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A B S T R A C T

Background: Despite the increasing use of artificial intelligence (AI) platforms in healthcare communication, their 
efficacy in producing patient-facing materials for pediatric surgeries is still unexplored. The readability, un
derstandability, and actionability of postoperative instructions generated by three AI platforms (ChatGPT, 
Gemini, and DeepSeek) for common pediatric otorhinolaryngology (ORL) surgeries were compared in this study.
Methods: Postoperative instructions were generated from each AI platform using a standardized prompt. Read
ability was assessed using the Flesch-Kincaid Reading Ease (FKRE) and Grade Level (FKGL). Understandability 
and actionability were evaluated using the Patient Education Materials Assessment Tool for Printable Materials 
(PEMAT-P). Comparative statistical analyses and Pearson correlation coefficients were calculated.
Results: ChatGPT showed the highest readability with FKRE 64.57 (±7.20) and the lowest FKGL 7.40 (±1.54), 
significantly outperforming others in FKRE (p = 0.030). The Gemini had the highest understandability (83.20% 
± 1.56; p = 0.027), while the DeepSeek led in actionability (71.10% ± 3.81; p = 0.140). No AI platform met all 
the adequacy thresholds (FKGL <6, FKRE >60, PEMAT-P > 80%) at one time. Across the procedures, the dif
ferences in the readability, understandability, and the actionability were not statistically significant (all p > 0.5). 
The correlation analysis showed that there is significant inverse relationships of FKRE with FKGL (r = − 0.711, p 
= 0.032) and FKRE with understandability (r = − 0.669, p = 0.049). The actionability was not significantly 
correlated with any metric.
Conclusion: Although each AI platform shown strengths in some domains, none consistently fulfilled the criteria 
for optimal patient education. These findings underscore the necessity for enhanced AI training utilizing pedi
atric and caregiver-specific data to improve the quality of postoperative guidance in pediatric ORL care.

1. Introduction

Artificial intelligence (AI) has swiftly become a transformative in
strument in healthcare, with increasing applications in clinical decision 
support, diagnostics, and patient communication [1]. One of its most 
promising functions is the creation of patient education materials, 
including post-operative instructions customized to specific procedures 
and literacy levels [2]. In pediatric otorhinolaryngology (ORL), where 
efficient communication with caregivers is crucial for adherence and 

recovery, AI-driven systems can markedly enhance the clarity, accessi
bility, and actionability of post operative instructions. The rapid 
advancement of publicly accessible AI tools in recent years has created a 
distinctive situation for both physicians and patients. Since its public 
launch in 2022, the AI platform ChatGPT (OpenAI; San Francisco, CA) 
has garnered attention for its capacity to assist physicians in patient care 
and therapy, enhance clinical research, and aid patients in compre
hending their health issues [3]. In 2023, Google Gemini (previously 
known as Bard) (Alphabet, Mountain View, California, USA) was made 
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available to the public. This was then followed by the release of Deep
Seek (DeepSeek AI; Hangzhou, China) in December 2024. These large 
language models (LLMs) have demonstrated potential in generating 
comprehensible educational materials and clarifying medical terminol
ogy, which might be utilized to create precise, patient-specific in
structions for families and caregivers [4,5]. Limited research has been 
conducted on the comparative efficacy of these LLMs in pediatric sur
gical settings, despite their widespread use. Pediatric ORL procedures, 
including tonsillectomy, adenoidectomy, and myringotomy with venti
lation tube insertion, are among the most frequently performed pediatric 
surgeries [6]. Frequently, these procedures necessitate at-home post
operative care that is overseen by parents or caregivers, many of whom 
possess varying degrees of health literacy. Research underscores the 
significance of postoperative instructions that are culturally sensitive, 
simple to navigate, and written in plain language in order to enhance 
caregiver satisfaction and mitigate complications [7,8]. We conducted a 
comparative analysis between ChatGPT, Gemini, and DeepSeek to 
evaluate their accuracy in providing postoperative instructions for 
tonsillectomy, adenoidectomy, and myringotomy with ventilation tube 
insertion.

2. Methods

This was an observational IRB-exempt study as no patient informa
tion was involved. Postoperative instructions on the aforementioned 
common pediatric ORL procedures were generated using the most recent 
publicly available versions of each AI platform in May 2025: ChatGPT- 
4o (OpenAI; San Francisco, CA), Gemini 2.0 Flash (Alphabet, Moun
tain View, California, USA), and DeepSeek-V3 (DeepSeek AI; Hangzhou, 
China). All platforms were accessed through their standard web-based 
interfaces without the use of premium customization or fine-tuning 
features. The following prompt was independently entered into each 
AI platform: “Please write postoperative instructions for a parent whose 
child just underwent (Pediatric ORL procedure)”. Since these LLMs used 
are based on a probabilistic algorithm that can give different answers to 
each question, each question was asked once, and the first answer was 
recorded. All questions were typed on the same day using a single ac
count. All prompts were in English, and the responses were evaluated in 
English.

The readability of each response was assessed using two measures of 
readability, the Flesch Kincaid Grade Level (FKGL) and Flesch Kincaid 
Reading Ease (FKRE) (Table 1). The FKGL measures the academic grade 
level necessary to comprehend a given text. The FKRE is graded on a 
scale from 0 to 100, with lower scores indicating more difficult reading 
material. The Patient Education Materials Assessment Tool (PEMAT-P) 
for printable materials was used to assess Understandability and 
Actionability. The PEMAT-P score is a rigorously validated instrument 
used to evaluate and compare the ease with which print patient edu
cation materials can be comprehended and acted upon [9]. The PEMAT- 
P has two sub-scores: an understandability score with a maximum of 17 
items and actionability with a maximum of 7 items. Understandability 
and actionability scores from the PEMAT-P were calculated for each 
instruction set. Instructions are deemed understandable when patients 
of diverse health literacy can process them, and actionable when pa
tients of diverse health literacy can identify steps based on the infor
mation. Three specialists independently reviewed and scored each 
patient education material according to PEMAT-P guidelines. Accepted 
standards for adequate patient comprehension are FKGL <6, FKRE >60, 

and PEMAT-P > 80%.

2.1. Statistical analysis

The descriptive statistics, which included the means and standard 
deviations for the FKRE, FKGL, and PEMAT-P scores, were calculated. 
Kruskal-Wallis Test was used to compare mean differences across AI 
platforms (ChatGPT, DeepSeek, and Gemini) and procedures (tonsil
lectomy, adenoidectomy, myringotomy and ventilation tube insertion). 
A p-value <0.05 was considered statistically significant. The Pearson 
correlation with the coefficients was calculated to assess the relation
ships between the FKRE, FKGL, understandability, and the actionability 
scores. All analysis was conducted using IBM SPSS version 29.0.0.

3. Results

Nine post-operative instructions were generated from each platform. 
The different AI platforms were not uniformly optimal for patient 
comprehension (Supplementary Table 1). For tonsillectomy, ChatGPT 
had the highest FKRE (69.5) and the lowest FKGL (6.1), indicating that 
its instructions have the best readability. However, its understandability 
(78.1%) and actionability (66.7%) were below the optimal threshold. 
Gemini scored lowest on FKRE (52%) and highest on FKGL (9.1) but had 
the best understandability (85%). In adenoidectomy, ChatGPT again led 
in FKRE (67.9) and had FKGL of 7.0. DeepSeek had higher actionability 
(73.3%) and understandability (81.2%). Gemini had the poorest FKRE 
(48.3) and FKGL (9.7) but maintained a strong understanding (82.3%). 
For myringotomy and ventilation tube insertion, all platforms showed 
higher FKGLs (~9) and lower FKREs (~54–56). ChatGPT had the lowest 
understandability (74.6%) while Gemini had the highest (82.3%) un
derstandability. Actionability was the best with DeepSeek (73.3%). 
Thus, no AI consistently met all adequacy criteria.

Table 2 shows a comparative analysis of the three AI platforms in 
generating postoperative instructions, with each metric averaged across 
all three procedures (tonsillectomy, adenoidectomy, and myringotomy 
with ventilation tube insertion). Notably, ChatGPT had the highest 
readability with an average FKRE of 64.57 (± 7.2), significantly better 
than DeepSeek (54.13 ± 1.27) and Gemini (51.67 ± 3.21) with a p-value 
of 0.030, indicating statistically significant differences. For FKGL, 
ChatGPT also had the lowest grade level at 7.40 (± 1.54) as compared to 
DeepSeek (8.70 ± 0.20) and the Gemini (9.40 ± 0.30), but this differ
ence was not statistically significant (p = 0.089). In terms of the un
derstandability (PEMAT-P), Gemini had scored the highest mean at 
83.20% (±1.56), which is followed by the DeepSeek with the mean and 
SD of 79.47% ± 1.80 and then the ChatGPT (77.30% ±2.40) which has 
lowest value, and this difference is a statistically significant (p = 0.027). 
However, for the actionability, while DeepSeek had the highest score 
(71.10% ± 3.81), the difference among the platforms was not statisti
cally significant (p = 0.140). Overall, ChatGPT led in readability, Gemini 
in understandability, and DeepSeek in actionability.

Table 3 show the comparative performance of AI-generated 

Table 1 
Readability tools and formulas.

Readability tool Formula

FKRE 206.835–1.015 (words/sentences) - 84.6 (syllables/word)
FKGL 0.39 (words/sentences) + 11.8 (syllables/words) - 15.59

FKRE; Flesch Kincaid Reading Ease, FKGL; Flesch Kincaid Grade Level.

Table 2 
Comparative Evaluation of ChatGPT versus DeepSeek versus Gemini. Values 
represent mean (±SD) across all three procedures for each AI platform.

ChatGPT DeepSeek Gemini Sig. 
Values

FKRE 64.57 (7.2) 54.13 
(1.27)

51.67 
(3.21)

0.030

FKGL 7.40 (1.54) 8.70 (0.2) 9.40 (0.3) 0.089
PEMAT-P Understandability 

(%)
77.30 (2.4) 79.47 (1.8) 83.20 

(1.56)
0.027

PEMAT-P Actionability (%) 62.23 
(3.87)

71.10 
(3.81)

66.13 
(5.87)

0.140

FKRE; Flesch Kincaid Reading Ease, FKGL; Flesch Kincaid Grade Level, PEMAT- 
P; Patient Education Materials Assessment Tool.
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postoperative instructions across three pediatric ORL procedures, with 
each metric averaged across all three AI platforms (ChatGPT, DeepSeek, 
and Gemini). Notably, the FKRE scores were highest for tonsillectomy at 
59.03 (± 9.24), followed by adenoidectomy (56.5 ± 10.18) and myr
ingotomy and ventilation tube insertion (54.83 ± 1.40), though the 
differences were not statistically significant (p = 0.816). Similarly, FKGL 
scores increased from tonsillectomy (7.9 ± 1.59) to adenoidectomy 
(8.47 ± 1.37) and were highest for myringotomy and ventilation tube 
insertion (9.13 ± 0.25), with no significant variation (p = 0.503). For 
understandability, both tonsillectomy and adenoidectomy scored 
equally (80.9%, with slight variation in SD), while myringotomy and 
ventilation tube insertion was slightly lower (78.17 ± 3.88%), yet again 
with no significant difference (p = 0.520). The actionability scores had 
followed a similar trend, with the adenoidectomy (68.33% ± 7.26) 
slightly outperforming the tonsillectomy (66.70% ± 0.00) and myr
ingotomy and ventilation tube insertion (64.43% ± 7.68), but there is 
no statistical significance for this difference (p = 0.745). Thus, none of 
the metrics showed significant variation across the procedures, which 
indicates the consistent AI performance regardless of surgical context.

Table 4 presents the correlation matrix between the readability, 
understandability, and actionability scores across the AI platforms. A 
strong and statistically significant negative correlation is observed be
tween the FKRE and the FKGL (r = − 0.711, p = 0.032), indicating that as 
reading ease increases, the required grade level decreases, a desirable 
and expected inverse relationship. Additionally, the FKRE showed a 
negative correlation with the PEMAT-P understandability (r = − 0.669, 
p = 0.049), which is statistically significant. This suggests that a diverse 
patient population may not fully understand the easier-to-read in
structions. Moreover, the correlation between the FKGL and the un
derstandability was moderate (r = 0.462) but not statistically significant 
(p = 0.210). The actionability shows that there is no significant corre
lation with any of the other metrics, such as the FKRE (r = − 0.581, p =
0.101) and FKGL (r = 0.000, p = 1.000), which indicates that the 
readability parameter alone does not necessarily enhance the patient's 
ability to take the action based on the instructions generated by these AI 
platforms. In summary, the better readability, as indicated by the higher 
FKRE and lower FKGL, is correlated with improved understandability 
but not necessarily with actionability, highlighting the 

multidimensional nature of patient education quality.

4. Discussion

To our knowledge, this study is the first to evaluate and compare 
three of the most commonly used LLMs' readability, understandability, 
and actionability as a parental guidance tool in pediatric ORL. Our re
sults demonstrate that while each platform offers unique strengths, none 
consistently met all benchmarks for optimal patient education materials, 
highlighting important limitations of relying solely on AI for producing 
patient-facing educational materials in pediatric surgical care and 
health communication.

ChatGPT demonstrated the highest overall readability, with an 
average FKRE score of 64.57, significantly outperforming the other 
platforms (p = 0.030). This finding is consistent with prior research that 
has identified ChatGPT's relatively accessible language generation in 
healthcare contexts in comparison to traditional content repositories or 
search tools [2]. However, ChatGPT's understandability and action
ability scores were lower, despite its readable output. This underscores 
the fact that readable text does not necessarily equate to user-friendly or 
instructive communication [10]. Our findings are consistent with those 
of Dhar et al. (2024), who evaluated ChatGPT's performance in 
responding to common post-tonsillectomy questions. They discovered 
that while ChatGPT frequently produced responses that were well- 
written and informative, it occasionally provided unsafe or clinically 
inaccurate recommendations, particularly in the context of pain man
agement and follow-up timelines [11]. Furthermore, Moise et al. (2024) 
assessed the reliability of ChatGPT's responses to tonsillectomy-related 
questions by comparing them to the American Academy of Otolar
yngology—Head and Neck Surgery Foundation (AAO-HNSF) clinical 
practice guidelines. Their findings indicated that 93.8% of ChatGPT's 
responses were accurate and in accordance with guideline recommen
dations. However, they also identified instances in which ChatGPT 
failed to capture the nuance of guideline recommendations [12]. It is 
evident that additional refinement is necessary to guarantee that AI- 
generated content is not only legible but also user-friendly and infor
mative, particularly for diverse audiences.

Although Gemini received the lowest score on readability metrics 
(FKRE = 51.67), it obtained the highest understandability score (83.2%, 
p = 0.027). This suggests that factors beyond sentence complexity and 
word choice may have a more significant impact on patient compre
hension. Similarly, despite not excelling in either readability or under
standability, DeepSeek led in actionability (71.1%). This suggests that it 
is capable of delivering more directive and step-oriented content, a 
critical component of caregiver instruction following pediatric 
procedures.

Interestingly, while there was a significant inverse correlation be
tween FKRE and FKGL (r = − 0.711, p = 0.032), the relationship between 
readability and understandability was also negative (r = − 0.669, p =
0.049). This implies that the comprehension of certain AI-generated 
texts may be paradoxically compromised by simpler language. This 
may be the result of the exclusion of critical contextual information that 
is essential for causal comprehension or the oversimplification of the 
subject matter. It is important to note that actionability was not sub
stantially correlated with any readability metric. This is consistent with 

Table 3 
Comparative Evaluation of different Pediatric Otorhinolaryngology Procedures. Values represent mean (±SD) across all three AI platforms for each procedure.

Tonsillectomy Adenoidectomy Myringotomy and ventilation tube insertion Sig. 
Values

FKRE 59.03 (9.24) 56.50 (10.18) 54.83 (1.4) 0.816
FKGL 7.90 (1.59) 8.47 (1.37) 9.13 (0.25) 0.503
PEMAT-P Understandability (%) 80.90 (3.63) 80.90 (1.57) 78.17 (3.88) 0.520
PEMAT-P Actionability (%) 66.70 (0.00) 68.33 (7.26) 64.43 (7.68) 0.745

FKRE; Flesch Kincaid Reading Ease, FKGL; Flesch Kincaid Grade Level, PEMAT-P; Patient Education Materials Assessment Tool.

Table 4 
Correlation between different scores calculated across different platforms.

1 2 3 4

FKRE (1) Correlation 
(r)

1

Sig. value
FKGL (2) Correlation 

(r)
− 0.711* 1

Sig. value 0.032 .
PEMAT-P Understandability 

Score (%) (3)
Correlation 
(r)

− 0.669* 0.462 1

Sig. value 0.049 0.210 .
PEMAT-P Actionability Score 

(%) (4)
Correlation 
(r)

− 0.581 0.000 0.096 1

Sig. value 0.101 1.000 0.807 .

FKRE; Flesch Kincaid Reading Ease, FKGL; Flesch Kincaid Grade Level, PEMAT- 
P; Patient Education Materials Assessment Tool.

* . Correlation is significant at the 0.05 level.
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the findings of Shoemaker et al. (2014), who emphasized that actionable 
materials necessitate unique structural and linguistic characteristics that 
exceed text complexity [13].

Furthermore, our results are consistent with those of Polat et al. 
(2024), who assessed ChatGPT's ability to deliver precise and compre
hensible parental guidance for pediatric otolaryngologic procedures, 
such as adenoidectomy, tonsillectomy, and ventilation tube insertion. 
[14]. Their research revealed that expert otolaryngologists rated over 
70% of ChatGPT's responses as comprehensive, with none being deemed 
entirely incorrect. However, they also discovered that only 9.1% of the 
AI-generated responses met the American Medical Association's rec
ommended reading level of sixth grade, despite their excellent accuracy 
performance. This raises concerns about the content's accessibility for a 
general audience. The overlapping results highlight a significant limi
tation of AI-generated content, specifically the disparity between su
perficial readability and genuine patient-centered usability, as research 
suggests that enhancing linguistic simplicity alone is insufficient 
without integrating structured health literacy principles tailord to pa
tient requirements.

The included AI platforms demonstrated uniform performance across 
the examined surgical procedures, with no statistically significant dif
ferences in readability, understandability, or actionability (all p > 0.5). 
This uniformity indicates that the quality of AI-generated information is 
primarily dependent on the platform rather than the specific procedure, 
highlighting the generalization potential of these models while also 
exposing the risk of uniform deficiencies when instructions are not 
routinely adjusted or evaluated. Previous research has shown that 
standardized, plain-language educational resources can enhance care
giver satisfaction and reduce postoperative complications in pediatric 
surgery [15,16].

These findings confirm the potential of AI as a supplementary tool in 
clinical communication; however, they also emphasize the necessity of 
clinician oversight, iterative content development, and the integration 
of caregiver feedback to guarantee clinical safety and efficacy. In order 
to effectively bridge literacy gaps, future development should prioritize 
models trained on pediatric datasets, include culturally sensitive tem
plates, and support multilingual capabilities as the field of AI in medi
cine advances, particularly in pediatric care settings where parental 
understanding is crucial [17].

This study has several limitations that warrant consideration. 
Initially, the analysis was restricted to text-based outputs produced by 
each AI platform in response to a single, standardized prompt. Poten
tially, the reproducibility and generalizability of findings could be 
impacted by variations in phrasing, context, or user interaction, which 
could result in varying results. Secondly, while validated tools such as 
FKGL, FKRE, and PEMAT-P were employed to evaluate readability, 
understandability, and actionability, these metrics fail to account for 
subtleties such as cultural appropriateness, emotive tone, or caregiver- 
specific concerns. Furthermore, the evaluation was conducted exclu
sively in English, which restricted its applicability to non-English- 
speaking populations. This is a particularly pertinent issue in the 
context of multicultural pediatric care. Additionally, this study did not 
formally assess the clinical accuracy, safety, or real-world usefulness of 
the AI-generated postoperative instructions. While readability, under
standability, and actionability are essential components of patient ed
ucation quality, they do not guarantee clinical correctness or 
appropriateness. Evaluating factual accuracy and guideline concordance 
would require expert validation and outcome-based assessment, which 
was beyond the scope of this study and represents an important area for 
future research.

To improve the usefulness of AI-generated postoperative in
structions, future efforts should focus on fine-tuning models with pedi
atric and caregiver-specific data to enhance relevance and readability. 
Adding visual aids, multilingual support, and culturally appropriate 
messaging can improve comprehension for diverse users. Clinician re
view protocols should be implemented to validate content before use. 

Future research should include end-user testing to evaluate parental 
understanding, satisfaction, and adherence, as well as longitudinal and 
multicenter studies to assess impacts on clinical outcomes, readmissions, 
and provider workload.

5. Conclusion

In conclusion, this study highlights the growing potential and current 
limitations of LLM-based AI platforms in generating post-operative in
structions for common pediatric ORL surgeries. While each platform 
demonstrated strengths in specific domains, ChatGPT in readability, 
Gemini in understandability, and DeepSeek in actionability, none 
consistently met all established benchmarks for effective patient edu
cation materials. These findings underscore the need for ongoing 
refinement of AI-generated content to ensure it is not only readable but 
also comprehensible and actionable for caregivers. As AI continues to 
integrate into healthcare communication, clinician oversight, content 
customization, and patient-centered design will be essential to optimize 
its role in enhancing pediatric surgical care and outcomes.
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