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Abstract

Background: Largelanguage model (LLM)—assisted content analysis (LACA) isamodification of traditional content analysis,
leveraging the LLM to codevel op codebooks and automatically assign thematic codes to a web-based reviews dataset.

Objective: This study aimsto develop and validate the use of LACA for analyzing hospital web-based reviews and to identify
themes of issues from web-based reviews using this method.

Methods: Web-based reviews for 53 private hospitals in Selangor, Malaysia, were acquired. Fake reviews were filtered out
using natural language processing and machine learning algorithms trained on yelp.com validated datasets. GPT-40 mini model
application programming interface (API) was then applied to filter out reviews without any quality issues. In total, 200 of the
remaining reviews were randomly extracted and fed into the GPT-40 mini model API to produce a codebook validated through
parallel human-LLM coding to establish interrater reliability. The codebook was then used to code (label) all reviews in the
dataset. The thematic codes were then summarized into themes using factor analysis to increase interpretability.

Results. A total of 14,938 web-based reviews were acquired, of which 1121 (9.3%) were fake, 1279 (12%) contained negative
sentiments, and 9635 (88%) did not contain any negative sentiment. GPT-40 mini model subsequently inducted 41 thematic codes
together with their definitions. Average human-GPT interrater reliability is perfect (k=0.81). Factor analysisidentified 6 interpretable
latent factors: “ Service and Communication Effectiveness,” “Clinical Care and Patient Experience,” “Facilities and Amenities
Quality,” “Appointment and Patient Flow,” “Financia and Insurance Management,” and “Patient Rights and Accessibility.” The
cumulative explained variance for the six factorsis 0.74, and Cronbach o is between 0.88 and 0.97 (good and excellent) for all
factors except factor 6 (0.61: questionable). The factors identified follow a global pattern of issues identified from the literature.

Conclusions: A data collection and processing pipeline consisting of Python Selenium, the GPT-40 mini model API, and a
factor analysis module can support valid and reliable thematic analysis. Despite the potential for collection and information bias
in web-based reviews, LACA of web-based reviews is cost-effective, time-efficient, and can be performed in real time, helping
hospital managers devel op hypotheses for further investigations promptly.
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Introduction

Quality Improvement Activitiesin Hospitals

Getting feedback from patients and families is important to
continuously improve patient care and ensure patient and family
satisfaction within health care settings[1,2]. Patient and family
satisfaction is crucial for repeat visits and the economic
sustainability of the health care provider; therefore, management
teams need to empathize with their patients and families
understandings, feelings, and behaviors in order to thrive in a
competitive health care market.

Web-Based Reviews

The use of traditional surveys like SERVQUAL to measure
quality in Malaysian health care is documented by Butt and de
Run [3], Aliman and Mohamad [4], and Abd et a [5].
Observations, formal interviews, and surveys such as
SERVQUAL are standard methodsfor collecting feedback from
patients and families, but all require a significant amount of
time for data collection [6,7]. Since these methods are
resource-intensive, obtaining unbiased results will require
researchers to invest more time and money, otherwise, the
number of respondentsislimited, which could lead to low study
power and false negative results. Additionally, ethnographic
studies often fall shortintheir ability to observe patients before,
during, and after hospital stays due to privacy concerns from
both the clinicians' side and the patients' side [8].

The use of web-based reviews to gather feedback on patients
experiences and opinions can help hospital managers address
the limitations mentioned above. Unlike ethnographic studies
and interviews, web-based reviews by patients and families
have no spatial limitations, meaning that patients and families
can share their feelings, experiences, and opinions throughout
their entirejourney—before, during, and after their hospital stay
or visit. Web-based reviews are aso readily available on the
internet, and with the aid of a large language model
(LLM)—assisted content analysis (LACA), we can include a
larger number of respondents, thereby reducing the risk of type
Il error (false negatives) caused by an insufficient sample size.

Ranard et al [9] mentioned the advantages of using web-based
reviews for hospital quality improvements, including the
diversity of domainsreported in web-based reviews. Traditional
surveys such as Hospital Consumer Assessment of Healthcare
Providersand Systems (HCAHPS) have fixed domainsin which
the questions are based and have originsthat derive from 1995.
Since patients’ indications and experience for hospitalization
have changed greatly, using a fixed set of surveys would set a
barrier to fully understanding current patients' needs. His study
found 12 web-based review domains not otherwise reflected in
HCAHPS.

Rahim et a [10], in their paper, however, raised the need for
health care organizationsto change in accordance with Industrial
Revolution 4.0 by using web-based reviews to understand
patients and families' interests, desires, and values. He too
mentioned that the use of traditional surveyslike HCAHPS and
SERVQUAL is redtrictive in the ways that these surveys are
fixed, time-intensive, lengthy, fail to identify the causes of
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concern, and are subject to response and selection bias. The
author suggested using web-based reviews, such as Facebook
web-based reviews on hospitals pages, as new sources for
quality monitoring in hospitals and using supervised machine
learning (ML) to train ML modelsto classify thesereviewsinto
SERVQUAL domains.

Publicly Available Web-Based Data

The exponential growth of digital communication channels has
transformed health care feedback mechanismsin Malaysiaand
globally. Malaysia's internet adoption rate reached 96.8% in
2023 [11], with social media users aged 18 years and older
exceeding 24.8 million, representing 99.8% of the population
[12]. Thisdigital transformation has generated substantial health
care—related user-generated content.

While global data use was projected to grow from 33 ZB in
2018t0 175 ZB by 2025[13], Maaysia's health care sector has
seen itsown surgein digital footprint, with an estimated 54.7%
of all patientsusing theinternet to search for health information
[14] and 91.2% health care workers have good eHealth literacy
[15]. Web-based data reflecting patients experiences in
Malaysian health care settingsisincreasingly available through
various digital channels, including social media platforms,
hospital review websites, health care forums, and patient blogs.
The Health White Paper for Malaysia further emphasizes the
importance of leveraging these digital data sources for health
care quality improvement [16].

Study Designs

This study is exploratory in nature, and our research questions
areasfollows: (1) How to apply LACA satisfactorily on hospital
web-based reviews? (2) What are the themes of issuesidentified
by LACA on hospital web-based reviews? The purposes of this
study are (1) to devel op and recommend amethod for analyzing
hospital web-based reviews to serve as an alternative to direct
observations or interviews on patients and families in hospital
settings and (2) to then identify themes of current issues in
private hospitalsin Selangor, Malaysia. For these purposes, we
developed two hypotheses: (1) LACA developed based on our
methods produces satisfactory coding works equivalent to a
human coder with Cohen k>0.80; (2) the themesidentified from
factor analysis produce a Cronbach a>0.70 on all factors with
interpretable items.

The population of the study is patients or families who have
posted their reviews on aweb-based review platform for private
hospitals in the state of Selangor, Malaysia, from January 1,
2023, to December 31, 2023. All 53 private hospitals in the
state were included in this study. This population was chosen
because researchers and experts involved in this study have
good knowledge of local private hospitals as compared to
hospitals located somewhere else, therefore, enabling them to
contribute to the qualitative inputs needed in thisresearch. This
study includes all reviews posted on a web-based review
platformfor all private hospitalsinside Selangor using universal
sampling so that we could get as much diversity of reviews as
possible, a point of advantage over traditional observations or
interviews.
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Theweb-based reviews are then filtered to exclude reviews that
are not accompanied by any comments. Since web-based
reviews are subject to manipulation by hospitals, we aso
exclude fake reviews using natural language processing (NLP)
and ML algorithms to make sure that the results represent the
real patients' suggestions, opinions, and experiences. Detailed
explanations of this method are discussed bel ow.

Methods

Thematic Analysis

Thematic analysis is a qualitative research method used to
identify, analyze, and report patterns or themes within data. It
begins with researchers immersing themselves in the data to
gain a deep understanding, which involves repeatedly reading
and reviewing the material. Following this, they generateinitial
codes by systematically tagging relevant sections of the data
with short labels that capture key aspects. These codes are then
organized into potential themes—broader patterns that reflect
significant features related to the research question.

Researchersreview and refine the themes created to ensure they
accurately represent the data and fit together cohesively. Each
themeis clearly defined and named, and the final step involves
writing up thefindingsto provide acomprehensiveinterpretation
of the data, weaving together the themes to offer insightful
conclusions. Thematic analysisis valued for its flexibility and
ability to uncover patternswithin complex qualitative data. Most
of the thematic analysis framework used in this study is based
on Braun and Clarke [17].

Inductive Coding in Thematic Analysis

Inductive coding in thematic analysis is a process where
researchers develop codes directly from the data, rather than
applying predetermined categories or theoretical frameworks
(which apply in deductive coding). It begins with a thorough
examination of the data to gain an in-depth understanding.
Researchersthen identify significant ssgments of text and create
codes based on the content and meaning of these segments.
Theseinitial codes are descriptive and reflect the language and
concepts used by the participants.

As coding progresses, similar codes are grouped together to
form broader themes, which emerge naturaly from the data
itself. This approach allows for a more grounded analysis, as
themes are devel oped from the participants’ perspectivesrather
than imposed by external theories. Thethemesare then reviewed
and refined to ensure they accurately represent the data and
provide acoherent interpretation. Inductive coding is particularly
useful for exploring new research areas and gaining insights
that are deeply rooted in the data [18].

LLM

Traditional methods of analyzing text data from surveys and
reviews often pose significant challenges, including
time-consuming manua processes and resource-intensive
endeavors [19]. Moreover, the sheer volume and unstructured
nature of textual data available ontheinternet further exacerbate
the complexity of analyzing and extracting actionable insights
using conventional methodologies. Given the overwhelming
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amount of data deriving from web-based review platforms,
attention is increasingly turning toward automated content
analysisinstead of pure qualitative content analysis [20].

With the emergence of LLMs, such asthe GPT-40 mini model,
health care ingtitutions now possess a powerful tool to navigate
and extract valuable insights from the vast expanse of
unstructured text data available on the web. Hassani et al [21]
confirm the fact that text mining in big data analytics is
emerging as a powerful tool for harnessing the power of
unstructured textual data by anayzing it to extract new
knowledge and identify significant patterns and correlations
hidden in the data.

LLMsare sophisticated artificia intelligence (Al) modelstrained
on large corporaof text data[22], enabling them to understand
and generate human-like language with remarkable accuracy
and fluency. GPT architecture incorporates attention
mechanisms and feed-forward neural networks to predict the
next word in asequence, which hasimproved LLM functionality
significantly [23]. Leveraging advanced NL Ptechniques, LLMs
excel in tasks such as text summarization, thematic analysis
[24], and sentiment analysis[25], making them well-suited for
analyzing qualitative data in health care contexts.

LLM is increasingly experimented with in the health care
industry. For example, recent studieswere conducted to seethe
impact of LLM in drug discovery [26], extraction of medical
notes [27], prediction of diagnosis-related groups [28], and
diagnostics [29]. A study by Lin and Kuo [30] highlighted the
huge opportunitiesto leverage LLM in clinical decision-making
systems. The advancement of LLM is paralel to the world's
movements toward using Al in health care. The Ministry of
Health, Malaysia [31], for example, mentioned the use of Al
and big data as essential toolsfor improved health care delivery
in the near future. The Ministry of Health Malaysia also made
digitalization, advanced data analytics, and Al as the main
agenda for the country’s health reformation [16].

Theuse of LLMsin quality improvement activities offers several
notabl e advantages over traditional methodologies. First, LLMs
enable the automated processing and analysis of large volumes
of unstructured text data, significantly reducing the time and
resources required for data collection and analysis. This
scalability allows health careingtitutionsto extract insightsfrom
diverse sources of patient feedback in a timely and efficient
manner, facilitating rapid response to emerging trends or i ssues.

Additionally, LLMs can identify nuanced patterns, sentiments,
and themeswithin diversetextua data, providing deeper insights
into patients' perceptions of health care quality and identifying
areas for improvement that may have been overlooked using
manual methods.

Furthermore, theintegration of LLM-driveninsightsinto quality
improvement initiatives has the potential to enhance the
patient-centeredness of health care delivery. By capturing and
analyzing patients experiences, opinions, and preferences as
expressed in their own words, health care institutions can gain
a more comprehensive understanding of patient needs and
priorities. This patient-centric approach enablestailored quality
improvement interventions that address specific patient
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concerns, ultimately leading to improved patient satisfaction
and outcomes.

LACA

LACA isaterm coined by Chew et a [32] that describes the
use of LLMs to enhance and streamline qualitative content
analysis. Researchersbegin by inputting qualitative data—such
as text from interviews or documents—into an LLM, which
processes and summarizes the content to provide an initial
understanding. The LLM aids in coding and categorizing the
text by suggesting themes and patterns based on its advanced
NLP capabilities. This helpsin identifying and organizing key
topics and underlying themes more efficiently [33].

LLMs offer several advantages in the coding process, starting
with consistency and standardization. By using sophisticated
algorithms, they apply uniform criteria across datasets,
minimizing variability and subjectivity that can arise from
different human coders. This ensures coding reliability,
especialy when working with large datasets, where human
inconsistencies can become more pronounced. Such
standardization is crucia for maintaining high-quality and
reliable results [24,34].

Another key benefit of LLMsistheir scalability. These models
can process and analyze vast amounts of text data much more
quickly than manual methods, addressing significant resource
constraints in qualitative research. The ability to handle large
datasets efficiently makesLLMsanideal solutionfor large-scale
projects, where traditional methods may not be feasible due to
time and personnel limitations [21].

LLMsalsoimproveefficiency by automating the coding process,
reducing the time required for annotation compared to manual
coding. This can lead to substantial time savings, although the
exact extent of these savings till requires further empirical
investigation. The automation of this process helps streamline
workflows and allows researchers to focus on other aspects of
their projects [35].

In addition to efficiency, LLMs contribute to error reduction
by adhering to predefined coding rules. This minimizes
inconsistencies often caused by human fatigue or differences
in interpretation. While LLMs can reduce errors, careful
validation against human coding is still necessary to ensure
accuracy and reliability in the results[36,37].

The potential for replicability and cost-effectivenessis another
strength of LLM-based coding. When using the same models
and algorithms, LLMs can produce more consistent results,
making it easier to replicate studies or analyses. However,
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long-term reproducibility remains an area of ongoing research,
as models and datasets evolve over time [38,39]. In terms of
cost-effectiveness, LLM-assisted coding can reduce the need
for large human teams, particularly for large-scale projects.
However, it isimportant to consider the initial implementation
costs and the resources required for model training. Despite
these costs, the long-term savingsin human resources and time
can make LLM-based coding a more economical solution for
large research projects [40,41].

Finally, LLMshavethe capability for complex pattern detection.
Trained on extensive datasets, they can identify nuanced patterns
that manual coding might overlook. Whilethisability enhances
the depth of analysis, it also requires rigorous validation to
ensure that the patterns detected are meaningful and accurate
[42,43]. Each of these factors—consistency, scalability,
efficiency, error reduction, replicability, cost-effectiveness, and
complex pattern detection—demonstratesthe potential of LLMs
to significantly enhance coding processesin qualitative research.

LACA usesan LLM, and in this study, is specifically using a
GPT in which prompts were transformed to trigger the model
to generate responses, that is, codes or attribute labels. Other
than thisGPT method, latent Dirichlet allocationiswidely used
to classify documents into topics. GPT is advantageous over
latent Dirichlet allocation because GPT is context-aware and
ableto directly produce textual descriptions[44]. In summary,
LACA offers improved accuracy, efficiency, and scalability,
making it a powerful tool for handling extensive and intricate
content analysis tasks.

Ethical Consider ations

Asthis study involves secondary analysis of publicly available
web-based reviews, which were anonymized and deidentified
during the results visualization stage, no ethical review/approval
was heeded, per the Malaysian Medical Review and Ethics
Committee (MREC) Ministry of Health guidelines [45]. No
personal or hospital identifierswere associated with thereviews
inthefinal results. Data processing was done only by authorized
researchers, while data filtering was performed to ensure the
exclusion of fakereviewsusing NLPand ML agorithms, which
were trained on publicly available datasets such as Yelp.com.
Protectionswereimplemented during the presentation of results
to minimize any potential risk of identifying individuals or
revealing sensitiveinformation. The study methodology adheres
to ethical standards concerning the use of publicly available
web-based content for research purposes.

Flow of the Study
The flow of the study is shown in Figure 1.
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Figure 1. Flow of research (summarized).
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Web Scraping

We begin our research by getting a list of private hospitals in
the state of Selangor sourced from the Ministry of Health
Malaysia swebsite. Thelist was used to search for the hospital’s
name on Google Search. This alowed us to locate Google
Reviews page for each of these hospitals. We devel op aprogram
using the Python PyAutoGUI modul e to automate data scraping.
Ratings were extracted using computer vision (CV2) since star
ratingsin Google Reviews are presented in .jpg format and not
in text format. Optical character recognition techniques were
used to detect and locate the word “ Newest” on tabs so that we
could click the “Newest” button and ensure that the data were
sorted from newest to oldest. There were many reviews written
too long, so part of the reviews were hidden and readers had to
click on the “more” button to reveal the hidden message. We
automated the process of recognizing the “more” button by
using CV2 and automatically expanding the text using the
PyAutoGUI click function. The process of copying all text to
the computer’s memory is done using PyAutoGUI’'s select,
scroll, and copy functions. The copied text was stored in a .txt
file with ahighly specific separator between reviews.

Removing Empty Reviews

Web-based reviews that are not followed by comments are
removed, since we are doing qualitative data analysis on texts.
This is done using the Python Pandas module by excluding
documents with empty text.

Removing Fake Reviews

Since web-based reviews are susceptible to manipulation by
individua sfrom the sameinstitution (in the case of fake positive
reviews) or competitors (in the case of fake negative reviews),
these fake reviews do not represent real opinions, experiences,
and suggestions. To do this, a program was developed based
on previous studies [46-49] that incorporates NLP
methodologies with ML algorithms. All data for training and
testing the algorithm was acquired from yelp.com, aweb-based
review platform for hotels, restaurants, and hospitals, among
others, that separatesfake reviewsfrom real reviews. The dataset
was fed into a natural language preprocessing pipeline, which
included the process of standardization, punctuation removal,
numerical removal, tokenization, stop word removal, and
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formation of trigrams. Each trigram is now forming a single
column in a matrix of term frequency-inverse document
frequency, a vector matrix that becomes an input for a support
vector machine and logistic regression ML algorithm. The ML
model was trained and tested using the preprocessed yelp.com
dataset and achieved a precision of 0.87, arecall of 0.89, ahigh
F,-score, and an accuracy of 0.88. Using the same NL P pipeline,
each of our hospital review documentsis preprocessed and then
transformed into vector form (term frequency-inverse document
frequency) before being fed into our validated ML model to
filter out as many fake reviews as possible.

Removing Comments Without | ssue

A comment can have good (positive) sentiment, bad (negative)
sentiment, or can have both. This study focuses on identifying
issues (negative sentiment) related to quality in hospitals. A
previous study on bias in web-based reviews by Roh and Yang
[50] showed that bad reviews are the most meaningful to help
readers make decisions about a hospital. Other than that, we
also tried to avoid having to make tuples for each label or code,
that is, having to label or code (*communication,” “negative’)
and (“communication,” “positive’) instead of just
“communication” because tuples will produce double the
number of variables, aphenomenon seen in the paper by Zaman
et a [51]. A long list of variables also makes it more difficult
during the theme formation (dimension reduction) phase. We
maintain reviews containing negative sentiment and filter out
the remaining by calling the GPT-40 mini model application
programming interface (API) to respond “Yes’ if a review
contains issues and “No” otherwise. Full prompts are given in
Multimedia Appendix 1.

Codes I nduction

This stage begins with extracting issues present in each review.
GPT-40 mini model APl was used to identify, summarize, and
list issues raised by each customer based on their web-based
customer review. Then the next step involves randomly sampling
200 of these extractsto feed the GPT-40 mini model to produce
listsof codestogether with their definitions (codebook). A total
of 5 iterations were performed to create a comprehensive list
of codes using the GPT-40 mini model AP calls. Thefinal code
list was reviewed by health care management experts and used
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as a codebook to code issues in the dataset. Full prompts are
provided in Multimedia Appendices 2 and 3.

GPT and Human Sample Coding

A random 200 reviews were selected. GPT-40 mini model API
was tasked to use the codebook and label the 200 reviews. A
human researcher was al so tasked to label the same 200 reviews.
Both GPT and human coders were instructed to code each
review by iterating each item in the codebook and answer O if
the item is not an issue in the review, 1 if the item is a small
issue, 2if theitemisamoderateissue, 3if theitem isaserious
issue, and 4 if the item is an extremely serious issue in the
review (Multimedia Appendix 4). If there are n; items or codes
in the codebook, the number of API callswill be 200n;. Interrater
reliability was evaluated between a human coder and a GPT
coder across the 200 reviews or documents using Cohen K, a
statistical measure that accounts for chance agreement.

Determining GPT-Human Agreement

At this stage, we will have a matrix of 200xn; where the rows
are reviews or documents and the columns are item variables,
i. Each cell contains integers from O (indicating no issue) to 4
(indicating extremely serious issue). Interrater reliability is a
crucial aspect of ensuring the reliability of coding and
categorization in our research. We do this by converting the
scalar datatypeto binary (0if noissue, and 1if thereisat least
oneissue related to the thematic code). Cohen k was cal culated
between the GPT and the human coder for each document. The
average K score across the 200 documents was calculated to
assessoverall agreement. An average Cohen k of morethan 0.8
is acceptable to proceed to the next stage.

Coding the Rest of the Data Using GPT

As GPT coding tasks are proven to be reliable, the process of
coding (described above) can then be continued solely by the
GPT-40 mini model on the rest of our data. This way, we can
label all our current data (and other data in the future) easily
without the need for human coders. Thisisthe advantage of our
current method as compared to manually coding the web-based
reviews.

Visualization of Codes Distribution

During this stage, we visualized the code distribution in our
dataset, including the prevalence of each of the codes.
Co-occurrences of codes are visualized through heat maps of
correlation between individual codes. Pearson correlation was
conducted to seethe strength of the association between thematic
codes.

Themes Formation by Factor Analysis

Thematic codes used to label the review were reduced to
single-digit latent factors. Latent factors are essentialy the
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underlying variables that explain the patterns of correlations
among observed variables. Theformation of single-digit themes
is important so that we can focus our efforts on these themes.
Although this process can be done manually through
rearrangements of codes into themes, we automate the process
so that any future analysis will also be done automatically for
efficiency. The use of factor analysis to reduce attributes or
codesinto themesisdocumented by Sovacool [52]. We decided
to include or exclude factors based on cumulative explained
variance, Cronbach a [53], and qualitative assessment—content
validity [54].

Overall, the methodology involves a systematic approach to
collect, integrate, analyze, and interpret data from web-based
reviewsto understand the factorsinfluencing demand for private
hospitals in Selangor. Advanced techniques like ML and NLP
were used to filter out fake reviews and extract meaningful
insights from large datasets.

Results

Overview

Exactly 14,938 Google Review data pointswere scraped by our
program, developed using agraphical user interface. These data
include 53 private hospitals in the state of Selangor. The data
collected consists of data from one year prior to the date the
data were collected (January 2023-December 2023). Of the
14,938 data collected, atotal of 12,035 (81%) evaluationswere
accompanied by comments, while 2903 (19%) evaluationswere
not accompanied by comments. Among al reviews with
comments, 1121 (9.3%) reviews were fake and excluded from
the data. There are 1279 evaluations that have issues (negative
sentiments), and 9635 evaluations do not have issues (positive
or neutral sentiments). Thefull list of thematic codes generated
by LLM and itsdefinition, that is, the codebook, can be accessed
in Multimedia Appendix 5. An example of actua web-based
reviews and the codes labeled to them by LLM is shown in
Table 1 and morein Multimedia Appendix 4.

Cohen Kk revedled a perfect level of agreement between the
human and GPT coders. Across the 200 random reviews or
documents, the lowest k score between human and GPT coder
was 0.44, and the highest k score was 1.00. The average Cohen
K score was found to be exceptionally high (0.81), indicating a
very strong level of agreement beyond what would be expected
by chance. These results demonstrate that the GPT coder
exhibited a high degree of consistency in its coding, with
minimal discrepancies acrossthe dataset. As GPT coding tasks
are validated, the process of coding was then continued solely
by the GPT-40 mini model to the rest of our 1279 data points
(reviews), which gives us the following finding.
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Table 1. Example of actual web-based reviews and the themes assigned by LLM?2,

No.  Actual web-based review Codes assigned by LLM
1 Staff R****j very helpful but waiting time is too long™. 2 hours though. I’ m patient no. 4. 1. Waiting time
2 Very friendly staff. We were the regular there since my new born daughter always went there check up and 1. Work load

vaccines. It'sfine. But when comesto seriousillness, something ernergency2'3, they arereally lack of experienced

staffl4.

3 On 2nd Feb 2023 this S**anurse said will check for me for an available appointment for this specialist doctor,

whom | want to see. She didn'’t revert back to me at al%3%. | called again on 28th February thisnurse A***a
said my appointment was slot on 23rd March @ 5 pm so on 22nd March | call up to confirmed and they said
my namewas not in the system and | have been waited for almost 1 month. Nurse M***** h help me to rebooked

but didn’t inform me that the date has been postponed to 24th March'? instead shetold meis3 pm so | thought

2. Emergency services

3. Patient safety and hygiene
4. Doctor’squdification and
doctor’s change

1. Communication

2. Staff responsiveness

3. Staff attitude

4. Inefficient and disorga-
nized processes

isin 23rd March at 3 pm. Such a private hospital so incompetent and ineffici ent* the nurses here. | just wants
to make an appointment as this doctor specialist is aways full. Simple tasks can’t do it well. How you expect

people will come to this hospital ?

8_LM: large language model.

Distribution of Themes Found From Web-Based
Reviews

The most common themes based on web-based reviewsinclude
the themes of “ Service Quality and Professionalism” (n=511),
“Communication” (n=506), “Waiting Time" (n=382), “Staff
Attitude’ (n=284), and thetheme of “ Responsiveness’ (n=192).
The least common themes based on web-based reviewsinclude
the themes of “Workload” (n=9), “Insurance Billing Errors’
(n=9), “ Communication Barriers’ (n=10), “ Comparison Between
Races’ (n=11), and the theme of “Support for Breastfeeding
Mothers’ (n=11). The completelist of distributions can be seen
in the distribution in Multimedia Appendix 6.

Correlation Between Thematic Codes

The correlation was done between 2 thematic codes at atime
to observe the relationship between them (please refer to
Multimedia Appendix 5 for codes definition). We used Pearson
correlation, and our analysisfound correlation rangesfrom —0.0
to 0.9 between each thematic code (Figure 2). The correlation

https://formative.jmir.org/2025/1/e69075

between thematic codes is shown in the correlation heat map
below. After the Kaiser-Meyer-Olkin test (0.98) and the Bartlett
test of sphericity (P<.05), we accepted our datasize as adequate
and the code matrix as significantly different from the identity
matrix and proceeded to the next step—factor analysis.

The heat map shows the correlation between thematic codes.
As we can see, most thematic codes have a majority of red
boxes, indicating a high correlation with most of the other
thematic codes. There are, however, thematic codes that have
the magjority of blue boxesindicating low correlation with most
of the other thematic codes, including these thematic codes:
Financial Concerns, Facility Maintenance, Cafeteria and
Facilities, Room and Amenities, Patient Privacy, Accessibility
for Individuals with Disabilities, Breastfeeding Support, Lift
and Equipment Issues, and Insurance Billing Mistakes. The heat
map also shows some columns having similar patterns (of red
and blue boxes), for example, columns 26, 27, 31, and 33,
indicating that they measure an item inside the same theme and
should probably be included under the same | atent factor when
factor analysisis done.
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Figure 2. Heat map of correlations between thematic codes.
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Factor Analysis

We were using the Factor Analyzer module from Python to
derive latent factors from our variables. We determined the
appropriate number of latent factors based on eigenval ues and
the scree test [55]. Based on the total number of factors with
eigenvalues morethan 1, the total number of factors to include
is 6. Using the scree test, where a straight line is drawn from

Figure 3. Scree plot of eigenvalue against factor number.
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the least eigenvalue to the largest eigenvalue, the suggested
number of factors is also 6 (Figure 3). The Cumulative
Explained Variance was 0.74 for thefirst 6 factors (factorswith
eigenvalues more than 1). For the full list of cumulative
explained variance, please refer to Multimedia Appendix 7.
Latent factors, together with their suggested factor labels, codes,
factor loadings, and Cronbach o, are summarized in Table 2.

Scree plot
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Table 2. Latent factors together with their suggested factor labels, codes, factor loadings, and Cronbach a.
Code and code names Factor loading Cronbach a
Factor 1: Serviceand Communication Effectiveness 0.97
CO01: Communication Issues 0.95
CO05: Service Quality and Professionalism 1.00
C08: Doctor's Behavior and Tardiness 0.51
C15: Customer Service Training 0.97
C20: Language and Communication Barriers 0.60
C22: Staff Responsiveness 0.98
C26: Departmental Coordination 0.71
C27: Front Desk Service 0.85
C31: Organizational Efficiency 0.80
C33: Staff Attitude 0.98
Factor 2: Clinical Care and Patient Experience 0.92
C09: Nursing Care 0.77
C10: Patient Safety and Hygiene 0.64
C11: Electronic Health Info Management 0.47
C17: Diagnosis and Treatment 0.86
C21: Patient Rest and Comfort 0.53
C25: Medication Issues 0.65
C32: Doctor Changes and Qualifications 0.72
Factor 3: Facilitiesand Amenities Quality 0.90
CO07: Facility Maintenance 0.61
C14: Cefeteriaand Facilities 0.89
C16: Room and Amenities 0.87
C30: Hospital Fecilities and Food Quality 0.71
C35: Lift and Equipment Issues 0.46
C41: Amenities Adequacy 0.70
Factor 4: Appointment and Patient Flow 0.89
CO03: Appointment System Inconsistency 0.42
C04: Waiting Time 0.82
C13: Test and Result Processing 0.50
C28: Punctuality 0.76
Factor 5: Financial and I nsurance M anagement 0.88
CO06: Financial Concerns 0.89
C18: Insurance Issues 0.76
C36: Insurance Billing Mistakes 0.83
Factor 6: Patient Rights and Accessibility 0.61
C23: Patient Privacy 0.50
C24: Accessihility for Individuals with Disabilities 0.71
C29: Breastfeeding Support 0.45
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Discussion

Principal Findings

The analysis of review content identified a substantial portion
of evaluations (n=12,035, 81%) accompanied by comments,
with 19% (n=2903) lacking comments. Of the reviews with
comments, 9.3% (n=1121) were deemed fake and excluded,
leaving 9594 eval uations without issues and 1279 with issues.
The use of the GPT-40 mini model for coding these reviews
showed high interrater reliability, with an average Cohen K
score of 0.81, indicating strong agreement between human and
Al coders. This high level of consistency supports the validity
of the coding process and the reliability of the insights derived
from the data.

Granularity Issues

We acknowledge the lack of granularity of the codes produced
by the GPT-40 mini model, that is, some of the codes are subsets
of the other, and some of the codes contain more than 1 topic,
making it nongranular. We noticed these results in the early
phase of our research and decided to move forward with these
codes. Thefirst reason wasthat, in this study, we used inductive
coding rather than deductive coding. Inductive coding is when
codes and codebooks are created from scratch based on the
available data (reviews), while deductive coding, on the other
hand, is developing codebooks and coding the text using
established concepts or theories. We did inductive coding and
intentionally gave the freedom to the LLM to decide on the
codes during codebook formation.

The second reason was that LLM was trained on avast body of
knowledge, which is not limited to just Medicine and
Management. This includes Politics, Economics, Social,
Technology, Legal, Environment, and Demographic domains
(and this list is not exhaustive). Thus, the knowledge of LLM
isnot restricted to one or two theories only. Since the knowledge
of LLM is cross-disciplinary, there are possibilities that we
humans could not see the relevance of a code that is
understandable only to the Al (LLM). This phenomenon is
called the black box problem, in which mechanisms leading to
an outcome are difficult to explain to humans but are effective
in determining the outcome [56].

Despite the granularity issues, LLM has proven that the whole
process is effective and reliable. Despite some of the codes
looking nongranular to us humans, the LLM effectively uses
the codesto label each review consistently across our data. For
that reason, we were ableto get excellent Cronbach a in almost
all factorsduring factor analysis. If thelack of granularity causes
confusion to the LLM itself, the coding phase will be
inconsistent or chaotic and will then result in poor factor
analysis. Thisis proof that the producer of the codes (the LLM
itself) does understand the codes precisely, despite some of
them looking nongranular to us humans.

Other than that, the freedom given to LLM to decide codes
without any human intervention will also make it possible for
us to replicate the system in the future without human
intervention using the same pipeline. Thus, thiskind of analysis
can be adapted instantaneously to any industry and any
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web-based review platform that holds web-based review data.
High replicability will make this study’s impact greater.

Factor Analysis

Factor analysisidentified 6 interpretable latent factors: “ Service
and Communication Effectiveness,” “Clinical Care and Patient
Experience,” “Facilitiesand Amenities Quality,” “Appointment
and Patient Flow,” “ Financial and | nsurance M anagement,” and
“Patient Rights and Accessihility.” These factors encompass
the key areasinfluencing patient satisfaction, asreflected in the
items and their factor loadings. The cumulative explained
variance for the seven variablesis 0.74.

As we add (or remove) factors, we face a tradeoff between
cumul ative explained variance, reliability measured by Cronbach
o, and interpretability. Adding more factors increases the
cumulative explained variance but compromises Cronbach a
on the additional factors and their interpretability. Removing
factors, on the other hand, maintains Cronbach a high on all
remaining factors together with interpretability, but reduces
cumulative explained variance. Since any trade-off requires a
decision maker to decide based on preference [57], we find it
helpful to explain our preference below.

We prefer interpretable factors over higher explained variance
because, unlike ML algorithms—for example, artificial neural
networks, which can process the entire dataset to predict
outcomes without fully understanding the underlying
mechani sms—we humans emphasi ze understanding the factors
behind observed variables asabase for future studies. The need
for us to understand the mechanisms behind predictions is
justified by Vamathevan et a [58], who raised concerns about
the black box phenomenon in ML algorithms, how it leads to
a lack of mechanism understanding, and mistrust. The
cumulative variance of 0.74 for our 6 factorsis considered very
good since this study is behavioral, as noted by Williams et al
[55].

Implications

The themes we identified using web-based reviews, GPT-40
mini model, and factor analysis show strong alignment with
global patterns identified in previous research. The systematic
review of health care quality literature by Ferreira et a [59]
revealed similar priorities in patient satisfaction assessment.
Their analysis showed medical care appearing in 34% of studies,
communication in 31%, doctor’'s characteristics in 28%,
accommodations in 23%, admission and discharge in 13%,
nurse characteristics in 11%, appointment in 8%, environment
in 8%, medical expenditurein 8%, and organizationin 8%. The
prominence of service quality and communication factors in
our analysis mirrors these global patterns, though with some
notable differences. For instance, our findings suggest a higher
emphasis on appointment and waiting time issues in the
Malaysian private health care context.

Thehigh rediability of Service and Communication Effectiveness
(a=0.97), coupled with strong factor loadings (0.51-1.00),
demonstrates how tightly interconnected communication and
servicequality arein health care delivery. The strong correlation
between communication issues and staff responsiveness (r=0.78)
suggests that these aspects cannot be effectively addressed in
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isolation. Thisalignswith previousfindings about the integrated
nature of health care service quality (Ferreiraet a [59]).

The emergence of distinct factors for both operational aspects
(Appointment and Patient Flow, a=0.89) and support services
(Financial and Insurance Management, 0=0.88) indicates that
patient satisfaction in private hospitals extends beyond clinical
care. The moderate correlation between waiting time and staff
attitude (r=0.41) reveals how operational inefficiencies can
impact interpersonal aspects of care delivery. The questionable
reliability of the Patient Rightsand Accessibility factor (a=0.61)
points to potential measurement challenges in these aress,
suggesting a need for refined assessment tools. This finding
reflects the broader challenge in heath care research of
quantifying and standardizing measurements of patient rights
and accessibility (Williams et al [55]).

Limitations

Despite providing valuable insights into patient experiences,
this study has several important limitations that should be
considered when interpreting the results. First, the reliance on
web-based reviews as the primary data source may introduce
sampling bias, asthis method potentially excludes perspectives
from patientswho arelesslikely to share feedback on web-based
review platforms, particularly older patients or those with limited
digital access. While more granular categorization could have
been achieved through human modulation, which might have
improved the specificity and interpretability of our analysis, it
alsolimitsthetrue potential of LLMs, which aretrained on vast
bodies of knowledge. Future research could compare LACA
outcomes based on codebooks entirely produced by LLMs
versus those modulated by humans.

Second, the geographical scope of this study, being limited to
private hospitalsin Selangor, Malaysia, may not fully represent
patient experiencesin other regions or health care settings. This
regional focus, while providing depth in local context, limits
the generalizability of our findings to other geographical areas
or health care systems. Third, variations in review platforms
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and user demographics could affect the comprehensiveness of
our findings. Different web-based review platforms may attract
distinct user demographics and encourage varying styles of
feedback, potentially skewing our understanding of patient
experiences[9]. Future research should addressthese limitations
by incorporating multiple data sources, expanding geographical
coverage, and considering diverse patient populationsto provide
amore comprehensive understanding of hospital quality issues.

Conclusions

This study underscores the effectiveness of LACA for
processing large-scale patient feedback, achieving high
reliability (k=0.81) between human and automated content
analysis. The identification of six distinct factors explaining
74% of the variance provides a structured framework for
understanding patient satisfaction in private hospitals.

Our findings suggest several actionable improvements for
hospital management: (1) investing in integrated staff training
programsfocusing on communication skillsand service delivery,
given the strong factor loadingsin these areas; (2) implementing
advanced appointment systemsand patient tracking technologies
to address waiting time concerns, which appeared in 29.9% of
negative reviews, and (3) devel oping integrated financial service
unitsto handlebilling, insurance, and payment issues cohesively,
addressing the high-severity impact of these issues when they
occur.

For policy makers, our results indicate the need for more
structured guidelinesin patient rights and accessibility standards.
Health care regulators might consider devel oping comprehensive
frameworks that address these aspects more systematically.
Future research should expand this analysis to other
geographical regions and health care contexts. Additionally,
investigating the long-term impact of implementing LACA on
web-based reviews could provide valuable insights into their
effectivenessfor continuous quality improvement in health care
settings.

The datasets analyzed during the factor analysis phase of this study are available in Google Drive [60]. The datasets generated
during the large language model—assi sted content analysis phase of this study are not made publicly available because they may
contain sensitive information (name of hospitals or doctor) but are available from the corresponding author upon reasonable
reguest or from public web-based review platforms at any time.
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API (application programming interface) call for detecting presence of issue(s) in an online review.
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Multimedia Appendix 2

API (application programming interface) call for induction of thematic codes from alist of 200 random reviews.
[DOCX File, 16 KB-Multimedia Appendix 2]

Multimedia Appendix 3

API (application programming interface) calls for justifying inclusion of each thematic code to develop a codebook.
[DOCX File, 16 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Sample of actual online comments and the thematic codes assigned by the large language model.
[DOCX File, 24 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Codebook for guiding content analysis.
[DOCX File, 27 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Frequency of mentions of each thematic code.
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Multimedia Appendix 7

Full list of cumulative explained variance from factor analysis.
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