perceptions of the interpretations
provided by the three AI-LLMs. Additionally, we utilized the five standardized scoring parameters to

evaluate the chatbots' responses. Our previous research has demonstrated that this approach

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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comprehensively evaluates correct and accurate responses [18].

Implications of AI-LLM for patient care

The incorporation of Al technology into the professional practices of oncologists is progressively
advancing. A thorough understanding of the methodologies underlying the design, validation, and
ongoing optimization of these technologies is essential for their effective integration into clinical
practice. Our findings indicate that CG-4 has strong abilities in interpreting histopathology images,
which could lead to important benefits for patient care. First, CG-4 can help pathologists make more
accurate diagnoses by better identifying and analyzing tissue and cell structures on histopathology
slides. This can lower the chances of misdiagnosis and improve overall diagnostic accuracy.
Additionally, CG-4’s ability to provide quick and accurate interpretations shortens the time needed

for diagnosis, which is especially valuable when fast decisions are needed.

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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Figure 3. CG-4 surpasses GemAdv and Copilot in providing histopathology image
interpretation. Pearson test (A) and Spearman test (B) showed high homogeneity among
raters, respectively 0.82-0.90 & 0.77-0.87. One-way ANOVA test with Scheffe's post hoc
analysis showed no significant differences among the raters in giving assessments (C). CG-4
scores significantly better than the other two AI-LLMs in providing histopathology image
interpretation (D). The 5 parameters used for interpretation quality assessment show CG-

4's superiority significantly (E).
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Figure 5. CG-4 can provide superior scientific figure interpretation. Pearson test (A) and
Spearman test (B) showed moderate-high homogeneity among raters, respectively 0.33-
0.65 & 0.24-0.72. One-way ANOVA test with Scheffe's post hoc analysis showed no
significant differences among the raters in giving assessments (C). CG-4 scores significantly
better than the other two AI-LLMs in providing scientific image interpretation (D). CG-4
convincingly outperformed in 5 assessment parameters with varying significance. Depth
and Focus (P<.001); Clarity and Coherence (P<.01); and relevance (P<.05), respectively (E).
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CG-4 can significantly support pathologists and medical teams by enhancing clinical decision-
making and reducing workload. By providing relevant and in-depth information, CG-4 enables
pathologists to make better clinical decisions based on accurate data. Additionally, the use of Al-
LLMs can reduce the workload of pathologists, allowing them to concentrate on more complex cases
that require greater human intervention. Furthermore, CG-4 can improve diagnostic accessibility in
remote areas and regions with a shortage of specialist pathologists. In such areas, CG-4 can be an
invaluable tool, assisting local medical personnel in making initial diagnoses and offering treatment

recommendations.

Impact of AI-LLM on Student Learning of Complex Scientific Figures

The study indicates that CG-4 excels in interpreting scientific figures compared to the other two Al-
LLMs, which has several important implications for student learning. CG-4 can enhance students'
understanding of complex scientific images by providing clearer, more relevant, and in-depth
explanations, thereby facilitating the learning process and improving their comprehension of the
material. Additionally, CG-4 promotes learning interactivity, allowing students to engage directly
with the Al, ask specific questions, and receive relevant answers, which supports their active and
independent learning efforts.

CG-4 also contributes to the development of analytical skills among students by offering
opportunities for data analysis exercises and immediate feedback. Students can independently
analyze scientific figure data and then verify their results with CG-4, thereby honing their critical
analytical skills in the scientific field. The AI provides immediate feedback, helping students identify
strengths and weaknesses in their interpretations and guiding them toward skill improvement.
Additionally, CG-4 broadens access to learning resources by providing explanations and
interpretations of scientific images from various sources that might have been previously
inaccessible. This enhances opportunities for broader and deeper learning. Lecturers and researchers
can also utilize CG-4 as a teaching and research tool, offering additional explanations that students or

research participants may require.

Conclusion

The research delves into examining Al-LLMs for interpreting histopathology slides and scientific figures.
The result highlights the powerful capabilities of CG-4 in interpreting both histopathology and
scientific figures compared to GemAdv and Copilot. CG-4's advanced performance is evident

through higher scores across various evaluation parameters, demonstrating its ability to provide

https://preprints.jmir.org/preprint/67270 [unpublished, non-peer-reviewed preprint]
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more accurate, clear, in-depth, focused, and coherent interpretations. The high homogeneity among
expert raters further validates these findings.

Several factors likely contribute to CG-4's enhanced performance, including its sophisticated
algorithms, diverse and extensive training data, specialized modules for medical and scientific
applications, and extensive user feedback. These attributes enable CG-4 to support pathologists and
medical teams effectively by improving diagnostic accuracy, reducing the risk of misdiagnosis,
enhancing clinical decision-making, and reducing workload. Moreover, CG-4 can provide crucial
diagnostic support in remote areas lacking specialist pathologists.

In the educational context, CG-4 offers significant benefits for student learning by enhancing
understanding of complex scientific images, promoting interactive learning, and developing
analytical skills. It broadens access to learning resources and serves as a valuable tool for lecturers
and researchers. Overall, the study underscores the potential of Al-based chatbots to improve
patient care through accurate and efficient diagnosis and to enrich student learning in scientific

disciplines, making complex information more accessible and understandable.
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