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Abstract

This study addresses the challenge of measuring the intricate nature of service design in the context
of online food ordering and delivery. Despite a plethora of service industry studies, a
comprehensive approach to understanding customer experience and perceptions is lacking.
Leveraging e-commerce innovations, we introduce a service blueprint for the online food delivery
industry. Through data collection, surveys, and statistical tools, key factors influencing the
business are identified. Utilizing machine learning, our methodology aids decision makers in
aligning services with customer needs. A Quality Function Deployment table is proposed to
translate these insights into service design imperatives for the decision makers.
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Introduction

The online food ordering and delivery (OFD) industry, a vibrant and rapidly evolving sector, has
become a crucial component of the modern service economy. Its growth, driven by technological
advancements and changing consumer behaviors, especially in the wake of the COVID-19
pandemic, has brought new challenges and opportunities for service design (Donthu and
Gustafsson, 2020). This industry, which intertwines complex logistics, customer interactions, and
digital platforms, exemplifies the need for innovative service design approaches.

Service design is a method that orchestrates several service elements (e.g., physical environment,
materials, and employees) in order to achieve the desired customer experiences. In the context of
OFD, service design involves the orchestration of multiple components: digital interfaces, logistics
and delivery, customer support, and the culinary experience itself. These components must be
seamlessly integrated to deliver the intended service outcome. The concept of service design,
especially in digital and e-commerce platforms, has garnered significant attention in recent years.
Contemporary service design methodologies, building upon foundational work in service
blueprinting and modelling, are now crucial for creating customer-centric experiences in digital-
first businesses (Kunneman, Alves da Motta-Filho, and van der Waa, 2022; Iriarte et al., 2023).

The complex and abstract nature of OFD service has made service design an onerous and
challenging task that is usually hard to measure. Recent literature underscores the complexity
inherent in designing services that cater to the dynamic needs of this industry. For example, Jun et
al. (2021) highlight the critical role of technology in enhancing customer experiences in food
delivery, emphasizing the need for user-friendly digital platforms. In terms of logistical efficiency
and reliability, a study by Lin et al. (2023) indicates the significant impact of food delivery speed
and accuracy on customer satisfaction. Moreover, the integration of customer feedback into service
improvement has become increasingly prominent, as noted by Holmlund et al. (2020), where the
authors emphasize the use of data analytics for understanding and responding to customer
preferences and behaviors. This need for a holistic understanding of customer experiences in the
food delivery sector is echoed by Noyes et al. (2019), who argue for a more comprehensive
approach, combining qualitative insights with quantitative data analysis.

Our research aims to bridge this gap in the context of the online food ordering and delivery industry.
We propose a novel framework that leverages the power of machine learning and Quality Function
Deployment (QFD) to dissect and reconstruct the customer experience. Employing this framework
is not only innovative but also necessary in the current landscape, where the fast-paced nature of
the food delivery industry demands a more agile and data-driven response to service design
challenges. Overall, our study addresses two critical research questions: “What are the key
customer requirements that ensure their satisfaction with online food delivery services and their
propensity to endorse these services to others?”” and “How can the concept of service design and
machine learning be applied to identify these requirements?”” To tackle these questions, we adopt
a customer-centric approach by designing and implementing a survey informed by the service
blueprint framework. Subsequently, we develop a holistic analysis, powered by advanced machine
learning algorithms, which reveals the core elements that shape customer satisfaction.
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The proposed methodology ultimately results in a Quality Function Deployment (QFD) table,
constructed from our analysis and predictive results. This QFD table is not only a theoretical
framework, but is also a practical tool for businesses to align their services with real customer
needs. As noted by industry leader Jack Ma, founder of Alibaba, “I'm not a tech guy. I'm looking
at the technology with the eyes of my customers, normal people’s eyes.” By implementing these
insights into service design, companies are poised to deliver a significantly enhanced customer
experience. This study, therefore, not only contributes to academic discourse but also offers
tangible strategies for businesses striving to excel in the competitive realm of OFD, a sector where
customer satisfaction is paramount and directly linked to business success.

Research Background

The advent of rapid internet and smartphone penetration in shopping practices has catalyzed a
transformation in the courier and delivery landscape, ushering in the era of online food delivery—
a market with a user base that exceeded 1 billion globally by the end of 2019 (Business Wire,
2020). The projected trajectory suggests a global revenue growth to 1.39 trillion USD by 2025,
marking a significant upturn from 0.36 trillion USD in 2019 (Al Amin et al., 2021). This growth
reflects a shift in consumer behavior toward convenience-driven services, a trend that has become
more pronounced in the wake of the COVID-19 pandemic.

As the pandemic redefined social norms, the food service industry grappled with unprecedented
challenges. The CDC’s guidelines recommended takeout and delivery as the safest options for
food service, encouraging restaurants to pivot swiftly to these models (Centers for Disease Control
and Prevention, 2020). This shift was not only a response to immediate health concerns, but was
also a strategic move to align the business practice with evolving consumer expectations. Research
indicates that convenience (Rathore and Chaudhary, 2018), transactional ease (Natarajan, Gupta,
and Nanda, 2019), and a broad spectrum of choices (Tandon et. al, 2021; Bir et. al, 2023) are the
primary motivators for consumers opting for OFD—a service that has seen a sharp rise in
engagement post-pandemic. Gunden, Morosan, and DeFranco (2020) examined a wide variety of
factors that motivate consumers to use OFD systems in the United States using a conceptual model.
The authors conclude that performance expectancy was the strongest predictor of intentions to use
OFD systems, followed by congruity with self-image.

A comprehensive survey conducted in the United Kingdom in March 2020 provides valuable
insights into this behavioral shift. As illustrated in Figure 1, a significant 60% of respondents aged
18-34 reported an increase in OFD, with a substantial proportion planning further increase. The
trend persists across older demographics, indicating a widespread adoption of online food ordering
in food delivery services (Statista, 2020). These data underpin the need for adaptive service design
in the OFD industry to cater to a diverse customer base with heightened expectations. As the food
delivery market continues to expand, the industry must adapt to these patterns to maintain customer
satisfaction and business growth.
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Figure 1. Percentage of the People in Different Age Groups Who Plan to Increase Their Use of
OFD Services in the United Kingdom as of March 2020 (Statista, 2020)

The OFD industry’s rapid expansion necessitates an agile service design that accommodates the
nuances of digital interaction and customer engagement. Contrary to traditional service models,
the online platform has enhanced visibility and necessitated a more complex interplay between
customer and service provider (Pal et al., 2021). With the increased expectations and reliance on
online food ordering, restaurants have been compelled to reassess how best they can adapt to the
evolving business models and improve their service operations. Because the customer stands at
the center of the service systems, achieving an effective service design in this emerging ecosystem
depends critically on understanding the customers’ perceptions and preferences (Natarajan et al.,
2019). Acknowledging the centrality of customer perception in service design, this study
endeavors to map out the service blueprint of online food ordering, assessing the end-to-end
customer experience from food browsing to after-sales services.

While existing literature, such as the work of Smith and Heriyati (2023), who examine the impact
of service quality on customer loyalty in OFD, and the study by Tandon et al. (2021), which
explores the role of customer perceptions in food delivery app usage, offer valuable insights into
consumer behavior and service delivery, a holistic analysis encompassing the complete spectrum
of OFD services is less explored. In a recent study, Hoang and Le Tan (2023) investigated the
effects of user interface design on customer ordering experiences, and Chowdhury (2023)
examined the impact of perceived convenience and security on repeat purchase intention. However,
these studies often address isolated factors within the service delivery system. In one of the
pioneering studies that incorporates multiple factors, Chan and Gao (2021) introduce a
comprehensive OFD service quality framework, referred to as DEQUAL. The framework
addresses the omni-channel feature of OFD services that encompasses both the digital and physical
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components. Using a similar approach, Cheng, Chang, and Chen (2021) propose an alternative
service quality scale for 20 key service factors with six dimensions, including reliability,
maintenance of meal quality and hygiene, assurance, security, system operation, and traceability.
In a later study, Koay, Cheah, and Chang (2022) focus on five significant service dimensions
comprising assurance, meal quality, reliability, security, and system operation. Despite the
valuable insights offered by these initial studies, they either lack a systematic framework that
delineates OFD service quality or provide exploratory approaches.

In a more recent study, Ma et al. (2024) identify key service topics (qualities) pertaining to
consumers’ OFD experiences by utilizing the advanced BERTopic machine learning algorithm. In
this regard, they developed a systematic framework that integrates aforementioned traditional
methods with data analytics modeling based on user-generated online reviews. Our paper provides
an alternative approach that can be utilized to synthesize findings from customer satisfaction
surveys and machine learning analysis into a Quality Function Deployment (QFD) framework,
thus refining service design in alignment with customer feedback. QFD is an effective tool to
translate customer requirements into measurable design targets and drive them from the assembly
level down through the sub-assembly, component, and production process levels. It provides a
defined set of matrices utilized to facilitate this progression. What makes QFD unique is its primary
focus on the customer requirements; in other words, what the customer truly wants rather than the
innovation in technology. It has a wide spectrum of application areas in many key sectors, such as
hospitality, logistics, healthcare, manufacturing, and education (Bossert 2021). In what follows,
we discuss the details of our proposed framework in the context of OFD.

Research Methodology

This study employs a comprehensive methodology to tackle the service quality assessment within
the online food ordering and delivery industry. The approach is grounded in the established
principles of service design and systems thinking, providing a structured yet flexible framework
that can accommodate the complex interplay of factors influencing customer experiences. We
initiate our exploration by developing a service blueprint, a tool that has been effectively utilized
to map out customer touchpoints and internal processes (Bitner, Ostrom, and Morgan, 2008;
Kostopoulos, Gounaris, and Boukis, 2012; Hossain, Enam, and Farhana, 2017). This visual
approach enables us to dissect the multifaceted nature of the food ordering and delivery business,
aligning with the methodology of Patricio et al. (2011), who demonstrated how service blueprints
could articulate the relationships among different service components and customer interactions.

Following the blueprint development, we designed and deployed a customer experience survey.
The survey design is primarily informed by the service blueprint and focuses on the key influential
factors identified during the blueprint development. To analyze the survey data, we have chosen a
combination of statistical tools and machine learning algorithms. Our choice of tools is
substantiated by the success of such methods in recent studies, such as one conducted by
Markoulidakis et al. (2020), where the authors extract meaningful patterns and insights from
complex customer datasets. The machine learning aspect in particular is an extension of the work
of Sharma, Kumar, and Chuah (2021), who utilized predictive analytics to identify key drivers of
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customer satisfaction in e-commerce. Integrating machine learning outcomes into a QFD table
represents a novel application, which has a proven track record in aligning service features with
customer desires, as demonstrated by Wang, Guo, and Chen (2023) in the context of service
enhancements.

The chosen methodology is in line with this study’s objective, which is to gain a comprehensive
understanding of and enhance the customer experience in the online food ordering and delivery
business. This sequential linking of the service blueprint, survey data, machine learning analysis,
and QFD creates a robust framework that ensures a thorough investigation of customer satisfaction
drivers. It also provides actionable insights for decision makers as they seek to evolve their services
in response to customer feedback.

Service Blueprint and Influential Factors

In our exploration of the online food ordering and delivery service, the customer’s journey is
mapped out through a service blueprint that begins with the digital engagement phase. The service
blueprint was initially introduced as a visual representation to map the customer process (customer
journey) against the organizational structure (Kostopoulos, Gounaris, and Boukis, 2012). The
inclusion of physical evidence and the distinction between frontstage and backstage elements were
later incorporated to shed light on the roles of service providers and customers using the service
(Hossain, Enam, and Farhana, 2017). Providing a comprehensive view of critical components in a
service process, the service blueprint guided the development of the online food ordering
experience, as illustrated in Figure 2.

A Blueprint for a Typical Food Ordering and Delivery Service

Physical Evidence Ordering Platform Design & Order Delivery Online After-Sales
(Influential Factors) Operation & Tracking Assistants Services
Customer Delivery
Journe Browses APP, Order Placement i Order Help & After-Sales
Y — — Tracking & —> . —>
Restaurants & Food & Payment i z Review Requests
i Notifications
Line of
Interaction I I
Employee S .
. Food Deli upport & Responsive
Actions - Assistance Services
Technology Platform Design Payment System
& Operation Design & Operation

Line of Visibility

Backstage l Order Preparation
Actions Platform Management & Optimization , Production &
Transportation
Line of Internal
Interaction
Support | . Assistants Team 9
Big Data Analysis, Payment System Food Safety & Training & After-Sales Service
Processes Cloud Computing Maintenance Storage Managel%leut Process & Policy
Delivery Fleet Chatbot, Social
Management Media Management

Figure 2. Service Blueprint for a Typical Online Food Ordering and Delivery Service
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In the context of OFD, customers initiate their experience by navigating through an array of
culinary options via a food ordering app or website, making critical judgments based on the
platform’s design and information. In a recent relevant study, Pal et al. (2021) investigated
university students’ satisfaction and loyalty in using online food delivery apps. They capture the
customer’s experience with the mobile apps via their attributes, including app visual design,
navigational design, and information design. Their insights resonate with the observations of Lee
et al. (2015) and Peters et al. (2016), who assert the significant influence of app attributes on
cognitive and emotional responses—factors yet to be thoroughly investigated in the domain of
online food delivery.

Expanding on this customer journey, the blueprint outlines subsequent phases, including order
placement and payment, delivery tracking, order help and review, and after-sales requests. Each
of these stages is influenced by identified factors, such as order delivery and tracking, online
assistants, and after-sales services—areas highlighted by research as crucial for customer
satisfaction (Hong et al., 2021; Wang et al., 2021; Roy Dholakia and Zhao, 2010). Our service
blueprint serves as a foundational framework, linking these influential factors with the customer
journey. It provides a clear visualization of the frontend user experience and the backend processes
supporting it, ensuring a holistic understanding of the service’s design and operation. This
integrated perspective is vital for constructing our customer survey, which delves deeper into how
these factors collectively influence the overall customer experience.

Based on this service blueprint, the four influential factors following the customer journey are
identified and discussed below.

Ordering Platform Design and Operation

Platform Appearance and Layout: The visual appeal of an online food ordering platform is a
critical determinant of customer trust and engagement. Jeannot, Jongmans, and Dampérat (2022)
highlighted the direct correlation between a website’s aesthetic appeal and user trust, underpinning
the significance of design in the digital consumer experience. Kumar, Purani, and Viswanathan
(2018) extend this understanding specifically to online food delivery platforms, demonstrating that
aesthetic design not only enhances perceived usefulness and ease of use, but also fosters user
enjoyment and loyalty. A well-crafted interface can captivate users, making the experience of
browsing menus and placing orders more enjoyable (Cheung et al., 2015). Conversely, platforms
with subpar design and poor visual appeal face user aversion due to the negative impact on user
engagement (El Said, 2015).

The layout aspect of a platform—how its content is organized and presented—is equally important.
Users expect a seamless and intuitive navigation experience that aligns well with advanced web
technologies. Modern online food ordering apps have embraced a variety of user-centric
customization features, enabling customers to tailor their browsing and ordering experience to
their personal preferences (Liu and Lin, 2020). Additionally, they offer detailed and vibrant visuals
of dishes and interactive elements, such as using various angles to illustrate food items, which help
simulate a rich and engaging selection process (Vermeir and Roose, 2020). These elements are

July 2024 71 Volume 55, Issue 2



Online Food Ordering and Delivery Journal of Food Distribution Research

crucial in building a connection with the user, ensuring that the initial digital interaction is as
compelling as the meal they intend to enjoy.

Information Quality: In the realm of online food ordering, the caliber of information presented on
platforms plays a pivotal role in shaping customer satisfaction and trust. Furthering the concepts
introduced by Chotigo and Kadono (2021), information quality on food delivery apps is evaluated
based on its accuracy, comprehensiveness, relevance, and clarity. These attributes contribute to
the perceived effectiveness of the information system, facilitating informed and confident user
decisions. The presentation of this information, as emphasized by recent studies, including the
arrangement, accessibility, and timeliness of updates, further influences user engagement and
satisfaction (Lim and Rasul, 2022).

Contemporary web and app technologies have evolved to offer personalized and multimedia-rich
content, enhancing interactivity and understanding for users (Shahbaznezhad, Dolan, and
Rashidirad, 2021). High-quality information—characterized by its completeness, detail, precision,
and reliability—becomes a cornerstone for user convenience, providing a seamless and enjoyable
experience that can significantly impact purchasing decisions. The information quality in online
food delivery apps, therefore, is not only a functional aspect, but is a strategic tool that businesses
leverage for competitive advantage (Belanche, Flavian, and Pérez-Rueda, 2020).

Web and App System Quality: According to Kwaku and Antwi (2021), the quality of an e-
commerce system is measured by the consumers’ evaluation of the website’s technical
characteristics, which include usefulness, functionality, reliability, accessibility, flexibility,
portability, integration, and interactivity. The behavioral intention of online shoppers is
significantly influenced by the “ease of use” of the app, which is consistently demonstrated to be
a crucial factor (Higgins et al., 2015). Additionally, a good online shopping web system should
save the customers’ transaction efforts and payment time. Otherwise, the customers may hesitate
to use the website’s payment system (Chen and Chang, 2023).

Security and Privacy: A customer’s intention to buy a product from the website is heavily affected
by the level of trust. Web system security and customers’ privacy have been addressed as primary
concerns among online consumers and treated as key elements for generating online trust (Flavian,
Guinaliu, and Gurrea, 2006).

Price and Promotions: It is obvious that the price of the product, shipping costs, and discounts
play a major role in driving customers to purchase online. Almost 4 out of 5 Americans say finding
a great offer or discount is always on their minds throughout the entire buying experience (Roesler,
2018).

Al (Artificial Intelligence) Food Recommendation: Although little research has been done in this
new area, web developers are using Al to help consumers choose meals based on their ordering
history and preferences. An increasing number of companies claim that this technology could
enhance customer ordering experience and boost sales (Haleem et al., 2022).
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Order Delivery and Tracking

When restaurants receive an order, they prepare meals according to the stipulations of the order.
The production process is usually invisible to customers. After the food is prepared and packaged,
it is delivered by the courier to the customer’s address. Delivery is particularly important to online
retailing where there is a temporal separation between order placement and delivery. In this stage,
distributing the right food to the right place at the right time plays a very significant role in overall
customer satisfaction and loyalty. With the help of GPS navigation and tracking systems, delivery
fleets can identify the most efficient routes and consequently improve the order on-time arrival
rate. Similarly, customers can trace their order simultaneously using their smartphones.

Additionally, the visual presentation and temperature of delivered food significantly influence
customer perceptions of quality and service excellence. Research by Zhong and Moon (2020)
indicates that customers equate the care taken in food presentation with the overall quality of the
service provided. Moreover, maintaining the appropriate food temperature from kitchen to
consumer is not only a matter of taste, but also a health consideration, reinforcing trust in the
service provider (Serhan and Serhan, 2019).

The appearance of delivery personnel also plays a pivotal role in shaping customer impressions.
The uniform is a symbol of professionalism and a visual cue of a brand’s commitment to quality
and safety. Recent studies by Meena and Kumar (2022) have shown that delivery staff attire can
significantly enhance the perceived value of the service and foster a sense of security among
customers, which are particularly salient in the context of food handling and hygiene protocols.
This extension of the service experience to include the conduct and appearance of delivery
personnel underscores the need for comprehensive service design that encompasses all aspects of
the customer journey, not just the digital interface or the food itself.

Online Assistants

In the OFD industry, online assistants play an indispensable role in enhancing customer experience
and satisfaction. These digital interfaces, encompassing a range of technologies from chatbots to
sophisticated virtual agents, are integral in providing immediate responses to customer inquiries,
offering real-time assistance, and efficiently managing feedback and complaints. The utility of
online assistants is rooted in their ability to offer personalized and contextual support, a factor that
significantly influences customer loyalty and retention. Jenneboer, Herrando, and Constantinides
(2022) highlight the effectiveness of chatbots in increasing user engagement and satisfaction by
offering quick and accurate responses to common queries. Moreover, Makarius et al. (2020)
underscore the role of virtual agents in handling complex customer service scenarios, thereby
reducing wait times and improving overall service quality. The integration of Al-driven online
assistants in the food delivery sector not only streamlines customer interaction but also contributes
to building a robust customer service framework that is crucial for sustaining competitive
advantage in this rapidly evolving industry.
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After-Sales Services

As a crucial stage within the customer service life cycle, after-sales service represents the ongoing
interaction between the service provider and the customer. The significance of after-sales services
has been substantiated as a key predictor of customer satisfaction and retention (Shokouhyar,
Shokoohyar, and Safari, 2020). The availability of after-sales services serves as an indispensable
criterion in assessing customer satisfaction and driving recommendations. Consequently, e-
commerce businesses are expected to deliver the highest level of after-sales customer service
experience.

In the context of an online food ordering company, after-sales customer service encompasses
various quality aspects, including the response time to customer inquiries, the politeness of staff,
the handling of complaints, and the procedures for managing refunds. These elements collectively
contribute to the overall after-sales experience and play a pivotal role in shaping customer
satisfaction and loyalty.

Customer Satisfaction Survey Design and Data Collection

Understanding customer satisfaction, a crucial indicator of consumer contentment post-purchase,
is essential for fostering loyalty, remedying service shortcomings, and attracting new patrons. To
gauge this factor effectively, our study employs a comprehensive customer satisfaction survey.
The survey’s design captures both transactional experiences—individual interactions with the
service—and overall satisfaction, a broader reflection of customer attitude toward the entire
product/service offering, as conceptualized by Voorhees et al. (2017). The former pertains to
discrete encounters, which are identified in our service blueprint as “Influential Factors,” while the
latter aggregates these experiences into a composite service impression, influencing the customer’s
propensity to endorse the service to others (Xu, 2021). The recommendation likelihood is another
outcome variable, indicative of recommendation intentions and future business potential. Thus,
our survey aims to dissect the determinants of customer satisfaction and their interplay with
recommendation intent. Through empirical analysis, we seek to establish the key factors that drive
consumer contentment and how they correlate with the willingness to recommend the platform,
providing actionable insights for service enhancement.

A customer satisfaction questionnaire survey is designed accordingly and conducted online. One
pre-screen question—“Have you ever ordered food online?”’—was included at the very beginning
to filter out those people who have never ordered food online. Demographic data, including gender,
age, level of education, employment status, and marital status, and consumer behavior data
including ordering platform, ordering frequency, and average expenses are collected to better
understand the social background and shopping habits of the respondents (see Survey Dimension
1-2 in Appendix A).

Considering the service blueprint and the previous discussion about influential factors, the

questionnaire divides the OFD business process into four survey dimensions (see Survey
Dimensions 3—6 in Appendix A, corresponding to the four influential factors of the service
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blueprint). Each dimension has its related sub-questions based on the discussion of influential
factors (9 questions for Dimension 3, 5 questions for Dimension 4, 1 question for Dimension 5,
and 2 questions for Dimension 6). The primary goal is to explore consumers’ actual ordering app
user experience by holistically investigating various service quality parameters, starting from the
time users interact with the apps for searching food to the after-sales service. This analysis aims to
understand the complicated relationship among perceived service quality, satisfaction, and loyalty
in using food ordering services.

Each sub-question is treated as an independent variable and is rated using a 1-5 Likert scale, with
1 indicating the lowest possible customer satisfaction level and 5 representing the highest. The
survey questions and the summary outcome are presented in Appendix A. At the end of the survey,
respondents are asked to rate their overall satisfaction (Q21) and the likelihood of recommending
the food ordering platform to others (Q22). Both questions are set as two dependent variables (see
Survey Dimension 7 in Appendix A).

The survey was conducted via a Qualtrics survey research suite—a popular cloud-based web
survey tool enabled by a globally recognized survey technology enterprise. The survey targeted
respondents who are familiar with or have used online food ordering services and delivery options
in the recent past. The responses of participants who have not used online food ordering services
and delivery were excluded from the analysis. After the survey was published, the survey platform
notified those individuals who belong to the demographic group, including participants currently
residing in the United States and those who ordered food online via email, in-app, and SMS
notifications. Each respondent’s address, demographic information, and email address had been
verified by Qualtrics before participation. These individuals were then able to take the survey after
passing the qualifying screeners to move forward to being counted as acceptable “completes.” The
respondents who finished in less than one half of the median completion time were disregarded,
because they were viewed as answering the survey in a perfunctory manner. Potential biases were
addressed through the survey design and administration process. Selection bias was mitigated by
using a random sampling technique, and response bias was minimized by ensuring anonymity.
Additionally, speeders and straight-liners were filtered out to maintain data quality. A total of 379
qualified survey samples over a 2-month period were successfully populated. This sample size
falls within the recommended range of 200 to 500 responses, as recommended by the guidelines
provided by Iacobucci and Churchill (2018) and satisfies the minimum requirement of a sample
size of 322, as recommended by Zikmund et al. (2013).

Customer Survey Data Analysis by Machine Learning Algorithm

Machine learning algorithms usually employ computational methods to “learn” information
directly from data for making predictions or decision supports. With its growing popularity in a
wide variety of industries, machine learning methods are increasingly used for various aspects of
survey research, which include data processing, responsive/adaptive designs, nonresponse
adjustments and weighting, classification, and making predictions (Buskirk et al., 2018). In our
study, after gathering the basic statistics of the survey results, we employed and compared three
machine learning algorithms, namely, decision tree, random forest, and support vector machines,
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to identify the independent variables that represent the key drivers of customer value and extract
useful data insights.

In the realm of data analysis, Decision Tree Methods (DTMs), including their derivative Random
Forest Method (RFM), stand out for their interpretability and robustness. These methods, which
have been applied across engineering, medicine, finance, and marketing, have proven particularly
effective in analyzing customer behavior and survey data. For instance, decision trees have offered
valuable insights into the main factors affecting customer satisfaction by revealing priority areas
for service improvement (Xie and Zhao, 2010). The RFM, built on the decision tree foundation,
enhances prediction accuracy by aggregating multiple trees to form a more potent model ensemble,
thus offering a nuanced understanding of customer survey data (Tsami et al., 2018).

Support Vector Machines (SVMs) complement these methods by classifying data with a high-
dimensional approach that maximizes the margin between data points, making it suitable for
complex classification tasks often encountered in survey analysis (Kirchner and Signorino, 2018).
Together, these machine learning algorithms form a comprehensive toolkit for deriving actionable
insights from customer feedback, essential for service design and development in today’s data-
driven decision-making environments. The three models were all built by 80% of the whole survey
data entries (randomly selected), and their prediction accuracies were tested on the remaining 20%
of the data. We selected the best model with the highest testing data prediction accuracy and built
the QFD table based on the survey data insights provided by the selected machine learning model.

Quality Function Deployment (QFD)

Introduced in the 1970s, the Quality Function Deployment is a crossfunctional method that can be
utilized to translate customer requirements of product and service design specifications (Jin et al.,
2009). It can be quite instrumental in guiding businesses in designing their products or services to
meet the requirements and expectations of customers (Erdil and Arani, 2019). The QFD table is a
basic tool of the QFD method. The structure of a QFD table can be divided into nine parts: voice
of customers (wants), importance of wants, relationships between customer wants and technical
specifications, competitive analysis, correlation between technical specifications, technical
specifications, technical specification priorities, technical comparisons, and technical targets. In
this research, a QFD table (see Appendix B) was developed based on the survey data analysis and
prediction results to integrate the voice of customers into service design.
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Figure 3. Flowchart of Research Methodology

Research Findings
Survey Sample Characteristics

The survey was completed in June 2020, with 379 qualified respondents, 60% of whom identified
as female and 40% as male. The characteristics of the survey samples are summarized in Error!
Reference source not found.. Most respondents were under the age of 45 (80%) and hold at least
a bachelor’s degree (66.5%). Most were currently married (57.3%) and held a full- time job
(62.3%). More than half of the respondents have ordered food from both a restaurant app and a
third-party app (e.g., Uber Eats, Grub Hub, etc.) in the recent past, whereas the number of
respondents who have ordered only from a third-party platform (19%) was less than the number
who only used a restaurant app (29%). It is also worth noticing that most of the respondents
indicated that they order fewer than five times per week on average (62.3%) and typically spend
$15 to $35 each time (51.7%).

The survey data were imported into R-studio for statistical analysis, and all of the survey responses
were converted to categorical variables. We first calculated the mean for each survey item and
Spearman Correlation Coefficient of independent variables Q4 through Q20 to the two dependent
variables (targets): Q21 and Q22 (see Appendix A). Some values were missing (skipped questions
by the respondents), and the two targets were unbalanced with more selections of “4”” and “5” than
the others (see Figure 4). Thus, some data preprocessing steps were needed before building the
complete machine learning models. To address the missing values, we performed missing value
imputations in predictor data using the proximity matrix. After imputation, all of the missing
values were backfilled. Later, the oversampling technique was applied to balance the proportion
of classes in the targets.
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Table 1. Characteristics of Survey Samples
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% of
Characteristics Category Respondents
Gender Male 40.0%
Female 60.0%
Age 18-24 years old 22.7%
25-34 years old 28.5%
35—44 years old 29.6%
45-54 years old 8.4%
Over 55 10.8%
Level of education High school degree or equivalent 17.4%
Bachelor’s degree (e.g., BA, BS) 35.9%
Master’s degree (e.g., MA, MS, MEd) 30.6%
Doctorate (e.g., PhD, EdD) 12.7%
Other 3.4%
Current employment Employed full time 62.3%
status Employed part time 9.5%
Self-employed 5.0%
Unemployed 4.7%
Student 10.6%
Retired 6.3%
Other 1.6%
Marital status Single 33.8%
Married 57.3%
In a domestic partnership 4.2%
Divorced 3.4%
Widowed 1.3%
Platform used to order ~ Order directly from restaurant app 29.0%
food online Order through a third-party platform (e.g., Uber eats, 19.0%
Grub Hub)
Both 52.0%
Order frequency per More than 5-7 times / week 18.2%
week 5-7 times/ week 19.5%
2-4 times/week 32.7%
1-2 times/ week or less 29.6%
Amount spent per Less than $15 7.7%
order $15-$35 51.7%
$35-$50 26.9%
More than $50 13.7%
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Figure 4. Histogram of the Target Variable Q21 (Customer Overall Satisfaction) and Q22
(Customer Recommendation Likelihood)

Machine Learning Models Building and Selection

Two decision tree models were built for Q21 and Q22. After cross-validation and tree pruning, the
best decision tree models resulted in the testing data classification accuracy rates of 70.87% and
61.82% for Q21 and Q22, respectively. On the other hand, after parameters tuning, the best random
forest model resulted in 88.19% testing set classification accuracy for Q21, and 79.09% testing set
classification accuracy for Q22. Moreover, the SVM model yielded 67.72% and 60.90% testing
classification accuracy levels for Q21 and Q22, respectively. Our results for this stage are
summarized in Table 2.

Table 2.Training and Testing Classification Accuracy for Q21 and Q22 by Each Machine
Learning Model

ccuracy

Training Testing Training Testing
Classification Classification Classification Classification
Model Accuracy (Q21) Accuracy (Q21) Accuracy (Q22) Accuracy (Q22)
Decision tree 82.74% 70.87% 78.08% 61.82%
RFM 87.50% 88.19% 82.19% 79.09%
SVM 77.58% 67.72% 66.21% 60.90%

According to these results, RFM has provided the highest classification accuracy for both target
variables; therefore, this method is selected for the remainder of the analysis and prediction tasks.
Figure 5 shows the random forest classification model confusion matrix and statistics. The
accuracies are much higher than the No Information Rates (p-value <2 x 107!6), and the Cohen’s
Kappa values are all above 0.7, which indicates the prediction model is “substantial and reliable”
(McHugh, 2012). Figure 6 and Figure 7 demonstrate the independent variables’ significance for
Q21 and Q22.
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Figure 7. Variable Importance for Target Q22

Formation of the Quality Function Deployment Table

The QFD table is developed using the results of the data analysis and presented in Appendix B.
The traditional full implementation of QFD in the manufacturing industry involves four phases:
Phase 1 (QFD table) translates customer requirements into technical design requirements; Phase 2
(product design) turns technical requirements into part specifications; Phase 3 (process design)
turns part requirements into process requirements; and Phase 4 (process control) turns process
requirements into production requirements. Building the QFD table constitutes a critical phase as
it captures the voice of the customer and provides a way for efforts toward improving the service
design. As such, we primarily focus on the process of QFD table development as detailed in the
flowing steps:

Step 1. Identify customer needs and determine their degrees of importance: As shown in Figures
6 and 7, the survey items Q11 (getting and using coupons, promotions, and deals), Q12 (food
suggestion and recommendation), Q19 (platform’s ability to resolve complaints) and Q20
(handling refund requests) are identified by the Random Forest Method as the most important
impactors pertaining to the main targets (i.e., Q21 and Q22). Thus, we identify these four items as
the most significant customer needs, as demonstrated in row 2 to row 5 in Appendix B. Their rate
of importance is determined by the average of their variable importance (i.e., Mean Decrease Gini)
in RFM (i.e., rate of importance of Q19 = (42.6 + 27.7) / 2 = 35.15). We later convert the
importance rate to a 5-point scale and insert the numbers into the QFD table under the column
titled as “Rate of Importance” (Column 6 in Appendix B).

Step 2. Pinpoint technical requirements and determine inter-relationships: Once the customer

needs and their degrees of importance have been identified, technical requirements (i.e., the service
design requirements) need to be identified. Service design requirements are the translation of these
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customer needs to service designs, and each requirement can fulfill one or more customer needs.
Our analysis has identified five service design requirements (Column 1-5 in Appendix B) and their
inter-relationships, illustrated by color-coded circles.

Step 3. Determine relationships between customer needs and technical requirements: The central
grids of QFD, which connect the customer needs listed on the very left column of the QFD Table
with the service design requirements listed across the top row, indicate the corresponding
relationships (correlation coefficients) between the two (represented as a black single ring, double
ring, and triangle in the middle region of Appendix B). There should be at least one service design
requirement that has a strong correlation with one of the customer’s needs. Otherwise, a particular
customer’s need may not be properly addressed.

Step 4. Determine plan for customer needs and sales point: In this step, we first set the scores for
the current state of the company (i.e., “Company Now” [Column 7 in Appendix B] by using the
average values (rounded to the nearest integer) of each survey item. Subsequently, based on the
RFM forecasting, we derive the list of the desired values for each survey item to raise to, namely,
“Plan” (Column 8 in Appendix B). In this case, we target to increase the averages of customer
overall satisfaction (Q21) and recommendation likelihood (Q22) from current value of 4
(Appendix A, “Mean” of Q21 and Q22, rounded to the nearest integer) to 5. According to our
model forecasting, if we can raise the means of the customer needs represented by Q11, Q12, Q19,
and Q20 from current value 4 (“Company Now”) to 5 (“Plan”), then Q21 and Q22, respectively,
will have 63.7% and 52%, respectively, chances to reach the “Very Good” overall satisfaction
level and the “Extremely Likely” customers’ recommendation willingness level. These
probabilities are detailed in Table 3. The “Rate of Improvements” (Column 9 in Appendix B) are
calculated by dividing the scores under the “Plan” column by the values of “Company Now”
column.

Table 3. Predicted Probability for Q21 and Q22 Rankings

Q21 Rankings Q22 Rankings
1 2 3 4 5 1 2 3 4 5

Predicted Predicted

Probability 0.0 9.3% 9.6% 61.0% 20.1% Probability 0.3% 3.4% 22.0% 44.0% 30.3%
(Before) (Before)

Predicted Predicted

Probability 0.0 0.3% 14.6% 33.1% 52.0% Probability 1.9% 3.7% 9.0% 21.7% 63.7%
(After) (After)

The Sales Point, shown as a single red ring and double red ring under Column 10 in Appendix B
in the QFD Table, indicates which customer expectations have more important effects on
marketing. Customer needs items with higher marketing importance were assigned 1.5 points, and
1.2 points were assigned to the items with lower importance. The “Absolute Weight” (Column 11
in Appendix B) is the multiplication of Column 6 (“Rate of Importance,” column 9 “Rate of
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Improvement”) and Column 10 (“Sales Point”). The last column, “Demand Weight,” (Column 12
in Appendix B) is the percent ratio of “Absolute Weight” for each factor.

Step 5. Develop importance rating and action plan for technical requirements: This step completes
the basement of the QFD table where the “total importance rating” is documented. The Total
Importance Rating (Row 6 in Appendix B) is the relative weight of each technical requirement in
terms of satisfying the customers’ demands. The importance ratings determine which technical
requirement, in our case the service design requirement, should receive the most attention in the
service design and improvement process. Basically, it is calculated by the following expression:

w; = 2L Dimyj (1)

where w; is the total importance rating of the ™ technical requirement; D; is the “Demand Weight”
of i customer requirement; and 7; ; is the correlation coefficient (relationship defined in Step 3)

between the i customer requirement and the ;" technical requirement. The “Percent” (Row 7 in
Appendix B) is then determined by the following equation:

P = W"/Z,-=1Wj (2)

where P; is the importance rating proportion of the j technical requirement against the total.
This percentage indicates which service design requirement has relative higher significance or
urgency to be fulfilled. The “Company Situation Now” (Row 8 in Appendix B) assesses the
current situations for each service design item. The final row comprises “Action Plans” (Row
9 in Appendix B), which are the perspective actions that should be conducted in the new service
design or renovations corresponding to each service design requirement. “Upgrade Food
Recommendation System and Al Algorithm” and “Provide More Professional Training to Staffs
on Customer Services and Handling Complains” are identified to be the two critical factors
(with the highest corresponding “Percent” value) in the service design improvement process. In
some QFD implementations, this step could also include the evaluation of market competitors
in terms of technical requirements, and the results would usually be recorded in a basement row
of the matrix.

Key Managerial Insights

The proposed analysis has examined 19 pivotal factors influencing customer satisfaction in OFD
and their propensity to recommend OFD services to others. Among these, four factors stand out as
the most influential according to the employed machine learning approach: 1) the ease of getting
and using coupons, promotions, and deals; ii) the ease of accessing and utilizing coupons,
promotions, and deals; ii) the helpfulness of food suggestions and recommendations; iii) the
efficacy of resolving complaints; and iv) the handling of refund requests. Consequently, as a key
insight, the analysis concludes that enhancing these service elements can elevate customer
satisfaction levels and recommendation behaviors. Notably, the analysis suggests that improving
the food recommendation system is poised to elicit the most positive responses from customers,
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as indicated by the highest demand weight in the QFD analysis. Thus, companies should prioritize
upgrading their food recommendation systems and embracing relevant Al technologies. Other
recommended actions include providing comprehensive professional training to staff in customer
service and complaint resolution, continually refining refund policies and procedures, periodically
offering coupons, and reducing or eliminating delivery fees where feasible.

Conclusions and Future Work

This study has addressed the intricate challenge of measuring service design and quality within the
online food ordering and delivery (OFD) domain. Leveraging a combination of service breakdown
and customer experience survey data, we employed three prominent statistical and machine
learning algorithms—decision trees, random forests (RFM), and support vector machines
(SVM)—to discern the relationships between service components and customer-defined value.
Our analysis revealed that the RFM outperformed others, particularly in predicting overall
satisfaction and likelihood of recommendation. Utilizing RFM, we constructed a Quality Function
Deployment (QFD) table, translating customer needs into actionable service design elements. This
strategic integration of customer feedback into service design not only enriches theoretical insights,
but also provides a unique framework for enhancing service value.

In this context, this study has examined critical factors influencing customer satisfaction in OFD,
identifying four pivotal elements, namely, ease of accessing and utilizing coupons, promotions,
and deals; helpfulness of food suggestions and recommendations; efficacy of resolving complaints;
and handling refund requests. Our results highlight the significance of enhancing these service
elements to elevate customer satisfaction levels and recommendation behaviors. Moreover, our
analysis indicates that improving the food recommendation system holds particular promise in
eliciting positive responses from customers. Therefore, prioritizing upgrades to food
recommendation systems and embracing relevant Al technologies emerge as strategic imperatives
for companies in the OFD sector.

Our findings underscore the significance of considering service quality throughout the entire OFD
process, advocating for a more integrated approach from platform browsing to after-sales service.
Embracing a holistic service design approach, which encompasses factors like platform design,
order delivery, online assistants, and after-sales service, can foster a customer-centric culture and
elevate service quality, thereby increasing customer loyalty. In conclusion, this study contributes
a novel methodology framework that integrates service blueprinting, customer surveys, data
analysis, and QFD to renovate OFD services, offering valuable insights for businesses striving to
enhance customer experiences in the digital age.

Looking ahead, promising avenues for future research include exploring the interrelationships
among service components and their collective impact on OFD processes. Additionally,
investigating the influence of sociodemographic factors on customer satisfaction and loyalty, as
well as extending the scope to include the experiences of employees and backstage service
components, offer opportunities for further insights and improvements in service design.
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Appendix A: Survey Dimensions, Mean and Spearman Correlation Coefficient Values

Survey Dimension Codes and Items (Multiple Choices)
a. Gender
b. Age

1. Demographic questions c. Level of education

d. What is your current employment status?
e. What is your marital status?

Q1 Which platform do you often use when
2. Consumer behavior questions you order food online?

Q2 Please indicate the frequency with which

you order per week.

Q3 How much do you spend each time

approximately?
Codes and Items (all in 1-5 Likert scale, with 1 SCC SCC
being the Lowest Satisfaction Level and 5 being to to
the Highest) Mean Q21 Q22

Q4 Please rate the overall appearance and structure 436 0.589 0.554
of the online food ordering platform

Q5 Please rate the accuracy and trustworthy of the 426 0496 0.486
information provided by the platform

Q6 Please rate the adequacy of the information 421 0.525 0.453
provided by the platform
3. Ordering Q7 Please rate the ease of access to the platform 449 0429 0.344
platform Q8 Please rate the ease of using the platform 445 0346 0.342
design and Q09 Please rate your privacy protection when using 413 0331 0.353
operation the platform
Q10 Please rate the pricing at the platform 3.88 0455 0457
Q11 Please rate the ease of getting and using 3.89 0.389 0.333
coupons, promotions and deals when using the
platform
Q12 Please rate the helpfulness of the food 4.09 0517 0415
suggestions and recommendations by the platform
Q13 Please rate the ease of tracking your orders 435 0404 0.409
Q14 Please rate the timeliness of your orders 4.08 0497 0416
4. Order Q15 Please rate the appearance of the delivery 4.15 0406 0.458
delivery and person
tracking Q16 Please rate the temperature of the food when 4.06 0457 0.407
you received your order
Q17 Please rate the presentation of the food you 4.09 0.51 0.5
received
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Appendix A (cont.)
Codes and Items (all in 1-5 Likert scale, with 1 SCC ScCC
being the Lowest Satisfaction Level and 5 being to to
the Highest) Mean Q21 Q22
5. Online Q18 Please rate the performance of online assistants  4.06 0.472 0.431
assistants when using the platform
6. After-sales Q19 Please rate the platform’s ability to resolve 3.77 0.641 0.519
service your complaints
Q20 Please rate the handling of your refund request ~ 3.82 0.569 0.524
7. Target Q21 Please rate you overall satisfaction with using ~ 4.08 0.623
(dependent the platform
variables) Q22 How likely are you to recommend the online 4.21 0.623

food ordering platform you often use?
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Appendix B: QFD Table
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o
1 2 3 4 5 6 7 8 9 10 11 12
Improve
Professional Food
Training and Recommen- Offer
Guidelines Optimize dation More Lower
Customer Needs \ on Handling Refund System and  Coupons, Food Rate of
Improvement Customer Polices and Al Promotion Delivery Rate of Company Improve Sales Absolute Demand
Options Complaints Process Algorithm Deal Fee Importance Now Plan -ment Point  Weight Weight
2. Food suggestion @ 5 4 5 1.25 i 9.38 38
and =
. 342
recommendation
(Q12)
3. Platform’s ability 4 4 5 1.25 5.00 21
L
to resolve S O
complaints (Q19) 189 63
4. Getting and using 3 4 5 1.25 = 5.63 23

coupons,

promotions, and 207 23
deals (Q11)
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Appendix B (cont.)
1 2 3 4 5 6 7 8 9 10 11 12
Professional
Training and  Optimize  Improve Food
Guidelines on Refund Recommen- Offer More Lower
Customer Needs / Handling Polices dation System Coupons, Food Rate of
Improvement Customer and and Al Promotion Delivery Rate of Company Improve- Sales Absolute Demand
Options Complain Process Algorithm Deal Fee Importance Now Plan ment Point  Weight Weight
5. Handling of s 3 4 5 1.25 4.50 18
L
refund request (5:3 ;6_3 %
(Q20)
6. Total importance
. P 243 225 342 225 23 1,058 Total  24.51 100
rating
7. Percent 22.96 21.27 32.33 21.27 2.17 100
8. Company Lack of Imperfect Mediocre food Offer Relatively
situation now professional refund recommen- coupons to high
training on polices dation system customers delivery
handling and and Al quarterly fees
customer process algorithm
complaints
9. Action plans Provide Continuo  Upgrade food Offer Cutting
more usly recommen- coupons to delivery
professional  improve  dation system customers fees
training to refund and Al monthly
staffs on polices algorithm
customer and
servicesand  process
handling
complaints
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Appendix B (cont.)

Main Correlation

© o= strong correlation I ngh rEIatlonShlp

(O 3= some correlation . ) ) )
/\  1=possible correlation Medium relationship

SalesPoint @ =15 OU=12 @ Low relationship

Col.11 = Col.6 x Col.9 x Col.10
Col. 9 = Col.8/Col.7 (Col stands for Column)
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