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ABSTRACT

1.INTRODUCTION

The airline industry operates within an increasingly competitive
landscape, where fostering customer loyalty and generating
positive word-of-mouth (WOM) referrals are paramount for
sustained success. Service quality plays a critical role in shaping
customer experiences and subsequently influencing their
likelihood to recommend a brand. While foundational theories
like the SERVQUAL model, customer satisfaction models, and
Expectancy Disconfirmation Theory establish the link between
service quality, satisfaction, and behavioral outcomes like loyalty
and WOM, there remains a notable gap in research applying
advanced analytical techniques to dissect this relationship
specifically within the airline context.
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Traditional methods often struggle to capture the complex, non-linear
interactions between various service quality dimensions and
customer referral behavior. Recent advancements in machine
learning (ML) offer powerful tools for uncovering these intricate
patterns. This study aims to fill this gap by employing a Multi-Layer
Perceptron (MLP) neural network, a sophisticated ML algorithm, to
identify and quantify the key service quality factors that most
significantly influence brand referral among Emirates Airline
passengers. By analyzing a large dataset of customer reviews and
ratings, this research seeks to provide data-driven insights to guide
Emirates in optimizing its service strategies to enhance customer
advocacy.

2.MATERIALS AND METHODS

The study examined 2,400 unique Emirates-Airline reviews collected
from the SkyTrax platform over an 11-year span (Dec2013-—
Sep 2024). Each record contained seven input features that capture
distinct aspects of the passenger experience: Type of Traveler
(categorical), Seat Type (categorical), and five ordinal ratings on a
5-point Likert scale (Value for Money, Seat Comfort, cabin Staff Service,
Food & Beverages, Ground Service). The binary target variable,
Recommended (Yes/No), frames the problem as a classification task.
Pre-processing handled missing values with a Simplelmputer
(most-frequent strategy), encoded the two categorical variables via
OneHotEncoder, left the ordinal variables untouched, and
label-encoded the target. The cleaned data were split 80/20
(train/test) with random state=42, and 10-fold cross-validation was
applied during hyper-parameter tuning to improve robustness. Model
performance was assessed using a suite of metrics—AUC,
classification accuracy, Fl-score, precision, recall, and Matthews
Correlation Coefficient (MCC)—and learning-curve analysis confirmed
good fit and generalization. Permutation Feature Importance (PFl)
identified which input dimensions most strongly drove the
recommendation outcome, offering actionable insight for service
improvement. Finally, the MLP’s results were benchmarked against
two baseline classifiers (Decision Tree and Logistic Regression),



demonstrating the neural-network model’s relative superiority (or
highlighting any gaps) and providing a clear direction for future model
refinement or operational decision-making.

3.RESULTS AND DISCUSSION

Across all evaluation metrics the Multi-Layer Perceptron (MLP)
outperformed the baseline Decision-Tree and Logistic-Regression
models. The MLP achieved an AUC of 0.956, overall accuracy of 0.912,
F1-Score 0.912, precision 0.913, recall 0.912, and Matthews Correlation
Coefficient 0.825. Its confusion matrix showed 1,042 true-positive
recommendations and 1,148 true-negative non-recommendations, with
only 83 false positives and 127 false negatives, yielding a precision
0f 92.6 % and recall of 89.1 %. Learning-curve analysis indicated that
training and validation scores converged as the data size grew,
suggesting good generalization and minimal over-fitting. In contrast,
the Decision Tree delivered moderate results (e.g., F10.887,
MCC 0.759) and Logistic Regression, while attaining a respectable AUC
of 0.941, lagged on F1 (0.853) and MCC (0.717). The superior MLP
performance underscores its ability to capture the complex,
non-linear relationships inherent in passengers’ service-quality
perceptions and referral behavior—relationships that linear models
struggle to model. Permutation Feature Importance (PFI) identified a
clear hierarchy of drivers for the “Recommended” outcome.The
dominant factor was Value for Money (importance 0.1238), followed by
Ground Service (0.0445), Cabin Staff Service (0.03507), Seat Comfort
(0.02655), Food & Beverages (0.02314), with Seat Type (0.00441) and
Type of Traveler (0.00301) contributing minimally. These results
indicate that passengers’ perception of value is the single most critical
determinant of willingness to recommend Emirates, echoing prior
service-industry research on the primacy of value propositions.
Ground and cabin-crew interactions—core elements of reliability,
responsiveness, and assurance—are the next most influential,
suggesting that seamless check-in, baggage handling, and courteous
staff have a strong impact on advocacy. Tangible comforts (seat, food)
matter but to a lesser extent, while demographic segmentation
(traveler type, seat class) plays a negligible role in referral generation.



Consequently, Emirates should prioritize enhancing perceived value
and elevating ground- and cabin-crew service quality, as investments
in these areas are likely to generate the greatest return in positive
word-of-mouth and customer loyalty.

4.CONCLUSION

This study successfully utilized an MLP neural network to decode the
complex relationship between service quality dimensions and brand
referral among Emirates Airline passengers. The MLP model
significantly outperformed traditional methods (Decision Tree,
Logistic Regression), demonstrating the power of advanced ML in
uncovering nuanced customer behavior patterns. The Permutation
Feature Importance analysis identified a clear hierarchy of drivers,
revealing that Value For Money is the predominant factor influencing
recommendations. Ground Service and Cabin Staff Service were
identified as the second and third most important drivers, highlighting
the crucial role of operational efficiency and human interaction.
Tangible elements like comfort and food, along with passenger
demographics and seat class, showed considerably less impact on
referral propensity. These findings offer actionable insights for
Emirates: prioritizing strategies that enhance perceived value,
investing in optimizing ground operations, and focusing on
empowering and training cabin crew to deliver exceptional service are
key levers for boosting positive WOM. The study contributes
methodologically by showcasing the application of MLP and PFl in the
airline industry for gaining deeper, interpretable insights into
customer advocacy drivers. By adopting data-driven, customer-centric
strategies focused on these identified key factors, airlines like
Emirates can strengthen customer loyalty and thrive in the
competitive global market.

Keywords: Service Quality, Brand Referral, Machine Learning,
Perceived Value.
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Abstract

This study utilizes a Multilayer Perceptron (MLP) neural network
model to investigate the key service quality factors influencing
customer brand referrals for Emirates Airlines. Through the analysis of
comprehensive data derived from customer reviews and ratings, the
relative importance of various service quality dimensions in shaping
positive brand referrals has been elucidated. The MLP model
demonstrates superior performance in predicting brand referrals
compared to traditional methods such as Decision Trees and Logistic
Regression, thereby validating the effectiveness of advanced machine
learning techniques in uncovering the dynamics of customer referrals.
By identifying complex non-linear relationships, this model reveals the
interdependencies between service quality attributes and customer
behavior. Permutation feature importance analysis identifies
perceived value for money as the most significant factor, followed by
ground services and cabin crew performance as key drivers. These
insights provide actionable guidance for Emirates Airlines in
prioritizing service enhancements and strengthening customer
loyalty. The research methodology presented herein possesses
potential replicability across other service industries for identifying
the primary levers influencing customer behavior.
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2. ColumnTransformer
3. OneHotEncoder
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1. Forward Propagation
2. Backpropagation

3. Loss Function

4. Gradient Descent

5. Learning Rate
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1. Grid Search

2. ReLU (Rectified Linear Unit)
3. Tanh (Hyperbolic Tangent)

4. Sigmoid (Logistic)

5. Adaptive Moment Estimation
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1. Adaptive Gradient
2. Root Mean Square Propagation
3. Ridge Regularization
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