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Abstract 
Aim. Subarachnoid haemorrhage (SAH) and intracranial aneurysms are critical neurological conditions with significant 

implications for patient morbidity and mortality. The intersection of readability indices and artificial intelligence (AI) is an 
emerging field that aims to improve the accessibility and understanding of written material in different areas. Readability 
indices, such as the Automated Readability Index (ARI) and the Flesch–Kincaid grade level, provide quantitative measures of 
text complexity that are crucial for tailoring content to specific audiences . Therefore, in this study, we aimed to examine the 
answers given to questions asked by patients with intracranial haemorrhage using readability indices. 

Materials and Methods. In this study, questions directly posed by patients and their relatives concerning subarachnoid 
haemorrhage and intracranial aneurysms were compiled. The collated questions were then divided into subcategories, 
including definition, diagnosis, treatment options, surgical procedures, complications, and impact on daily life.  Flesch 
Reading Ease (FRE) Formula, Fog Scale (Gunning FOG Formula), SMOG Index, Automated Readability Index (ARI), 

Coleman-Liau Index, Linsear Write Formula, Dale-Chall Readability Score, Spache Readability Formula. AI technologies 
were compared across groups. 

Results. The results indicate that for most readability indices, there is no statistically significant difference between the two 
models, with one notable exception;  Coleman-Liau Readability Index: Gemini: 10.59 ± 0.98 vs. ChatGPT: 11.80 ± 1.64; p-Value: 
0.014  The only exception is the Coleman-Liau Readability Index, where a statistically significant difference was found, with 
ChatGPT showing a slightly higher score, implying potentially greater complexity according to that specific measure. 

Conclusion. Our article provides valuable quantitative data on the readability of texts from ChatGPT and Gemini, its 
scope is narrow. A more comprehensive study would ideally include qualitative assessments, a broader range of text types, 
and detailed information on the methodology and model versions to provide a more holistic understanding of the models' 
performance. 
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Актуальность. Субарахноидальное кровоизлияние (САК) и внутричерепные аневризмы являются критическими 
неврологическими состояниями, имеющими значительные последствия для заболеваемости и смертности пациентов. 
Пересечение индексов читаемости и искусственного интеллекта (ИИ) является новой областью, направленной на 
улучшение доступности и понимания письменных материалов в различных областях. Индексы читаемости, такие как 
автоматический индекс читаемости (ARI) и уровень сложности текста по шкале Флеша-Кинкейда, предоставляют 
количественные показатели сложности текста, которые имеют решающее значение для адаптации контента к конкретной 
аудитории. Поэтому в данном исследовании мы поставили цель проанализировать ответы на вопросы, заданные 
пациентами с внутричерепным кровоизлиянием, с использованием индексов читаемости. 

Материалы и методы. В данном исследовании были собраны вопросы, непосредственно заданные пациентами 
и их родственниками, касающиеся субарахноидального кровоизлияния и внутричерепных аневризм. Затем 
собранные вопросы были разделены на подкатегории, включая определение, диагностику, варианты лечения, 
хирургические процедуры, осложнения и влияние на повседневную жизнь.  Формула читабельности Флеша (FRE), 
шкала Fog (формула Gunning FOG), индекс SMOG,  автоматический индекс читабельности (ARI), индекс Коулмана-
Ляу, формула Линсеара, шкала читабельности Дейла-Чалла, формула читабельности Спаче. Технологии 
искусственного интеллекта были сравнены между группами. 

Результаты. Результаты показывают, что для большинства индексов читаемости нет статистически значимой 
разницы между двумя моделями, за одним заметным исключением; Индекс читаемости Коулмана-Лиау: Gemini: 
10,59 ± 0,98 против ChatGPT: 11,80 ± 1,64; p-значение: 0,014  Единственным исключением является индекс 
читаемости Коулмана-Лиау, где была обнаружена статистически значимая разница: ChatGPT показал немного более 
высокий балл, что означает потенциально большую уровень сложности по этому конкретному показателю. 

Заключение. Наша статья предоставляет ценные количественные данные о читаемости текстов ChatGPT и 
Gemini, однако ее область применения ограничен. Более комплексное исследование в идеале должно включать 
качественную оценку, более широкий спектр типов текстов и подробную информацию о методологии и версиях 
моделей, чтобы обеспечить более целостное понимание производительности моделей. 

Ключевые слова: субарахноидальное кровоизлияние, внутричерепные аневризмы, индекс читаемости 
Коулмана-Ляу. 
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Мақсаты. Субарахноидты қан кету (SAH) және бас сүйек іші аневризмалары пациенттердің аурушаңдығы мен 
өліміне айтарлықтай әсер ететін маңызды неврологиялық жағдайлар болып табылады. Оқу және жасанды 
интеллект (AI) индекстерінің тоғысуы әртүрлі салалардағы жазбаша материалдардың қолжетімділігі мен түсінігін 
жақсартуға бағытталған жаңа сала болып табылады. Автоматты оқылым индексі (ARI) және Флэш-Кинкейд 
шкаласы бойынша мәтіннің күрделілік деңгейі сияқты оқылым индекстері мазмұнды белгілі бір аудиторияға 
бейімдеу үшін маңызды мәтіннің күрделілігінің сандық көрсеткіштерін ұсынады. Сондықтан, осы зерттеуде біз бас 
сүйек ішіне қан құйылумен  ауыратын науқастардың оқылым индекстерін қолдана отырып қойған сұрақтарына 
жауаптарды талдауды мақсат етіп қойдық. 

Материалдар мен әдістер. бұл зерттеуде пациенттер мен олардың туыстары субарахноидты қан кетуге және 
бас сүйек іші аневризмасына қатысты тікелей қойған сұрақтары жинақталды. Содан кейін жинақталған сұрақтар 
анықтау, диагностика, емдеу нұсқалары, хирургиялық процедуралар, асқынулар және күнделікті өмірге әсер ету 
сияқты кіші санаттарға бөлінді.  Флештің оқылым формуласы (FRE), Fog шкаласы (Gunning FOG формуласы), 
SMOG индексі, Автоматты оқылым индексі (ARI), Коулман-Ляу индексі, Линсеар формуласы, Дейл-Чаллдың оқылым 
шкаласы, Спаче оқылым формуласы. Жасанды интеллект технологиялары топтар арасында салыстырылды 
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Нәтижелер. Нәтижелер көптеген оқылым индекстері үшін екі модель арасында статистикалық маңызды 
айырмашылық жоқ екенін көрсетеді, тек бір ерекше жағдайды қоспағанда; Коулман-Лиаудың оқылу индексі: Gemini: 
10,59 ± 0,98 керісінше ChatGPT: 11,80 ± 1,64; p-мәні: 0,014 жалғыз ерекшелік-Коулман-Лиаудың оқылу индексі, онда 
статистикалық маңызды айырмашылық: ChatGPT сәл жоғары балл көрсетті, бұл нақты көрсеткіш бойынша 
күрделіліктің ықтималдылығының жоғары деңгейін білдіреді. 

Қорытынды. Біздің мақалада ChatGPT және Gemini мәтіндерінің оқылуы туралы құнды сандық мәліметтер 
келтірілген, бірақ оның қолдану аясы шектеулі. Неғұрлым жан-жақты зерттеу модельдердің өнімділігі туралы 
біртұтас түсінік беру үшін сапалы бағалауды, мәтін түрлерінің кең спектрін және модельдердің әдістемесі мен 
нұсқалары туралы егжей-тегжейлі ақпаратты қамту керек. 

Түйін сөздер: субарахноидты қан кету, бас сүйек іші аневризмалары, Коулман-Ляу оқу индексі. 
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Introduction 
Subarachnoid haemorrhage (SAH) and intracranial 

aneurysms are critical neurological conditions with 
significant implications for patient morbidity and mortality. 
SAH is primarily caused by the rupture of an aneurysm in 
the brain, leading to bleeding in the subarachnoid space [1]. 
This condition is associated with high mortality and disability 
rates, particularly in younger populations. Managing and 
treating SAH and intracranial aneurysms involves making 
complex clinical decisions and often requires a 
multidisciplinary approach [2]. Although SAH accounts for 
only a small percentage of all strokes, it has a 
disproportionate impact due to its high morbidity and 
mortality rates, particularly in younger individuals, with an 
average age of onset of 50–55 years [3]. 

Artificial intelligence (AI) has emerged as a 
transformative tool in the detection and management of 
these conditions. Early detection and intervention are 
critical for these conditions due to their high morbidity and 
mortality rates [4,5]. AI has been integrated into clinical 
workflows to support decision-making in the management of 
SAH. This includes predicting complications, optimising 
treatment strategies and reducing the time to intervention, 
all of which are crucial for improving survival rates [6]. The 
intersection of readability indices and artificial intelligence 
(AI) is an emerging field that aims to improve the 
accessibility and understanding of written material in 
different areas. Readability indices, such as the Automated 
Readability Index (ARI) and the Flesch–Kincaid grade level, 
provide quantitative measures of text complexity that are 
crucial for tailoring content to specific audiences [7]. 

Therefore, in this study, we aimed to examine the 
answers given to questions asked by patients with 
intracranial haemorrhage using readability indices. 

Metods. The present study did not require ethics 
committee approval as it did not involve any human or 
animal models. 

Data Collection and Preparation 
In this study, questions directly posed by patients and 

their relatives concerning subarachnoid haemorrhage and 
intracranial aneurysms were compiled. The questions 
presented herein were collated from a variety of online 
forums, neurosurgical websites, and the websites of 
relevant associations, hospitals and organisations. 

The collated questions were then divided into 
subcategories, including definition, diagnosis, treatment 
options, surgical procedures, complications, and impact on 
daily life. From each category, the twenty most frequently 
asked questions were selected for analysis. Prior to 
analysis, these selected questions were reviewed and 
corrected for grammatical and semantic accuracy. 

Response Generation by AI Models 
The prepared questions were submitted to the 

ChatGPT-5 and Gemini-2.5 Pro artificial intelligence models 
to generate responses. Prior to the formulation of the 
inquiries, both AI models were instructed to formulate their 
responses in a language appropriate for a general audience 
with no prior medical knowledge on the subject. The 
responses generated by the models were recorded. 

Readability Analysis and Statistical Evaluation 
The readability levels of the responses generated by the 

AI models were measured using the nine different standard 
formulas listed below: 

• Flesch Reading Ease (FRE) Formula: This formula 
calculates readability on a 100-point scale using sentence 
length and word syllables, where a higher score means the 
text is easier to understand [8]. 

• Flesch-Kincaid Grade Level (FKGL): This formula 
estimates the U.S. grade level required to comprehend a 
text by analyzing the average sentence length and syllables 
per word [9]. 

• Fog Scale (Gunning FOG Formula): The Gunning 
FOG Index estimates the years of formal education a 
person needs to understand a piece of writing upon first 
reading [10]. 

• SMOG Index: The SMOG Index determines the required 
years of education to understand a text by counting the number 
of words with three or more syllables [11]. 

• Automated Readability Index (ARI): The Automated 
Readability Index calculates the U.S. grade level of a text 
using character, word, and sentence counts, making it ideal 
for computer processing [12]. 

• Coleman-Liau Index: This computer-friendly formula 
estimates the U.S. grade level by measuring the average 
number of letters and sentences per 100 words [13]. 

• Linsear Write Formula: The Linsear Write Formula 
calculates a U.S. grade level, primarily for technical 
documents, by assigning different weights to "easy" and 
"hard" words within sentences [14]. 
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• Dale-Chall Readability Score: This score determines 
a text's grade level based on its percentage of "difficult" 
words, which are defined as words not found on a specific 
list of 3,000 common words [15]. 

• Spache Readability Formula: The Spache 
Readability Formula is specifically designed to assess the 
reading level of texts for young children in early elementary 
grades 1-3 [16] 

The scores obtained from all readability formulas were 
compiled. These scores were then subjected to a 
comparative and analytical statistical process using SPSS 
software. 

The readability of neurosurgical educational materials is 
a critical factor in ensuring effective patient education. A 
plethora of extant resources have been found to be 
incongruent with the recommended readability levels. This 
has the potential to impede patient comprehension and 
engagement. This issue assumes particular pertinence 
within the domain of neurosurgery, wherein the 
communication of intricate medical information necessitates 
effective accessibility. The integration of readability indices 
and advanced technologies, such as AI, has the potential to 
significantly enhance the quality of neurosurgical education 
materials. 

Statistical Analysis 
In our study, we analysed data from artificial intelligence 

models using SPSS version 27 (IBM Corp., USA). The data 
were classified according to type. Categorical data were 
defined as percentages and frequencies. The chi-squared 
test was used to compare these. Distribution analysis was 
used to describe numerical data. Data conforming to a 
normal distribution were expressed as the mean ± standard 
deviation and a t-test was applied. Data that did not 
conform to a normal distribution were expressed as the 
median, minimum and maximum, and non-parametric tests 
were applied to them. Data with a p-value below 0.05 were 
considered significant. 

Results 
Our study presents a comparison of readability scores 

between ChatGPT and Gemini, utilizing various readability 
formulas. The results indicate that for most readability indices, 
there is no statistically significant difference between the two 
models, with one notable exception ARI (Automated 
Readability Index) Gemini: 10.05 ± 1.16 vs ChatGPT: 10.43 
± 1.81, p-Value: 0.327; Flesch Reading Ease: Gemini: 56.81 
± 7.13 vs. ChatGPT: 50.31 ± 14.04, p-Value: 0.114 Fog 
Scale (Gunning FOG Formula)  Gemini: 0.76 ± 1.10 vs. 
ChatGPT: 10.95 ± 2.32, p-Value: 0.947; Flesch-Kincaid 
Grade Level Geini: 9.36 ± 1.16 vs. ChatGPT: 9.59 ± 1.68, p-
Value: 0.718; Coleman-Liau Readability Index: Gemini: 10.59 
± 0.98 vs. ChatGPT: 11.80 ± 1.64; p-Value: 0.014  In 
summary, the results indicate that for most readability 
metrics, there is no significant difference in the readability of 
texts generated by Gemini and ChatGPT. The only exception 
is the Coleman-Liau Readability Index, where a statistically 
significant difference was found, with ChatGPT showing a 
slightly higher score, implying potentially greater complexity 
according to that specific measure. 

Discussion 
It is evident that the levels of readability are elevated. 

Research has indicated that a significant proportion of 
neurosurgical educational materials are written at a level that 

exceeds the recommended reading grade level for the 
general public [17]. For instance, the American Society of 
Neuroradiology's resources are written at an average grade 
level of 13.9, far above the range of 3 to 7 recommended by 
the National Institutes of Health and the American Medical 
Association [18]. Moreover, online patient education materials 
concerning neurointerventional procedures frequently exhibit 
a comprehension level commensurate with that of 10th to 
11th-grade students, with some necessitating college-level 
cognitive abilities [19]. Complexity of Content: The complexity 
of neurosurgical procedures and conditions contributes to the 
high readability scores. For instance, the American 
Association of Neurological Surgeons (AANS) and other 
prominent organisations have materials that are frequently at 
a postgraduate readability level [20]. This inherent complexity 
can act as an impediment to the effective dissemination of 
patient education information, as many patients may lack the 
requisite literacy skills to comprehend the material in its 
entirety [21]. 

AI-Generated Summaries: The utilisation of artificial 
intelligence (AI), exemplified by ChatGPT, has demonstrated 
potential in the generation of more accessible summaries of 
neurosurgical literature. Research has indicated that AI-
generated summaries exhibit considerably diminished 
readability scores in comparison to original abstracts, thereby 
rendering them more accessible to non-specialists. To 
illustrate this point, one may consider the finding that GPT-4-
generated summaries have a Flesch-Kincaid reading grade 
of 7.70, in comparison to 12.55 for original abstracts [22]. This 
finding indicates that artificial intelligence (AI) has the 
potential to enhance the clarity and accessibility of 
neurosurgical educational materials [23]. The following 
indices of readability are employed: A variety of readability 
indices, including the Flesch-Kincaid Grade Level, Gunning 
Fog Index, and Simple Measure of Gobbledygook (SMOG) 
index, are employed to evaluate the readability of educational 
materials. These indices provide a quantitative measure of 
the reading difficulty, which can guide the development of 
more accessible content .The utilization of these indices by 
organisations facilitates the alignment of materials with 
recommended readability levels [24]. 

The readability indices frequently employed in the field 
are predicated on mathematical formulae that incorporate 
linguistic features such as word and sentence length. For 
instance, the Automated Readability Index (ARI) employs 
the calculation of average word length and sentence length 
to derive readability scores, which demonstrate a high 
degree of correlation with other indices [25]. The Flesch 
Reading Ease (FRE) scale is a widely utilized metric for 
assessing the readability of texts. Higher scores on this 
scale are indicative of texts that are more easily readable. 
The utilization of this approach has been demonstrated to 
be effective in a variety of contexts, including the design of 
prompts for oral proficiency assessments [26]. 

It is evident that certain indices, such as the one proposed 
by Matricciani, take into account cognitive aspects such as 
short-term memory capacity, an aspect which is often 
overlooked by traditional indices [27]. In the context of 
educational settings, readability indices have been shown to 
facilitate the alignment of written materials with students' 
reading abilities, thereby ensuring that the materials do not 
present an excessively facile or overly challenging level of 
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difficulty. This is of critical importance for the development of 
language and comprehension [28]. In the domain of health 
communication, the term "readability indices" is employed to 
denote the instruments utilized for the assessment of the clarity 
of online health-related information. For instance, during the 
course of the pandemic, it was demonstrated that a significant 
proportion of online resources were found to exceed the 
recommended sixth-grade reading level, which may have 
hindered public understanding [16-20]. Notwithstanding their 
practical applications, readability indices are subject to certain 
constraints. It is evident that these models frequently neglect to 
consider the semantic and contextual subtleties inherent within 
a text, a factor which has the potential to compromise 
comprehension [29]. It is important to note that the indices may 
not fully capture the complexity of texts in different languages or 
cultural contexts. To illustrate, a system developed for the 
purpose of Italian readability assessment offers a more intuitive 
understanding by comparing text difficulty to educational levels 
[11-14]. In summary, the results indicate that for most 
readability metrics, there is no significant difference in the 
readability of texts generated by Gemini and ChatGPT. The 
only exception is the Coleman-Liau Readability Index, where a 
statistically significant difference was found, with ChatGPT 
showing a slightly higher score, implying potentially greater 
complexity according to that specific measure. The provided 
document primarily focuses on presenting the comparative 
readability scores between ChatGPT and Gemini. It does not 
explicitly detail the limitations of the study. However, based on 
the information presented, several potential limitations can be 
inferred: 

The study relies entirely on quantitative readability 
metrics. A qualitative assessment, involving human 
evaluators, could provide deeper insights into how 
understandable, engaging, or natural the texts generated by 
each model truly are, which might not be fully captured by 
formulaic scores. While the table indicates n=40 for both 
Gemini and ChatGPT, the paper does not specify how 
these samples were generated (e.g., what prompts were 
used, what topics were covered, or the length of the texts). 
A limited or homogenous sample of generated texts might 
not fully represent the models' capabilities across a wide 
range of applications or user queries. M Readability 
formulas, by their nature, are statistical approximations 
based on word and sentence characteristics (e.g., syllable 
count, word length, sentence length). They do not account 
for semantic complexity, context, or prior knowledge of the 
reader, which can significantly impact actual 
comprehension. Therefore, relying solely on these formulas 
might not provide a complete picture of true readability. The 
specific versions of ChatGPT and Gemini used for the study 
are not mentioned. Large language models are constantly 
evolving, and results obtained from older versions might not 
be representative of their current capabilities. 

In conclusion, while the paper provides valuable 
quantitative data on the readability of texts from ChatGPT 
and Gemini, its scope is narrow. A more comprehensive 
study would ideally include qualitative assessments, a 
broader range of text types, and detailed information on the 
methodology and model versions to provide a more holistic 
understanding of the models' performance. 

Table 1.  
Comparison of CHATGPT vs GEMINI in terms of readability scores. 

 GEMINI CHAT –GPT p-Value 

ARI 10.05±1.16 10.43±1.81 0.327 

Flesch Reading Ease 56.81±7.13 50.31±14.04 0.114 

Fog Scale (Gunning FOG Formula) 10.76 ±1.10 10.95±2.32 0.947 

Flesch-Kincaid Grade Level 9.36±1.16 9.59±1.68 0.718 

Coleman-Liau Readability Index 10.59±0.98 11.80± 1.64 0.014 

The SMOG Index 9.11±0.99 8.81±1.63 0.547 

Linsear Write Formula 71.68±3.32 7016±3.36 0.446 

Dale‑Chall Readability Score 8.28±0.58 8.24±0.84 0.925 

Spache Readability Formula 6.37±0.46 6.37±0.49 0.738 
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