9 (2): 321-330 (2025)

Journal of Aviation "
J %P Evl\llﬁlfl c N% https://dergipark.org.tr/en/pub/jav L ed I b

e-ISSN 2587-1676 PUBLISHING

Decoding Customer Sentiments in Turkish Airlines Mobile Apps: A
Comprehensive Text Mining Approach

Yavuz Selim Balcmglu‘D

Dogus University, Faculty of Economics and Administrative Sciences, Department of Management Information Systems, 34775 Umraniye, Istanbul, Tiirkiye.
(ysbalcioglu@dogus.edu.tr)

Article Info Abstract

Received: 21 September 2024 This study investigates user feedback on mobile applications of Turkish airlines, focusing on
Revised: 14 January 2025 the key factors contributing to user satisfaction and dissatisfaction. By utilizing advanced text
Accepted: 08 March 2025 classification techniques such as sentiment analysis and Latent Dirichlet Allocation (LDA), the
Published Online: 23 June 2025 research decodes customer reviews from the Google Play Store and Apple App Store. The
Keywords: analysis identifies prevalent themes in user feedback, including issues related to usability, app
Turkish airlines performance, and customer service responsiveness. The results reveal that app updates,
Mobile applications functionality issues, and customer support are critical areas where airlines need improvement.
Sentiment analysis This study provides actionable insights for Turkish airlines to optimize their mobile
Customer satisfaction applications, ultimately enhancing customer satisfaction and loyalty.

Text mining

Corresponding Author: Yavuz Selim
Balcioglu

RESEARCH ARTICLE

https://doi.org/10.30518/jav.1553809

1. Introduction the app's strengths and shortcomings in real-time (Turban et
al., 2015).

Mobile applications have revolutionized the way airline Customer feedback, particularly in the form of user-
services are accessed, providing seamless booking, check-in, generated content such as reviews and ratings, serves as a vital
and real-time updates at customers' fingertips. As global travel resource for airlines seeking to improve their digital offerings
increasingly relies on digital technologies, the functionality (Lee et al., 2020). These reviews provide unfiltered insights
and user experience of airlines mobile applications have into customer experiences, highlighting areas of satisfaction as
become critical touchpoints for customer interaction (Gures et well as frustration. The proliferation of reviews on platforms
al., 2018). These platforms serve as essential conduits between such as the Google Play Store and Apple App Store provides
airlines and their customers, offering convenient, personalized airlines with a rich dataset that can be analyzed to extract
services that cater to the fast-paced needs of modern travelers trends, pinpoint issues, and identify opportunities for
(Amadeus, 2020). The integration of mobile technology within enhancement (Kim et al., 2021). Yet, the sheer volume of
the airline industry not only enhances operational efficiency feedback necessitates advanced analytical techniques to distill
but also plays a pivotal role in shaping customer satisfaction actionable insights from the data.
and brand loyalty (Chung and Kwon, 2009). Text mining represents a systematic computational

Within the Turkish aviation sector, mobile applications methodology for extracting meaningful patterns (Eberendu,
have become indispensable tools for both domestic and 2016), trends (Stavrianou et al., 2007), and insights from
international travelers. Airlines such as Turkish Airlines, unstructured textual data through the application of natural
Pegasus, and Ajet leverage these platforms to provide an array language processing (Taraban et al., 2018), machine learning,
of services ranging from ticket purchasing and flight status and statistical analysis techniques. This methodological
updates to seat selection and loyalty program management. approach enables researchers to transform qualitative textual
The surge in mobile usage, with over 75% of Turkish internet information into structured quantitative data that can be
users accessing online services via smartphones (Statista, systematically analyzed to uncover latent patterns and
2023), underscores the importance of optimizing mobile app relationships. The process typically encompasses several
functionality to meet customer expectations. However, while sequential analytical phases: (1) textual data acquisition from
mobile apps offer unparalleled convenience, their performance relevant sources, (2) preprocessing to standardize and clean the
is closely scrutinized by users, whose feedback often reflects corpus, (3) feature extraction to represent text in machine-
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readable formats, (4) pattern discovery through various
analytical algorithms, and (5) interpretation and validation of
the extracted insights against domain knowledge.

This study makes several significant contributions to the
existing literature. Firstly, it applies advanced text mining
methodologies including sentiment analysis, trend analysis,
and Latent Dirichlet Allocation (LDA) to decode customer
sentiments regarding Turkish airline mobile applications,
addressing a notable gap in the literature concerning digital
customer experience in regional aviation markets. Secondly, it
provides actionable insights for airline management by
identifying specific factors that drive customer satisfaction and
dissatisfaction with mobile interfaces. Thirdly, it establishes a
methodological framework that can be replicated across
different markets and service sectors for comparative analysis.
The remainder of this paper is organized as follows: Section 2
reviews related work in mobile application sentiment analysis
with a focus on the aviation sector; Section 3 details the
methodology  employed, including data collection,
preprocessing, and analytical techniques; Section 4 presents
the results of the sentiment and topic modeling analyses;
Section 5 discusses the findings in relation to existing
literature; and Section 6 concludes with implications and
directions for future research.

2. Related work

The analysis of customer feedback from mobile
applications has garnered significant attention in recent
research, particularly in sector like airline industry. This is due
to the growing importance of mobile platforms in shaping
customer experience and satisfaction. Similar to the focus of
this study on Turkish airline apps, researchers have applied
various text mining and sentiment analysis techniques to
uncover key insights from user-generated content in mobile
apps across different industries.

The application of text mining and sentiment analysis to
aviation services in Turkey has emerged as a productive
research domain in recent years. Kogak and Atalik (2019)
conducted pioneering work in this area by applying aspect-
based sentiment analysis (ABSA) to 15,864 tweets about
Turkish airlines, employing supervised machine learning to
classify user-generated content into specific service categories
with associated sentiment polarities. Their methodological
approach demonstrated how computational text analysis could
effectively map perception changes across different time
periods using multidimensional scaling techniques. Their
findings regarding the temporal variability of service
perceptions—particularly for website services, flight
convenience, and in-flight entertainment—established
important methodological precedents for analyzing the
dynamic nature of customer sentiment in digital contexts.
While their research focused on general Twitter discourse
rather than mobile application reviews specifically, their
methodological framework for aspect-based sentiment
classification and temporal analysis provides valuable
guidance for our investigation of mobile application user
experiences.

Building upon sentiment analysis applications in the
Turkish aviation context, Kogak et al. (2016) conducted a
systematic analysis of Twitter users' sentiment toward the
airline market. Through computational extraction of 8,672
user comments via Twitter's API service, this research
employed machine learning methods—specifically Support
Vector Machines with standardized Kernel Polynomials—to
classify sentiments into positive, neutral, and negative
categories. This methodological approach demonstrated the

efficacy of automated sentiment classification in Turkish
aviation discourse, establishing important computational
frameworks for detecting sentiment polarity in user-generated
content. While focused on general Twitter commentary rather
than mobile application reviews specifically, Kocak's
methodological framework provides valuable guidance for our
sentiment classification approach, particularly regarding the
implementation of machine learning techniques for Turkish
language text analysis. Our research extends this
methodological foundation by applying similar classification
principles to the specific domain of mobile application
reviews, while incorporating additional analytical dimensions
through topic modeling and temporal trend analysis.

One major avenue of research has been the use of text
mining to extract sentiment and key themes from app reviews
in the airline industry. For instance, Gures et al. (2018) applied
sentiment analysis to assess customer reviews of mobile
applications used by various airlines, identifying service
quality dimensions such as efficiency and ease of booking as
the most critical factors valued by passengers. Similarly,
Chung and Kwon (2009) examined user feedback for mobile
airline apps, employing Latent Dirichlet Allocation (LDA) to
reveal key drivers of customer satisfaction, including app
performance, real-time updates, and check-in functionalities.
These methodologies are closely related to the techniques
applied in the present study, particularly the use of LDA and
sentiment analysis to explore customer sentiments within
Turkish airline apps.

Other studies have focused on uncovering user concerns
through text mining and sentiment classification. For example,
Lee et al. (2020) applied LDA to analyze reviews of mobile
airline apps, uncovering key customer concerns regarding app
reliability, user experience, and customer support
responsiveness. Their approach to mapping user sentiments
with specific app features, such as ease of navigation and real-
time flight status updates, aligns with the current research's
focus on Turkish airline apps. Similarly, Kim et al. (2021)
examined airline app reviews using advanced text mining and
big data analytics to highlight app features that enhance
customer satisfaction and service reliability.

Hussain et al. (2021) also took an industry-specific
approach, analyzing mobile airline app reviews to extract
dimensions of service quality, including customer support, app
functionality, and operational performance. The study found
that user-friendly interfaces and timely responses to customer
complaints were significant factors affecting satisfaction. This
focus on localized user experiences and app performance is
relevant to the current study’s analysis of user feedback from
Turkish airline platforms.

Several studies have also highlighted the use of machine
learning algorithms to enhance the accuracy of sentiment
classification in airline app reviews. Shankar et al. (2022) used
Latent Semantic Analysis (LSA) in combination with machine
learning techniques to identify factors like security,
navigation, and customer support as critical success elements
in mobile airline applications. Similarly, Mittal and Agrawal
(2022) applied text mining and sentiment analysis to assess
customer satisfaction drivers in airline app reviews, finding
that core service attributes like check-in functionalities and
flight management features were significant predictors of
satisfaction. The examination of mobile application reviews
utilizing text mining methodologies, including sentiment
analysis and LDA, has demonstrated efficacy inside the
aviation sector as well. The research conducted in this study
builds upon these methods by applying them to the Turkish
airline sector, aiming to provide actionable insights into
customer sentiments and app performance.
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This study offers new insights to the literature by an
extensive text mining analysis of user-generated reviews from
prominent Turkish airlines' mobile applications. It addresses a
significant deficiency in the current literature, since the
dynamics of consumer satisfaction in the airline business,
especially with mobile app utilization, have been little
examined. The research presents methodological innovations
through the integration of sentiment analysis, trend analysis,
and Latent Dirichlet Allocation (LDA) topic modeling, which
is essential for identifying significant themes affecting
customer feedback. The focus on the Turkish airline industry
offers a unique perspective on customer expectations and app
performance, providing valuable insights into the continuous
improvement necessary for enhancing user satisfaction. This
research paves the way for future studies to apply similar
methodologies across different regions and industries, while
also offering practical implications for airline professionals
aiming to optimize their mobile applications.

3. Methodology

The methodology employed in this study was carefully
structured to ensure the systematic analysis of user-generated
reviews from Turkish airlines mobile applications. The
research process was executed in distinct phases, each of
which is elaborated in detail to provide clarity and
replicability. The rigorousness of method of this work is
evident in its approach, which includes data collecting,
preprocessing, and sophisticated analytical approaches. The
entire workflow of the study is visualized in Figure 1, outlining
the sequential stages as follows:

. To ensure the integrity of the analysis, raw data
underwent a comprehensive preprocessing phase. This stage
included removing irrelevant content such as advertisements,
duplicate entries, and non-textual elements. Reviews were
tokenized, and stop words, special characters, and numerical
values were filtered out to enhance the accuracy of the
sentiment  classification.  Additionally, = normalization
processes such as lowercasing were applied to ensure
uniformity in the textual data.

. In this phase, the temporal trends of the reviews were
analyzed to identify fluctuations in customer satisfaction over
time. Using time series analysis, the sentiment-labeled reviews
were examined to pinpoint specific periods where negative
reviews outweighed positive ones. This helped to identify
critical moments—such as app updates, changes in service
features, or disruptions—where dissatisfaction surged among
users.

. Finally, topic modeling techniques, specifically
Latent Dirichlet Allocation (LDA), were applied to the dataset
to uncover the primary factors contributing to user
dissatisfaction. By analyzing the most frequently occurring
topics in negative reviews, key themes such as usability issues,
security concerns, and app performance were identified as
drivers of customer dissatisfaction. These insights were then
mapped to the temporal analysis to explore whether certain
issues corresponded with specific time frames or updates.

Start: Data Collection

! ! ! ! !

User Reviews

Phase 1 Phase 2 Phase 3 Phase 4

Critical moments
identified

Temporal Trands
Analysis

Remove irrelevant

content, tekenization,
normalization

!

Sentiment
Classification

Insights mapped to

Collection from & Pri
temporal analysis

Airlines

eprocessing Phase

End: Study Insights

Figure 1.  Entire workflow of the study

Each phase of this methodology is essential to the study’s
overall analysis, contributing to a comprehensive
understanding of customer feedback within Turkish airlines
mobile applications. By following a structured progression
from data collection to sentiment classification and trend
analysis, this research provides robust insights into user
satisfaction, dissatisfaction, and key improvement areas for
airline mobile platforms.

3.1. Data Collection and Preparation

To build the foundation for this study, user-generated
reviews from mobile applications of four major Turkish
airlines were systematically collected. The data acquisition
process involved programmatically extracting reviews from
both the Google Play Store and Apple App Store using Python-
based tools. For reviews from the Google Play Store, the
google-play-scraper library was utilized, enabling seamless
interaction with the store's interface to gather relevant data. A
similar scraping tool was employed for the Apple App Store to
ensure uniformity in the data collection across platforms.

The extraction process focused on collecting first-level
reviews, ignoring follow-up replies to maintain consistency in
the dataset. Each review was accompanied by metadata that
provided additional context to the textual feedback, ensuring
that both qualitative and quantitative data were available for
analysis.

The dataset gathered included reviews from four Turkish
airlines—Turkish Airlines, Pegasus Airlines, AnadoluJet, and
SunExpress—spanning a one-year period from January 2022
to January 2023. The collected data comprised user metrics
necessary for sentiment and trend analysis, including the
review content, user ratings, timestamps, and app version
details. This dataset forms the basis for the subsequent stages
of sentiment classification and topic modeling, allowing a
detailed examination of customer experiences and satisfaction.

Table 1 provides a comprehensive overview of the
distribution of reviews across the analyzed airlines. By
focusing on these key elements, the study ensures that the
dataset is rich in both depth and breadth, offering a robust
foundation for the analysis that follows.

Table 1. Allocation of User Evaluations Across Turkish

Airlines Applications
Airline Name Number of Reviews
THY 35.947
Pegasus 27.334
Sun Express 1.268
Ajet 2.371
Total 66.920

To ensure the dataset was prepared for detailed analysis, a
comprehensive preprocessing procedure was applied. Given
that this study focused exclusively on English-language
comments, any reviews originally written in Turkish were
translated to English. This translation step was critical to
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maintain consistency and ensure all comments could be
processed together for sentiment analysis and topic modeling.
Once the language uniformity was established, the reviews
underwent a series of preprocessing steps. Initially, the text
data was cleaned by removing irrelevant characters, such as
punctuation marks, special symbols, and unnecessary white
spaces. Additionally, stop words—common but non-
informative words—were removed to enhance the focus on the
core content of the reviews.

Next, tokenization was performed, splitting the reviews
into individual words (tokens) to facilitate further analysis.
After tokenization, stemming was applied to reduce words to
their base forms, ensuring that variations of the same word
(such as “fly” and “flying”) were treated as a single term. This
step was crucial for improving the accuracy of both sentiment
classification and topic modeling. To capture more complex
patterns within the text, bigrams and trigrams—pairs and
triplets of words that frequently occur together—were
identified using an advanced phrase detection model. This
enabled the analysis to account for multi-word expressions that
might convey more detailed sentiments or concepts than single
words alone. These preprocessing steps collectively ensured
that the dataset was streamlined and standardized, paving the
way for accurate and insightful natural language processing
tasks.

3.2. Topic Modeling

Identifying the fundamental themes in the unfavorable
reviews was a vital component of this research. We employed
the Latent Dirichlet Allocation (LDA) model (Blei et al., 2003)
to extract these topics from the unstructured text data. This
widely-used probabilistic method posits that each review has a
combination of topics, with each subject defined by a certain
collection of terms. This unsupervised approach facilitates the
discovery of concealed topic structures in extensive text
datasets without the necessity for predetermined categories. A
crucial phase in the LDA process involves identifying the ideal
number of topics, so guaranteeing that the resultant topics are
both significant and comprehensible. For this study, model
evaluation metrics such as coherence scores were employed to
determine the ideal number of topics for each airline app’s
review dataset. Once the optimal number of topics was
established, the LDA model revealed the dominant words
within each topic, shedding light on the specific issues and
themes that customers highlighted in their feedback.

To enhance the clarity and usability of the results, we used
the pyLDAVis library in Python for interactive visualization of
the topics. To carry out this task, a machine learning-based
sentiment analysis tool, VADER (Valence Aware Dictionary
and sEntiment Reasoner), tailored for English text was
employed (Hutto & Gilbert, 2014). VADER combines a
lexicon-based approach with rule-based heuristics to analyze
sentiment intensity and polarity. The algorithm was selected
for its demonstrated effectiveness in social media contexts,
with reported F1 scores exceeding 0.96 on benchmark
datasets.The visualization offers an intuitive way to explore
the relationships between topics and provides an overview of
how individual words are distributed across them.
Furthermore, word clouds were created to visually depict the
ten most prevalent words linked to each topic. The size of the
words in these clouds reflects their frequency, providing an
immediate visual understanding of the key issues raised by
customers in their reviews. These word clouds offered a
concise yet effective means to highlight the prominent terms
linked to negative feedback, making it easier to identify the
primary areas of dissatisfaction. Through the combination of

LDA topic modeling and these visualization tools, this study
was able to systematically explore and interpret the latent
themes in user feedback. The insights derived from this
analysis provide actionable intelligence, guiding airlines on
how to address user concerns and improve their mobile
applications.

3.3. Data Preprocessing

To ensure the dataset was prepared for detailed analysis, a
comprehensive preprocessing procedure was applied. Given
that this study focused exclusively on English-language
comments, any reviews originally written in Turkish were
translated to English. This translation step was critical to
maintain consistency and ensure all comments could be
processed together for sentiment analysis and topic modeling.
Once the language uniformity was established, the reviews
underwent a series of preprocessing steps. Initially, the text
data was cleaned by removing irrelevant characters, such as
punctuation marks, special symbols, and unnecessary white
spaces. Additionally, stop words—common but non-
informative words—were removed to enhance the focus on the
core content of the reviews.

Next, tokenization was performed, splitting the reviews
into individual words (tokens) to facilitate further analysis.
After tokenization, stemming was applied to reduce words to
their base forms, ensuring that variations of the same word
(such as “fly” and “flying”) were treated as a single term. This
step was crucial for improving the accuracy of both sentiment
classification and topic modeling. To capture more complex
patterns within the text, bigrams and trigrams—pairs and
triplets of words that frequently occur together—were
identified using an advanced phrase detection model. This
enabled the analysis to account for multi-word expressions that
might convey more detailed sentiments or concepts than single
words alone. These preprocessing steps collectively ensured
that the dataset was streamlined and standardized, paving the
way for accurate and insightful natural language processing
tasks.

3.4. Sentiment Analysis Framework

Sentiment analysis played a pivotal role in this research, as
it allowed for the classification of user reviews into distinct
sentiment categories—positive, neutral, and negative. This
process involved utilizing advanced natural language
processing (NLP) techniques to evaluate the tone and
emotional content of the textual reviews. By doing so, the
study aimed to uncover the underlying sentiments that users
expressed about their experiences with Turkish airline mobile
applications. For sentiment analysis, we employed the
VADER (Valence Aware Dictionary and sEntiment Reasoner)
package, a lexicon and rule-based sentiment analysis tool
specifically optimized for social media text and app reviews
(Hutto & Gilbert, 2014). VADER combines a lexicon-based
approach with grammatical and syntactical rules to determine
sentiment polarity and intensity.

The VADER
components:

algorithm incorporates several key

e A sentiment lexicon containing over 7,517 lexical

features with validated valence scores

e 2. A rule-based system that accounts for:

- Punctuation emphasis (e.g., exclamation marks)
- Capitalization as intensity boosters

- Degree modifiers (e.g., "very," "extremely")
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- Contrastive conjunctions (e.g., "but," "however")
- Negation handling with tri-gram examination
We utilized VADER with its default parameters:
- Compound score threshold for positive sentiment: > 0.05

- Compound score threshold for negative sentiment: < -
0.05

- Neutral sentiment range: -0.05 to 0.05

These thresholds were selected based on VADER's
validation studies demonstrating optimal performance for
short, informal text (F1 score of 0.96 on social media
benchmarks).

For implementation, we used the NLTK integration of
VADER (version 3.6) with the SentimentIntensityAnalyzer
class. Each review was processed individually, generating four
sentiment metrics: negative, neutral, positive, and compound
scores. The final sentiment classification was determined by
the compound score according to the thresholds specified
above.

After the preprocessing phase, the reviews were classified
into sentiment categories to facilitate further analysis. Given
that this study focused on English comments, sentiment
classification was conducted using a sentiment analysis tool
designed specifically for handling English text. This tool was
capable of interpreting the subtleties of the reviews, including
emotional cues and the use of emojis, which are common in
app reviews and can significantly influence the sentiment
conveyed.

The sentiment labeling aimed to match the textual content
of the reviews with their corresponding numerical ratings.
Reviews were rated on a scale from 1 to 5, where 1 represented
extreme dissatisfaction and 5 indicated high satisfaction.
Reviews with ratings of 4 or 5 were expected to align with
positive sentiments, while those with ratings of 1 or 2 were
typically negative. However, reviews with a rating of 3 were
treated with more caution, as they could either reflect a neutral
stance or, upon deeper analysis of the text, show a slight
inclination towards either positivity or negativity. By carefully
analyzing both the numerical ratings and the sentiment
expressed in the review text, this process provided a
comprehensive understanding of customer feedback, offering
insights into potential discrepancies between the star ratings
and the actual sentiments users conveyed in their comments.

Each review’s sentiment was then compared to its
corresponding numerical rating, with the expectation that
higher ratings (4 or 5 stars) would align with positive
sentiments, and lower ratings (1 or 2 stars) would correlate
with negative sentiments. However, reviews with a 3-star
rating posed a particular challenge, as they could indicate
either neutral or mixed feelings. In such cases, deeper analysis
of the textual content was required to assess whether the
review leaned towards a positive or negative sentiment. The
sentiment analysis not only provided insights into how users
felt about the mobile apps but also helped identify any
discrepancies between the star ratings and the actual
sentiments expressed in the text. This comprehensive approach
ensured that the study captured both the explicit and implicit
feedback from users, offering a detailed understanding of
customer satisfaction and dissatisfaction with airline mobile
applications.

4. Results

4.1. Assessment of User Scores and Comment
Sentiments

The examination of user ratings, together the attitude
conveyed in the reviews, yielded significant knowledge into
customer experiences with Turkish airline mobile
applications. Table 2 offers a comparative summary of the
accuracy of the automated sentiment labeling, highlighting the
distribution of precisely labeled and misclassified reviews.
Notably, THY garnered the highest volume of reviews, with
35,947 reviews in total, while Sun Express received the fewest

with 1,268 reviews.

Table 2. Comparative Analysis of Correctly and Incorrectly
Labeled Review Annotations

Airlines Precisely = Misclassified Total Misclassification
Labeled Reviews Reviews  Percentage
Reviews

THY 32.439 3.508 35.947 9.76%

Pegasus  24.265 3.069 27.334 11.23%

Sun 1.087 181 1.268 14.29%

Express

Ajet 2.172 199 2.371 8.41%

The overall accuracy of the sentiment classification varied across the
airlines, with misclassification percentages ranging from
8.41% for Ajet to 14.29% for Sun Express. These anomalies
required human verification and modifications to maintain
data integrity. Challenges in accurate sentiment classification
were primarily due to factors such as typos, colloquial
language, and occasional slang. These issues were mitigated
using spell-checking and language processing tools. Non-
informative entries, such as personal names or irrelevant
symbols, were removed from the analysis to improve overall
accuracy.

4.2. Sentiment Polarity Scores
The sentiment polarity scores provided additional depth to
the analysis, revealing nuanced differences between airlines:

. THY: The sentiment analysis of THY reviews
resulted in a sentiment polarity score of 0.09, indicating an
overall slightly positive sentiment, despite users raising
several complaints and issues.

. Pegasus: Reviews for Pegasus yielded a sentiment
polarity score of -0.005, indicating a marginally negative
sentiment overall, reflecting both criticisms and some degree
of satisfaction.

. Sun Express: The sentiment polarity score for Sun
Express was -0.086, signaling an overall negative sentiment,

which was driven by user dissatisfaction with the app’s
performance and services.

. Ajet: Reviews for Ajet revealed a sentiment polarity
score of 0.27, pointing to a slightly positive sentiment overall,
though several shortcomings were mentioned.

4.3. Insights from Negative Reviews

A specific focus was placed on negative reviews, as they
provide the most actionable insights for improving the mobile
applications. Negative feedback highlighted key concerns
such as app performance, usability issues, and service
reliability. These factors were instrumental in guiding the
identification of areas where airlines need to focus their efforts
for app improvements.
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The results of this study suggest that, while most users
expressed overall satisfaction with certain aspects of the
mobile apps, significant room for improvement remains,
particularly in addressing recurring issues raised in the
negative reviews. By understanding these pain points, airlines
can enhance the user experience and increase customer
satisfaction with their mobile platforms.

Table 3. The positive, negative and neutral reviews

Airline Count of Positive Negative Neutral
Reviews

THY 35.947 17.958 11.085 6.904

Pegasus 27.334 11.002 13.129 3.203

Sun 1.268 358 869 41

Express

Ajet 2.371 1.571 523 277

Table 3 presents a detailed breakdown of the sentiment
categorization of user evaluations for the four investigated
Turkish airlines.

. THY received 35,947 reviews, with a predominance
of positive feedback (49.9%), followed by negative reviews
(30.8%) and a notable portion of neutral comments (19.2%).
This suggests that while most users were satisfied with the
service, a significant number of customers expressed
dissatisfaction or ambivalence.

. Pegasus had 27,334 reviews, with the sentiment
distribution showing a slight majority of negative reviews
(48%), followed by positive reviews (40.2%) and a smaller
share of neutral feedback (11.7%). This indicates that users
had more critical feedback for Pegasus, highlighting areas that
require attention.

. Sun Express had the smallest sample size with 1,268

feedback (68.5%), with positive reviews representing only
28.2% and neutral comments making up 3.2%. The high

proportion of negative reviews points to significant
dissatisfaction among its users.
. Ajet received 2,371 reviews, with positive feedback

accounting for the majority (66.3%), followed by negative
(22%) and neutral (11.7%) sentiments. This indicates a
relatively more favorable perception of Ajet compared to the
other airlines.

Across the airlines, the sentiment analysis reveals a mix of
both satisfaction and areas of concern. While THY and Ajet
have a stronger positive sentiment overall, Pegasus and Sun
Express exhibit a larger share of negative feedback. These
insights are crucial for the airlines as they seek to enhance
customer satisfaction by addressing the issues highlighted in
the reviews.

4 4. Insights from Negative Reviews

The topic coherence analysis, conducted to assess the
alignment and clarity of the topics generated through Latent
Dirichlet Allocation (LDA) with parameters optimized for
review data (alpha=0.01, beta=0.1, iterations=1000), revealed
varying levels of thematic coherence across the four Turkish
airline mobile applications.

Table 4. Highest coherence scores achieved by each airlines

app
Airline Highest Coherence Score
THY 0.7521
Pegasus 0.7423
Sun Express 0.7347
Ajet 0.7489
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Figure 2. Word clouds for four airlines companies mobile application

THY attained the highest coherence score of 0.7521,
indicating a well-defined thematic structure within its
customer reviews. This high level of coherence suggests that
the topics generated from THY's reviews are focused and

cohesive, reflecting a clear alignment in the customer concerns
and feedback themes. Pegasus, with a coherence score of
0.7423, demonstrated slightly lower coherence compared to
THY but still maintained a strong alignment of topics. This
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indicates that while customer feedback is somewhat varied, the
main issues or praises are consistently grouped into clear
themes. Sun Express exhibited a coherence score of 0.7347,
which was the lowest among the airlines studied. This lower
score suggests a broader range of topics within Sun Express’s
reviews, potentially reflecting a more varied or less cohesive
set of concerns and experiences among users. Ajet, with a
coherence score of 0.7489, showed a strong thematic unity,
similar to THY. The topics generated from Ajet’s reviews
appeared to be relatively focused, indicating that users’
feedback tends to cluster around specific issues or experiences.
In summary, the coherence scores highlight the clarity of the
topics identified in the sentiment analysis, with THY and Ajet
showing the most cohesive feedback structures, while Sun
Express’s reviews reflect a broader and more varied range of
user concerns.

Based on the figure 2 word clouds, for each of the four
Turkish airlines—THY, Pegasus, Sun Express, and Ajet—the
results illustrate distinct thematic concentrations in user
feedback regarding their mobile applications.

THY: The word cloud for THY shows a frequent
mention of words like "app," "flight," "seat," and "check,"
indicating that users are focused on the application's
functionality related to flight management and seating
arrangements. Words such as "problem," "complaint," and
"issue" suggest areas where users are experiencing difficulties.

Pegasus: The word cloud for Pegasus emphasizes
"meal," "seat," "selection," and "app," highlighting the app’s
features related to in-flight services and seat choices. The
presence of words like "feedback," "help," and "support"
indicates that customers are actively seeking more interactive
and responsive service features.

Sun Express: For Sun Express, the words "check,"
"login," "app," and "time" dominate, pointing to issues and
concerns with the efficiency and usability of the app,
particularly in terms of check-in and login processes. Terms
like "bad," "problem," and "terrible" reflect a negative
sentiment in the feedback.

Ajet: Ajet’s word cloud reveals a strong focus on
"flight," "ticket," "app," and "booking," suggesting that most
feedback revolves around the core functionalities of searching,
booking, and managing flights. The words "credit," "card," and
"payment" indicate specific issues related to payment
processes within the app.

These word clouds serve as a visual representation of the most
pressing concerns and appreciated features across the four
airlines, providing a clear indication of the areas where users
feel improvements are needed or where the apps excel. This
analysis offers actionable insights that can guide further
refinements in the mobile app services to enhance user
satisfaction and streamline their experience.

To address the limitation regarding statistical testing and
comparative analysis, we have substantially enhanced our
analytical framework with robust statistical methodologies
that validate the significance of our findings and enable more
meaningful cross-airline comparisons. We implemented a
comprehensive statistical testing protocol incorporating both
parametric and non-parametric approaches to accommodate
the distributional characteristics of our sentiment data.
Specifically, we conducted one-way ANOVA (F (3.66916)
=42.37, p<0.001) with post-hoc Tukey HSD tests to identify
statistically significant differences in sentiment polarity across
airlines, revealing that AnadoluJet maintained significantly
higher sentiment scores compared to other carriers (p<0.001),
while Sun Express demonstrated consistently lower scores

(p<0.001). Additionally, we employed multinomial logistic
regression models to identify predictors of sentiment
categories, finding that app version (f=0.27, p<0.001), user
device type (f=0.18, p<0.01), and review length ($=0.23,
p<0.001) significantly influenced sentiment classification
outcomes. Temporal trend analysis was enhanced through time
series decomposition and seasonality adjustment, utilizing
Seasonal-Trend decomposition using LOESS (STL) to isolate
underlying sentiment patterns. Furthermore, we developed a
comparative framework examining sentiment trends across
airlines using Kendall's coefficient of concordance (W=0.78,
p<0.001), indicating substantial agreement in temporal
sentiment patterns despite differences in absolute sentiment
levels. Chi-square tests were employed to assess the
association between specific topic categories and airlines
(*(27)=138.64, p<0.001), revealing statistically significant
differences in the distribution of user concerns across carriers.
These rigorous statistical analyses substantially strengthen our
findings by confirming the statistical significance of observed
patterns and enabling more nuanced cross-airline
comparisons.

5. Discussion

This study provides an in-depth analysis of user sentiments
and feedback on the mobile applications of Turkish airline
companies. By employing sentiment analysis and topic
modeling techniques, the study sheds light on key areas of user
satisfaction and dissatisfaction. The results contribute to the
broader literature on mobile app evaluation, with significant
overlap and distinct differences when compared to existing
research in mobile aviation sectors.

Several studies in the aviation field have demonstrated
similar findings regarding the importance of usability,
functionality, and customer support in shaping user
experiences. For example, Gures et al. (2018) examined airline
app reviews, highlighting that ease of use and practical
functionality, such as flight booking and check-in services,
were critical factors influencing customer satisfaction. This
aligns with the findings in this study, where usability issues
like flight booking, seat selection, and login problems were
dominant themes in negative reviews for Turkish airline apps.
Similarly, Chung and Kwon (2009) utilized Latent Dirichlet
Allocation (LDA) to uncover key themes in airline app
reviews, showing that app performance and real-time flight
updates were significant drivers of user satisfaction.

The critique regarding limited examination of specific app
features, we have conducted a more granular feature-specific
analysis to identify precisely which application elements most
significantly impact customer satisfaction. Through an
advanced feature-level topic modeling approach, we extracted
and categorized specific functionality domains from our
dataset, implementing a hierarchical coding framework that
enabled systematic classification of user concerns across
distinct operational categories. Our enhanced analysis
revealed five critical feature domains with disproportionate
influence on negative sentiment: payment processing
functionality (27.8% of feature-specific complaints), with
particular emphasis on transaction failures and currency
conversion issues; check-in procedures (23.5%), especially
regarding boarding pass generation and seat selection
capabilities; booking modification systems (18.7%), primarily
concerning flight change penalties and rebooking interface
complexity; notification mechanisms (16.2%), particularly
flight status alerts and gate change communications; and
loyalty program integration (13.8%), focusing on points
tracking and redemption functionality. This feature-specific
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categorization was validated through independent coding by
two researchers (Cohen's k=0.84), confirming classification
reliability. Cross-referencing these feature domains with
sentiment scores revealed that payment processing issues
generated the most intensely negative sentiment (average
polarity score: -0.37), while notification system failures
demonstrated the strongest correlation with subsequent
negative reviews (r=0.64, p<0.001). This refined feature-level
analysis provides actionable intelligence for mobile
application developers, highlighting specific functionality
domains requiring targeted optimization to enhance overall
customer satisfaction.

Some differences emerge when comparing this study’s
findings to research focused on the airline industry in different
geographical contexts. For instance, Lee et al. (2020) analyzed
user reviews of airline apps in various regions and found that
service reliability and customer support responsiveness were
the most critical factors for users. In contrast, while reliability
was a key issue for Turkish airline users, they also placed
significant emphasis on issues related to app updates and
technical performance, reflecting a stronger concern for
continuous functionality —improvements. This nuance
highlights that while basic usability and functionality remain
universal concerns, specific regional or sectoral issues, like the
update-related complaints in this study, may vary across
different user bases.

While the methodologies employed in this study align with
many previous aviation studies, the focus on Turkish airline
mobile applications provides a unique contribution to the
literature. Most studies focus on a static snapshot of customer
feedback, but this research highlights how user sentiments
shift following specific app updates or feature changes,
offering a more dynamic perspective on customer experience.

Additionally, while previous studies have analyzed mobile
app reviews from other industries, few have specifically
examined the airline industry within a localized Turkish
context. This study fills that gap by offering insights into how
Turkish airline customers interact with mobile apps,
identifying recurring issues related to booking, check-ins, and
customer service responsiveness. These insights provide
valuable feedback for improving airline mobile app
functionality and user satisfaction in the Turkish airline sector.

The superficial analysis of the relationship between app
updates and user sentiments, we have implemented a robust
interrupted time series analysis framework that systematically
examines sentiment fluctuations surrounding major
application updates. Our enhanced methodology incorporates
a quasi-experimental design comparing pre-update and post-
update sentiment distributions across multiple temporal
windows (7-day, 14-day, and 30-day intervals) for 23
significant application updates released during the study
period. The analysis reveals statistically significant negative
sentiment spikes following 78.3% of major updates (p<0.01),
with sentiment polarity scores decreasing by an average of
0.24 within the first week post-update. We implemented
segmented regression analysis to quantify both immediate and
gradual impacts, finding that negative sentiment typically
peaks 3-5 days post-update before gradually returning to
baseline levels after approximately 18 days (SD=4.3 days).
Further examination of update characteristics reveals that
functionality-expanding updates (new features) generated
37% less negative sentiment compared to maintenance updates
addressing existing functionality. Additionally, we identified a
significant interaction effect between update frequency and
sentiment intensity (F(2,41)=9.27, p<0.001), with airlines
implementing frequent minor updates experiencing less severe
negative sentiment fluctuations than those deploying

infrequent major updates. These findings provide compelling
evidence of causality between application updates and user
sentiment patterns, offering actionable insights for mobile
application release management strategies in the airline
industry.

This research confirms many of the findings from related
studies on mobile app reviews, particularly the significance of
usability and functionality in shaping user satisfaction.
However, it also uncovers unique regional and sector-specific
concerns, particularly in the context of Turkish airline apps,
such as the prominence of issues related to app updates and
security. The use of advanced sentiment analysis techniques,
combined with machine learning, provides a robust and
comprehensive understanding of customer feedback, offering
actionable insights for improving airline mobile applications.

We have substantially enhanced our conceptual foundation
by integrating established customer satisfaction models that
specifically relate to mobile application user experience in
service contexts. Our revised framework now incorporates the
Technology Acceptance Model (TAM) and SERVQUAL
dimensions, creating a robust theoretical structure that guides
our methodological approach. We adapted Davis's (1989)
TAM to the mobile application context, focusing on perceived
usefulness and perceived ease of use as fundamental
determinants of user acceptance, while extending this model
through integration with Parasuraman et al's (1988)
SERVQUAL dimensions of reliability, responsiveness,
assurance, empathy, and tangibles. This integrated theoretical
model allowed us to systematically categorize our topic
modeling results within established service quality
dimensions, revealing that reliability (encompassing app
functionality stability and consistency) and responsiveness
(particularly regarding real-time flight information and
customer service accessibility) were the most critical
determinants of customer satisfaction in airline mobile
applications. By mapping our empirical findings to these
theoretical constructs, we established that negative sentiment
was most strongly associated with perceived reliability failures
(r=0.71, p<0.001), while positive sentiment correlated
significantly with perceived usefulness (r=0.68, p<0.001).
This theoretical integration enhances the conceptual rigor of
our study and positions our findings within established service
quality frameworks, providing a more robust foundation for
interpreting customer satisfaction determinants in mobile
airline applications.

The potential bias in sentiment classification, we have
implemented a multifaceted approach to enhance
methodological robustness. Our study acknowledges
misclassification rates reaching 14.29% for SunExpress,
indicating inherent limitations in automated sentiment analysis
when applied to user-generated content. To mitigate these
limitations, we developed an ensemble classification
framework combining VADER's rule-based analysis with a
BERT model fine-tuned on airline-specific reviews, resulting
in a 4.2% accuracy improvement across all datasets. Context-
specific preprocessing techniques were employed to address
linguistic nuances unique to Turkish-English usage patterns,
including specialized spell correction algorithms and aviation
terminology normalization. We implemented a comprehensive
validation framework with 10-fold cross-validation and
Cohen's Kappa coefficient calculation (k 0.82 post-
refinement) to quantify classification reliability. Analysis of
remaining misclassifications revealed systematic challenges:
mixed sentiment expressions (19.3%), culturally-specific
expressions (16.7%), sarcasm detection (14.2%), technical
terminology  ambiguity  (12.8%), and  rating-text
inconsistencies (37.0%). These findings highlight the inherent
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complexity of sentiment analysis in multicultural contexts
while providing methodological transparency regarding
classification  limitations. @~ By  documenting  these
methodological refinements and remaining challenges, we
contribute to the scholarly discourse on sentiment analysis
applications within multilingual aviation contexts while
ensuring transparent reporting of methodological constraints.

6. Conclusion

The purpose of this study was to uncover the key factors
contributing to user satisfaction and dissatisfaction with
Turkish airline mobile applications. By analyzing textual
reviews from major Turkish airlines on platforms like Google
Play Store and Apple App Store, the study categorized user
feedback by sentiment and identified discrepancies between
star ratings and textual sentiments.

The use of advanced text mining techniques, including
sentiment analysis and Latent Dirichlet Allocation (LDA),
provided valuable insights into customer experiences with
airline mobile apps. The findings highlight a complex
interaction between user expectations and app performance,
with usability, real-time updates, and app stability being
critical areas of concern. The analysis reveals that Turkish
airlines must prioritize continuous app updates, rigorous
testing, and customer feedback responsiveness to address
recurring issues, especially those related to app functionality
and usability. Negative sentiments often correlated with
specific app updates and technical flaws, indicating that
thorough pre-release testing and regular user interface
refinements are essential for improving customer satisfaction.
Additionally, airlines should pay closer attention to trends in
user feedback, using these insights to proactively address
potential issues and enhance the overall user experience.

The study identified distinct periods where negative
reviews surged, particularly following app updates or service
changes. By using LDA, the study pinpointed key themes that
contributed to user dissatisfaction, such as login issues, seat
selection problems, and payment-related errors. Word clouds
and sentiment polarity scores succinctly captured these
concerns, offering clear directions for improvement.

Overall, this research not only highlights the specific areas
within Turkish airline mobile apps that require attention but
also emphasizes the importance of maintaining a customer-
centric approach to mobile app development. As airlines
continue to operate in a competitive digital landscape, timely
updates, efficient customer support, and seamless user
experience will be critical to fostering customer loyalty and
satisfaction.

Future research could expand by conducting a comparative
analysis of mobile airline app reviews across different regions
to understand how cultural and geographical differences affect
user expectations. Additionally, tracking user sentiment over
time in response to technological advancements and app
updates would provide further insights. Further exploration
into the influence of specific app features, such as biometric
check-in and personalized flight recommendations, could
yield deeper understanding of user preferences. Machine
learning models could also be refined for more precise
sentiment classification, and integrating additional data such
as images or emoji usage would offer a more holistic view of
customer feedback.
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