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The rapid growth of online retail and rising user expectations has increased demand for
highly performant, customizable, and user-centric e-commerce solutions. Headless
architecture has emerged as a modern alternative to traditional, tightly coupled systems by
separating the business and data management logic from the user interface. Existing research
has already discussed varied e-commerce implementation strategies, but none have yet
explored the potential of the full-stack framework Next.js and the Shopify e-commerce

platform in headless architecture.

The objective of this practical case study is to close that gap by assessing the viability of the
tech stack and sharing the findings about the development process, focusing on the selected
tools and areas of e-commerce development, such as performance optimization, user

experience, and user interface design.

Based on the findings, the headless architecture provides a viable and flexible solution for
creating intricate features and designs. The tradeoff is increased complexity and
development time compared to monolithic alternatives. The primary issues faced during
development were limitations in Shopify APIs and a lack of documentation how to

communicate with it using Next.js.



TIIVISTELMA

Lappeenrannan—Lahden teknillinen yliopisto LUT
LUTin insinddritieteiden tiedekunta

Tietotekniikka

Juhani Manninen

Headless-verkkokauppasivuston kehittiiminen

Tietotekniikan maisterin diplomityd

2025

64 sivua, 19 kuvaa, 5 taulukkoa ja 2 liitettd

Tarkastajat: Apulaisprofessori Jussi Kasurinen & TkT Janne Parkkila

Avainsanat:  Next.js, Shopify, Headless-arkkitehtuuri, Nettikehitys, S&hkdinen
kaupankéynti, Tapaustutkimus

Verkkokauppojen kasvu ja kiyttdjien odotukset ovat lisdnneet kysyntdéd suorituskykyisille
ja raataloitdville ratkaisuille. Headless-arkkitehtuuri tarjoaa modernin vaihtoehdon
perinteisille jarjestelmille erottamalla backend logiikan kéyttoliittyméstd. Aiempi tutkimus
ei ole kisitellyt Next.js:n ja Shopifyn potentiaalia tdssd arkkitehtuurissa, jonka takia timén
tapaustutkimuksen tavoitteena on arvioida kyseisen arkkitehtuurin toimivuutta ja jakaa
havaintoja nettikauppan kehittimiseen liittyen. Tulosten perusteella headless-arkkitehtuuri
on joustava ratkaisu vaativiin toteutuksiin, mutta samalla tekee jérjestelmdstd
monimutkaisemman, jolloin kehitysaika monoliittisiin ratkaisuihin verrattuna on suurempi.
Sen lisdksi puutteellinen dokumentointi Next.js:n ja Shopifyin integroimiseen aiheutti

haasteita, ohjelmointirajapintojen puutteiden lisdksi.
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SYMBOLS AND ABBREVIATIONS

Abbreviations

Al — Atrtificial Intelligence

API — Application Programming Interface

AR — Augmented Reality

AWS — Amazon Web Services

CDN — Content Delivery Network

C1/CD — Continuous Integration / Continuous Delivery
CLS — Cumulative Layout Shift

CMS - Content Management System

CRUD - Create, Read, Update, Delete

CSR — Client-Side Rendering

CSRF — Cross-Site Request Forgery

CSS — Cascading Style Sheets

DB — Database

DDoS — Distributed Denial-of-Service

DIP — Dependency Inversion Principle

DNS — Domain Name System

DOM — Document Object Model

E-commerce — Electronic Commerce

ESLint — Linting tool for JavaScript and TypeScript
GDPR - General Data Protection Regulation

GraphQL — Graph Query Language



HTML — HyperText Markup Language
HTTP - HyperText Transfer Protocol
HTTPS — HyperText Transfer Protocol Secure
IDE — Integrated Development Environment
INP — Interaction to Next Paint

IoT — Internet of Things

ISP — Interface Segregation Principle

ISR — Incremental Static Regeneration

JS — JavaScript

JSON — JavaScript Object Notation

KISS — Keep It Simple, Stupid

LCP — Largest Contentful Paint

LLM — Large Language Model

MoSCoW — Must, Should, Could, Won't (prioritization method)
OAuth — Open Authorization Protocol

OCP - Open/Closed Principle

PKCE — Proof Key for Code Exchange

QA — Quality Assurance

SaaS — Software as a Service

SEO — Search Engine Optimization

SRP — Single Responsibility Principle

SSG — Static Site Generation

SSR — Server-Side Rendering

SSRF — Server-Side Request Forgery

TCG - Trading Card Game



TOS — Terms of Service
TS — TypeScript

TSX — TypeScript XML
UI — User Interface

UX — User Experience

XML - Extensible Markup Language
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1 Introduction

Over the past two decades, the rapid growth of internet usage has reshaped consumer
shopping habits. Over one-third of the Earth’s population shops online [1], and global e-
commerce sales continue to grow year after year [2]. Consequently, digital platforms have
become essential tools for businesses to stay competitive by improving visibility and
providing better customer experience by offering convenience and personalized experiences,
while providing valuable data for retailers to make critical business decisions. In particular,
the role of design, usability, and performance has become increasingly critical, as studies
and real-world examples have shown that positive user experience (UX) directly correlates
with increased screen time, stronger brand loyalty, and higher conversion rates [3], [4]. In
other words, a technically functional website is no longer sufficient. It must be fast, intuitive,

and aesthetically appealing to retain users and drive sales.

However, keeping pace with these rising standards can be challenging for smaller
businesses, including a Finnish company, Kauppiasfopan ja Nekronin Basaari Oy, better
known as Basaari. Founded in 2023, the company operates two physical stores in the capital
region of Finland and a webstore built using the electronic commerce (e-commerce) platform
Shopify. While the web store did offer standard e-commerce features, the user interface (UI)
and UX left much to be desired. However, the existing software architecture built with pre-
defined templates proved too restrictive for this particular case, which is why it was replaced
with a flexible headless architecture that decouples the frontend from the backend [5]. To
stand out from well-established competitors and provide engaging customer experience, a

website overhaul was long overdue. Images from the old site are displayed in Figure 1.
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Figure 1. Composite screenshot of the old website on mobile showing the landing page, event calendar, product listing,
and cart. A more comprehensive list of the old site images can be found in Appendix 2.

1.1 Research objectives

Although many studies have examined headless architecture with various technologies [5]
[6] [7], the combination of Next.js and Shopify remains unexplored. To better understand
their potential in e-commerce development, this thesis seeks to fill that gap through a
practical case study that documents the complete implementation of Basaari’s new web
store, from initial requirements gathering to deployment and evaluation. The overarching
goal is to provide an overview of the modern web development landscape through the lens
of Shopify and Next.js, emphasizing key e-commerce areas: UX/UI design, SEO

optimization, and how performance ties them together.

Since many topics will be covered in the thesis, the discussion will remain mostly at a general
level without delving into intricate details. This is not a step-by-step guide to implementing
similar projects. Instead, the paper investigates the chosen technology stack and shares

insights learned from this endeavor.
To summarize, this study aims to answer the following research questions:

1. Can Next.js and Shopify be utilized to develop a modern and performant headless e-
commerce website?
2. Does the headless architecture provide enough value compared to the increased

complexity it brings?



3. How did the new website compare to the old one in terms of feedback, sales, and

performance?

1.2 Thesis structure

The remainder of this thesis is organized as follows. Chapter 2 presents a literature review
about e-commerce, presents the main technologies chosen for the implementation, and
related case studies about similar e-commerce projects. Chapter 3 provides context for the
project by introducing requirements and the challenges Basaari aimed to solve. Chapter 4
provides the system architecture and reasoning on the selected tech stack, whereas Chapter
5 describes the development process, design decisions, and optimization methods. Chapter
6 presents the results, including performance metrics and user feedback, while Chapter 7
discusses the results and answers the research questions. The final chapter concludes this

paper by summarizing the key information about this research.

2 Related research

This chapter reviews the documentation and prior research on modern website and e-
commerce development, outlining the importance of UX design and the features needed to
build successful e-commerce sites. An overview of similar projects is briefly mentioned, and
headless commerce is presented as a flexible alternative to traditional monolithic e-

commerce platforms.

2.1 Headless commerce

Traditionally, e-commerce platforms have been built on monolithic architecture, where the
customer-facing frontend and backend are tightly coupled together into a single application.
The benefits of this all-in-one approach are simplicity and stability, perfectly suited for small
startups and businesses, but its rigid structure and lack of flexibility make it problematic for

scalability due to performance bottlenecks, integration challenges with third-party services



such as Al and limited possibilities in the UI design. Headless architecture solves these
problems by decoupling the user-facing frontend from the backend handling the business
logic using APIs. This architectural shift opens up countless opportunities for e-commerce
development by empowering developers with full creative control over the design and
selected technologies to match the ever-increasing standards of users and evolving business
needs. The nature of headless applications makes them ideal for building scalable,
enterprise-level systems, since they can be broken down into microservices and deployed
into the cloud to scale based on demand. Furthermore, third-party services can be used to
take advantage of the emerging Al Internet of Things (IoT), and augmented reality (AR)
technologies. Although headless can reduce costs in the long run, the upfront expenses can
be high due to the inherent complexity of headless systems that can’t be implemented

without expertise [8].

2.2 Key features valued by e-commerce users

Studies suggest that positive UX is paramount for the success of e-commerce stores, as poor
UX can lead to dissatisfied customers, a negative brand image, increased support requests,
and ultimately lower sales [4], [9]. Many real-world examples show that positive UX and a
polished UI can increase registration rates by nearly 50%, visitor numbers by 214%, and
sales by up to 53% [4]. Performance is seen as one of the key factors for e-commerce success,
with research indicating that even a 0.1-second delay can reduce retail conversion rates by
7.7% [9]. Other highly valued features by customers are responsive design, intuitive

navigation, personalized content, and high-quality product images [10].

2.3 Shopify

Shopify is a popular Software as a Service (SaaS) e-commerce platform that offers a wide
range of tools and services for managing online stores for businesses of different sizes and
needs. Shopify themes provide a monolithic and simple approach for creating online
storefronts quickly using pre-defined templates and modifying them via the integrated
content management system (CMS) and templating language Liquid. Shopify app store

offers countless different extensions and services that can be easily integrated with existing



Liquid-based stores. While this method is straightforward for many merchants due to the
intuitive graphical interface and the integrated Al assistant, limitations appear when trying
to build more complex features or integrate third-party services not found in the app store.
To offer an alternative for seasoned programmers, Shopify introduced the React-based open-
source framework: Hydrogen. The headless nature of the framework enables developers to
build highly customizable and dynamic e-commerce sites by utilizing the many features
React offers, while the pre-built components and utilities streamline the development

process [11].

In addition to third-party hosting providers, Hydrogen applications can be deployed on
Oxygen, a serverless hosting platform developed by Shopify specifically for Hydrogen,

which is a free service to all store owners with a paid subscription [12].

Prior studies have explored practical e-commerce development in the Shopify environment
using different approaches. One study took advantage of the streamlined development
process offered by the Shopify themes and found it successful for implementing a small and
simple web store [10], with an improvement in product visibility and customer experience.
Another paper tackled e-commerce development using the headless Hydrogen architecture
and highlighted the more granular level of control and the increased complexity that comes

with it [5].

2.4 Role of SEO and performance in e-commerce

Search engine optimization (SEO) plays a crucial role in the visibility and reach of e-
commerce businesses, since over half of all website traffic comes from organic search results
that rank among the top results [13]. To achieve this, different optimization techniques can
be applied to ensure search engine crawlers can accurately scan and index the webpages with

high rankings.

On-Page SEO ensures that content is relevant and interpretable. Search engines rely on
specific elements to understand a page's topic. Therefore, identifying the keywords potential
customers use is vital for directing traffic to the site. Central to this are meta-title and meta-
description tags. By applying the correct keywords to the metadata, URL, and page content,

these elements signal relevance to both search engines and users. [14]



On the other hand, Technical SEO focuses on the website's infrastructure and crawlability.
For a page to be indexed correctly, the site must possess a logical structure supported by
correct HTML tagging, server-side rendering strategies, XML sitemaps, and robots.txt files
[15]. Furthermore, mobile friendliness has become a critical component of technical SEO
due to a significant shift in user behavior, since over 60% of global web traffic now stems
from mobile devices [16]. In response, Google has adapted its strategy to "mobile-first"

indexing, prioritizing pages based on their mobile performance and content [17].

Beyond the website itself, Off-Page SEO involves improving authority through external
means. This is primarily achieved by acquiring backlinks from reputable sources and
building brand exposure on social media. These external signals highlight the website's

trustworthiness and relevance to search algorithms [18].

2.5 React

React is an open-source JavaScript library designed to build performant and interactive Uls
for web and mobile applications. The core principle of React is the component-based tree
structure and unidirectional data flow, where data is passed from parent components to the
child components via props. The Virtual Document Object Model is another key feature of
React, which tracks the state changes across the components and re-renders only the
components that have triggered a state change. This brings a major performance boost
compared to the traditional DOM, which often re-renders the entire page whenever changes

occur. [19]

Due to many benefits and a massive ecosystem of React, it has become one of the most used
technologies in the web industry, as indicated by the Stack Overflow survey [16]. However,
React is fundamentally a frontend library that can’t handle backend logic. Therefore, many
production applications use React in tandem with frameworks to cover the areas that React

can’t handle.



2.6 Next.js and Vercel

Next.js has gained attention in recent years as a full-stack framework and was the fourth
most popular web framework for 2025 [16]. It aims to simplify the development of modern
web applications by providing out-of-the-box optimization strategies, such as page pre-
rendering, lazy loading, efficient routing, image optimization, and React-based UI
development. Research has shown promising results for Next.js performance, reducing page
load times by up to 8 times, build times by 66% and image sizes by staggering 98%,

underlining its effectiveness compared to more traditional technologies [17].

The framework is developed and maintained by Vercel, a cloud platform designed for
hosting modern web applications. It provides the infrastructure to enable Next.js's advanced
features, such as a global Content Delivery Network (CDN) for fast static and dynamic
content delivery, serverless functions, and an integrated continuous integration and
continuous delivery (CI/CD) pipeline. This tight integration between the framework and its
primary hosting platform aims to simplify deployment and maximize the performance

benefits promised by Next.js. [20]

Practical implementation of a full-stack e-commerce website using Next.js has been studied
before [7] [17], and findings seem to indicate positive developer experience and great
options for building performant and SEO friendly web applications by taking advantage of
server-side rendering and incremental static regeneration methods. However, one of the
studies points out that documentation is not easily accessible, and frequent version updates

cause breaking changes, which makes it bothersome to update to the latest version [7].

3 Requirements gathering

“Good user experiences do not happen by chance—they are the result of a systematic design
process that seeks to satisfy both business and user needs” [4]. Failing this stage can
drastically reduce the chances of success for software projects [13]. Hence, it was crucial to
gather requirements from two perspectives: clients and end users. Their feedback revealed

usability challenges and desired improvements, which were categorized into larger epics and



divided into individual tasks to guide the development, as listed in Appendix 1. The project
stakeholders are introduced, and key requirements are presented to better understand the

project’s context.

3.1 Stakeholders

The success of the website development project relied heavily on the active involvement and
collaboration of multiple stakeholders, each playing a role in the website development. The
business owners were the primary source of requirements and provided continuous feedback
throughout the development process to ensure their goals and brand identity aligned with
their vision. The software engineer was responsible for designing, developing, and launching
the site based on the requirements. Customers, or the end users of the application, helped
identify usability issues and desired improvements. Additionally, the TCG PowerTools
development team played a critical role by providing trading card data for over 40k products

and synchronizing sales made in other channels with Shopify.

3.2 Client requirements and project constraints

Before defining specific features, it is necessary to establish the constraints that shaped the
project's scope and architectural decisions. The most critical technical limitation was the
mandatory retention of the existing Shopify backend, since a complete platform migration
was deemed unfeasible due to the complexity of transferring data and the store's tight
integration with the TCG PowerTools inventory system. Resource availability further
restricted the development approach, as a single developer executed the project under a strict
five-month deadline and a tight budget. Consequently, the chosen technology stack required

mature and familiar tools with extensive documentation to minimize troubleshooting time.

Within these boundaries, the primary goal was to implement a UI rework and new features
that would deliver tangible business value while retaining the core e-commerce
functionality. One of the most significant requests was a "card list search" functionality,
allowing users to paste deck lists generated from third-party platforms like Moxfield to find
large volumes of cards quickly. Other high-priority features were a wish list and cash-back

to promote customer loyalty and sales. Furthermore, the event calendar required a complete



redesign to allow users to view participants and cancel registrations, replacing the previous

subscription-based app to save costs and improve the UX.

In addition to the functional requirements that define how the system should behave, it was
essential to specify non-functional requirements, such as performance, security, and SEO,
which might not have been immediately evident to the clients but are nevertheless crucial
for ensuring the website behaves optimally and safely. Based on the reports provided by
Shopify, over half of the old website traffic came from mobile devices. Therefore, responsive

layouts for both mobile and desktop users were deemed a critical requirement as well.
3.3 User feedback and survey results

Although the requirements set by the client provided a solid foundation for the project, it
was also important to understand how users perceived the existing website. A survey was
sent to the customers via the shop’s Discord channel to identify potential areas for
improvement. It combined quantitative questions, enabling straightforward analysis and
comparison, with open-ended questions that allowed users to explain their reasoning and
provide more targeted feedback. Although only 10 responses were submitted, the data was
still valuable and indicates there is room for improvement in terms of usability and UX, as
illustrated in Figure 2.

Evaluate existing web site based on following qualities:

B Really bad B Bad | can't say B Good [ Verygood

User interface Ease of use (navigation, Authentication and Finding prodcuts Cart and payment process Site's speed
finding information, etc.) browsing own orders (search/browsing)

Figure 2. Quantitative customer survey results (translated from Finnish).

For instance, a customer complained that products couldn’t be browsed by product sets, even
though it was possible to do so. Another customer noted that there were no stock limitations
when adding items to the cart, which caused frustration during checkout when items were

unavailable. The event calendar also received criticism, as did the limited product filtering



options. These cases highlight the unintuitive design of the old site and the need for

improvement.

3.4 Requirement Prioritization and organization

With a five-month deadline, it was crucial to prioritize the requirements and focus efforts on
tasks that delivered the greatest value to both the client and end users. To support the
prioritization process, the MoSCoW method was applied to classify the requirements into
four categories: Must-haves, Should-haves, Could-haves, and Won't-haves. The

prioritization was determined based on factors displayed in Figure 3.

1. Non-negotiable 1. Important but not vital 1. Desirable but not as
2. Minimum viable product 2. Maybe painful to leave important as Should
3. Unable to deliver the out but the solution is Have
end product without this still viable 2. Only do if there is extra
4. Not legal with it 3. May need some kind of time and budget
5. Unsafe without it workaround
6. Without this project is
not viable

Figure 3. MoSCoW priorization [21].

4 The technology stack and architecture

1. Won't have this time
around at all

2. Out of budget

3. Nice to have but has no
real impact

In accordance with the requirements outlined in the previous chapter, this section discusses
the technologies considered for the project and provides a rationale for those decisions. Then,
an overview of the software architecture is presented to understand how these platforms

work in harmony with each other, using the headless approach.

4.1 Overview of Shopify development options



As mentioned in the previous chapter, the project was bound to the Shopify environment.
Based on experimentation and research, the existing Shopify themes didn’t offer the tools
needed to implement the new website. Therefore, headless alternatives were considered due

to the freedom and flexibility they provide.

With a background in React, the Shopify Hydrogen framework appeared promising. It offers
a toolkit of pre-built components and hooks for standard e-commerce features, designed to
integrate with the Shopify API, such as cart forms, pagination, and variant selectors [22]. In
addition, Shopify provides a hosting service, Oxygen, that integrates with Hydrogen at no
extra cost in the basic plan, making it an affordable option [11]. The downside of Hydrogen
is the seemingly minimal documentation and a smaller community, which makes

development more uncertain and makes solving roadblocks challenging.

Another viable option was to use third-party frameworks like Next.js, Vue.js, Angular, or
Svelte. There was no time to explore all the options in detail, so based on popularity [16],
Next.js was chosen for further inspection. Although Hydrogen and Next.js share similar
perks, such as flexible, familiar React-based development tools, Next.js and the commonly
paired hosting platform Vercel seemed to offer more comprehensive performance
optimizations than Hydrogen. Furthermore, the documentation and community around
Next.js are more mature and extensive than Hydrogen’s. However, the drawback of Next.js

is the additional hosting fees that Hydrogen doesn’t have.

Although choosing between Hydrogen and Next.js was difficult, Next.js was ultimately
selected due to its mature ecosystem, transferable industry-wide skills, excellent
optimization tools, and easy deployment option with Vercel. It is worth noting that Vercel
is not the only way to deploy a Next.js application, and it is generally considered expensive
for large volumes of traffic. However, due to time constraints, convenience and simplicity
were the driving factors in choosing Vercel, as it is optimized explicitly for Next.js

applications [20]. Summary of the comparisons can be found in Table 1.

Liquid (Shopify

iteri + Js+
Criteria Themes) Hydrogen + Oxygen Next.js + Vercel
!.%mlt-m 'Shoplfy Native Native APIl-based
integration
Flexible customization Limited High High

CMS included Yes External CMS needed | External CMS needed



Developer ecosystem Decent Decent Great

Limited,
Performance optimization managed by Decent Advanced
Shopify
Hosting Shopify (free) Oxygen (free) External (Vercel)
Prior None React React and Vercel

experience/familiarity

Table 1. Comparison summary about framework considerations.

4.2 Technology and tool overview

After Next.js was chosen as the framework, the next decision was to pick technologies that

would enhance the developer experience.

4.2.1 TypeScript and ESLint

The project relies on a strict static analysis strategy implemented using TypeScript (TS)
programming language and ESLint. While standard JavaScript offers flexibility, its
dynamically typed nature frequently introduces runtime bugs due to data inconsistencies that
are only discovered during testing, or worse, by the end-user. Empirical evidence analyzing
public GitHub repositories found that approximately 15% of all bugs could have been
prevented purely through static type systems that TS offers [23]. By enforcing strict rules
for component and function declarations, the IDE can highlight errors during programming
when a type mismatch or a logic violation occurs. Simultaneously, ESLint operates
alongside the type checker to enforce best practices. TS also makes the code inherently self-

documenting and doesn’t become outdated, like traditional documentation might.

Historically, the primary argument against adopting such strict static analysis has been the
"verbosity tax"—the significant overhead required to define and implement types, which
was perceived to slow down initial development [24]. However, the recent emergence of Al-
assisted development tools has largely neutralized this trade-off. Research into the impact of
Al pair programmers, such as GitHub Copilot, indicates that these tools excel at generating
the boilerplate code and type definitions that static languages require [25]. By offloading the
verbose type generation to Al autocompletion, the benefits of type safety can be achieved

without a decrease in developer productivity. Consequently, the choice of TS and ESLint for



this project ensures that the application is built on a bug-resistant foundation, which is

especially important since there are no team members to handle testing and code reviews.

4.2.2 Shadcn/ui and Motion

To speed up development, a UI library was needed to maintain visual consistency throughout
the app and avoid spending countless hours designing each component from scratch. While
there are multiple excellent options, such as Material Ul, they often come with extra
overhead, increasing bundle size and potentially negatively affecting performance, and are
also more restrictive in terms of customization and flexibility [26]. This is why traditional
UI libraries can make a website look rather generic, which doesn’t help with branding.
Shadcn/ui stood out for offering a different, lightweight approach, with a minimalist set of
customizable components that focus on performance and accessibility [26]. In addition to
leveraging these Ul components, enhancing the visual experience through animations was
also crucial for keeping users engaged. To achieve this, animation library Motion was

selected to provide a simple way to add subtle animations to user interactions.

4.2.3 Tailwind CSS

After selecting the framework and Ul library, Tailwind 4 was chosen as the styling library
due to its advantages over traditional CSS, which defines styling elements such as
background colors, fonts, and margins in external CSS files. While separation of concerns
is often preferred, in CSS styling, it can lead to verbose code and wasted development time
when switching between files. Tailwind addresses these issues by providing short utility
classes that allow components to be styled directly within the same file [27]. Its conditional
classes and predefined breakpoints [27] make creating responsive components simple,
without the need for verbose media queries, hooks, or context. Figure 4 compares these two

styling methods.



>

= >Responsive Card</h2>

<p>This one uses Tailwind breakpoints inline.</p>
</div>
)s
}

(
<div =
<h2>Responsive Card</h2>
<p>This one uses traditional CSS with media queries.</p>
</div>
)5
}

Figure 4. Comparison between two buttons. Tailwind version on the top left, CSS version on the bottom and right side.

4.2.4 TCG PowerTools — Trading card inventory management solution

Although PowerTools didn’t play a direct role in the implementation, it is still part of the
architecture and deserves a mention. It provides over 40k trading card products and their
related metadata through Shopify, and remains a vital time-saving tool for the clients for

listing, pricing, and managing their trading card inventory.

4.2.5 CMS — Builder.io

Due to a migration from the native Shopify frontend, a CMS was needed so the client could
easily make website changes without programming knowledge or developer support.
Builder.io was chosen for its powerful Al assistant, tight GitHub integration, and intuitive
Ul There were many other options available, but Builder.io offered everything needed, so

there was no need to try alternative tools.



4.2.6 Vercel — Cloud Hosting Platform

After Next.js was chosen as the framework, it was clear that Vercel would be the hosting
platform of choice due to its excellent developer experience and a simple deployment
process powered by an automated CI/CD pipeline, which could be especially valuable for
the client to make changes to the site using a CMS. The firewall and DDoS protection
provide additional security for the site, while monitoring tools and analytics can track site
performance and identify potential bottlenecks or bugs. Beyond these capabilities, the CDN
reduces network latency, while Vercel’s automatic load balancing and region failover
features boost system reliability, ensuring constant uptime and scalability during traffic

spikes. [12]

4.2.7 Windsurf — Cutting Edge Integrated Development Environment (IDE)

Visual Studio Code was initially used as the code editor, but after trying Windsurf, the switch
was made because it increased productivity thanks to its integrated Al tools. Intelligent
autocompletion and an integrated LLM chat window assisted debugging and refactoring
tasks, while providing context-aware code reviews to detect potential problems and
suboptimal solutions. It also helped fix syntax errors and draft components to avoid manually
writing boilerplate code. These capabilities significantly reduced the time required for
repetitive and mundane tasks. Additionally, the UI and UX of the Windsurf IDE were nearly

identical to VS Code, making it trivial to learn.

4.2.8 Lighthouse — Web vitals reporter

The Lighthouse auditing tool was used to generate reports on how well web pages perform
in SEO, performance, best practices, and accessibility, while also providing insights and
recommendations for addressing issues in these areas, as shown in Figure 5 [28]. Although
these reports are based on lab data, meaning that Google doesn’t consider the Lighthouse
score in any way for search ranking [29], they still provide guidelines to avoid common

pitfalls and follow best practices.
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Figure 5. An example of Lighthouse results from the original landing page.

4.3 Software architecture

To summarize the previously discussed technologies, the high-level system architecture

diagram in Figure 7 illustrates how the various components fit together.
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Figure 6. Architecture diagram of the Basaari website.



This architecture is organized into four layers, with communication limited to adjacent layers
to keep the system maintainable. The presentation layer consists of pages built using Next.js
app router logic and React. This layer provides the UI for the user, built from components
such as text fields, containers, and interactable elements, like buttons and product cards. The
application layer built with Next.js orchestrates business logic, page rendering, and data
queries for product and customer data using Shopify's API endpoints. The API layer acts
like a database, providing the requested data to the backend via GraphQL queries. It also
handles authentication and payment processes using Shopify’s existing solutions, abstracting
away the complex logic that would be difficult for a single developer to handle securely.
The store owners use the admin layer to add more products and events to the store, while

also providing built-in tools for handling product orders and analyzing sales via analytics.

5 Implementation

Due to limited time and resources, no time was spent on mock-ups, design, or project
management tools. For larger projects and teams, this may have been a challenge. However,
for a solo developer, it was manageable. The project followed a prototype-based
development philosophy, iteratively adding features and gathering client feedback. This
chapter showcases the core features of the released website and discusses how various
optimization techniques, along with UX/UI design principles, were applied to craft modern

web experiences.

5.1 Setting up the headless Shopify environment

A development store was created to avoid potential mistakes that could directly affect the
products or customers in the production store. In hindsight, this precaution didn’t offer much

benefit, since the queries focused on reading the data, not altering or deleting it.

Although the Shopify store already existed at the start of development, some modifications
were needed to prepare for the headless transition. Namely, a headless app developed by

Shopify was downloaded from their app store and installed to gain access to the Storefront



and Customer API’s. However, it seemed this headless app didn’t provide access to the
Admin API, so a custom app had to be configured as well to gain access to data mutation

queries needed for event management.

5.2 Landing page

Nowadays 97% of people check a company’s online presence before deciding to visit their
business [30]. The landing page is often the first point of interaction; therefore, making a
great first impression is crucial for captivating potential new buyers by providing a
trustworthy, usable experience. The hero section, or the initial view of the application,
includes the familiar artwork from the original website to maintain brand identity and
familiarity, along with a short description of the shop and what it offers, as shown in Figure

7.

@ ETUSIVU TUOTTEET TAPAHTUMAT o} & 20,00 €

TERVETULOA BASAARIIN

KAIKKI OSTETAAN MITA MYYDAAN
MEILTA LOYDAT LAAJAN SEKA EDULLISEN VALIKOIMAN
KA PALJON MUITA
OHEIST TEITA. JA MIKA TARKEINTA, MEILTA LOYDAT VIIKOTTAIN
PELISEURAA ERILAISTEN TAPAHTUMIEN PARISTA.

TERVETULOA, TOIVOTTAA KAUPAN OMISTAJAT FOPPA JA NEKRON!

Figure 7. Hero section of the landing page

A recurring challenge in the old website structure was the dispersion of essential information

across multiple subpages, which made it inconvenient for users to find basic details about



the stores, such as opening hours, addresses, and offered services. The redesigned landing
page addresses this issue by consolidating the information into a single section. Each section
was divided into distinct containers with icons to make it easier for users to scan the content

and find the information they are looking for, as shown in Figure 8.
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Figure 8. Info section of Basaari.

5.3 OAuth2 authentication

Initially, a traditional username-password method was planned for the site. However, the site
switched to OAuth 2.0 to better integrate with Shopify and offer passwordless authentication
for users. First, the Customer Account API had to be configured in Shopify’s Headless app
to generate the necessary access keys and set the allowed permissions. Callback and logout
URIs were also defined there for production, QA, and testing environments, so the user gets
redirected back to the original site after logging in and out. The next task was to implement
the registration and login, which was triggered by sending an authorization request from the
headless application to Shopify when the login button was pressed. Successful requests

redirect users to the authentication page owned and managed by Shopify, where they can log



in and register using an authentication code sent to their email address, as illustrated in Figure

9.

S

Kirjaudu sisaan Anna koodi

Kirjaudu sis&&n shop ila

Figure 9. The authentication page of Shopify.

All the heavy lifting is handled by Shopify’s servers, making the app more secure than a
self-made solution. After the code is verified, the user is redirected back to the headless
website, and the callback URL receives two essential values that complete the authentication
process. The first value is state, which is used to validate request integrity by comparing it
to the value stored in session storage, helping prevent unauthorized login requests that
exploit Cross-Site Request Forgery (CSRF). In addition, Proof Key for Code Exchange
(PKCE) is used here to prevent interception attacks involving the verifier code stored in the
customer's specific browser [31]. The PKCE verifier is exchanged for access tokens stored
as secure, HTTP-only cookies, which can then be used to fetch customer data from the
Shopify Customer API. The logout process works similarly. It revokes the server-side
tokens, clears authentication cookies, redirects the user to Shopify’s logout endpoint, and

returns them once the session has been terminated.

For security reasons, Shopify requires an HTTPS connection for authentication and the
customer API, which was a challenge during development and testing, since the default
development server uses only HTTP. To overcome this obstacle, the open-source tool
Localtunnel was used to create a publicly accessible HTTPS proxy URL that temporarily

points to the local development server [32].



5.4 Product browsing

The goal was to create a seamless shopping experience for the customers by providing
different ways to find products and add them to the cart as quickly as possible. The traditional
search bar is easily accessible on top of every single page and helps users find specific
products. The right side contains the card list search button, which is a convenient way to
find large amounts of cards by pasting a deck list generated by websites such as Moxfield.

Figure 10 displays these search features.

Q elesh norn

ELESH NORN, GRAND CENOBITE
New Phyrexia

: Alkaen: 13,99 € Selaa variantteja

-LESH NORN, GRAND CENOBITE

ry Booster

HAE KORTTILISTALLA

Onko hakusessa useampi kortti, tai kokonainen pakka? Liita korttilista tai kirjoita korttien
nimet yksitellen, ja I6yda kaikki tarjolla olevat tuotteet.

Figure 10. Search bar results and card list search input field.

This skips tedious manual work and helps users find exactly what they need as quickly as

possible, significantly improving the customer experience and helping the business stand out



from competitors. To ensure users are aware of this powerful feature, a glowing pulse

animation was applied to the icon to draw their attention until they click it for the first time.

If users are not looking for any specific products and want to browse what is available, the
product pages exist for that purpose. Each game is divided into categories and subcategories,
with different filtering and sorting options available. This helps users narrow down the
search results from thousands of products and increases the chances of finding interesting
products and making a purchase. An illustrative example of the product page is shown in

Figure 11.
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Figure 11. Product page of the Magic: The Gathering section.

As showecased, this design emphasizes the product images, which are arguably the most
essential part of all the products the site sells. They are large enough for users to read, while
still providing the price, language, and condition below. Some trading cards have multiple
variants with differences in condition, language, or foil treatment, which can also be filtered.

Users can open the variant popup by clicking the product image or the button below it, which



lists all of these features in table format. For other product types, this pop-up often displays

their description instead, as shown in Figure 12.
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Figure 12. Product info component.

Using the dynamic routes feature provided by Next.js, it was simple to implement webpages
for each individual product to increase visibility on the web and allow advertisements by

providing links via social media to the customers.

Because product categories may change over time, a flexible JavaScript Object Notation
(JSON) configuration file was implemented, enabling the addition, removal, or modification
of product categories and their associated filters with just a few lines of code, improving the

application's maintainability.

5.5 Event Calendar

As previously discussed, the old event calendar didn’t allow participants to see how many
people had signed up for events, nor to cancel their own participation status. While the
primary goal was to resolve these issues, it was also important to have filters for event

location and the game type, so users could easily find events they are interested in. The user



experience was also improved by making the calendar page more responsive across different
screen sizes, as the old calendar didn’t scale well, resulting in a small, difficult-to-read
interface. As with the products, each event needed to have its own page in addition to the
pop-up, so the clients can share the store events on social media. The events are stored as
products in Shopify, and metafields are used to configure the location, dates, participants
and time of day for each event, along with title, description, and price. The results are

displayed in Figures 14, 15, and 16.
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Figure 13. Event calendar and participation view on mobile.
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Figure 14. Event calendar view on desktop.
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5.6 Cart and checkout

The initial plan was to implement a custom checkout flow using an external payment
gateway. However, after further investigation, it became clear that Shopify Payments was
the most cost-effective option, as an external gateway would incur both Shopify’s additional
2% transaction fee and the payment provider's fees [33]. Additionally, adopting Shopify’s
native checkout simplified implementation, as the essential transaction processes are
securely handled, freeing up development time for other tasks. Custom delivery and payment
rules were configured using apps downloaded from the Shopify App Store to fulfill the
client's checkout requirements. To ensure the business-critical payment process works
seamlessly, mock products were created in Shopify and bought using in-store credits with a
real account to simulate transactions as accurately as possible. Email notifications were
already configured in the old store and automatically handled by Shopify, so no further

modifications were made. The resulting checkout flow is illustrated in Figure 16.
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Figure 16. Shopify's checkout page on the left, and cart page on the right.



5.7 Performance and SEO Optimization

As highlighted by the literature, poor performance can severely impact UX and sales, which
is why it was necessary to reduce the page load times to a bare minimum. This is why the
app router from Next.js was adopted, which enables the hybrid server-and-client component
rendering technique to combine secure, performant, and SEO-friendly server components
with dynamic, interactive client components [34]. This hybrid approach minimizes the
amount of JavaScript sent to the browser while maintaining fast load times and secure data
fetching [34]. The Static Site Generation (SSG) rendering method was applied to the landing
and footer pages using statically rendered server components. SSG allows Vercel to build
the entire HTML document, cache and serve it nearly instantly to the users via a content
delivery network (CDN) [35]. This, in turn, helps search engine crawlers index pages while
also reducing load times, improving SEO, and minimizing server load, since it doesn’t need
to generate new content on each request [36], [37]. In contrast, Server-Side Rendering (SSR)
was applied to pages that required secure data fetching or great SEO for dynamic content.
Server components act as the root for each page, allowing data to be fetched safely on the
server without exposing API keys or authentication tokens to the client. This is particularly
important for user account pages, which render sensitive data such as order history. Once
the page’s HTML is delivered and displayed, React hydrates the client components to make
the static HTML interactive [34], resulting in fast initial page renders while still preserving
interactivity. Pages such as the event calendar and product catalog also incorporate client
components within their SSR parent pages to enable filtering and animation. These pages
were not suitable for caching or Incremental Static Regeneration (ISR), since cached content
could lead to inconsistencies. For instance, showing available event slots that were already
filled, or products that have been already sold out. A comparison of these different rendering

methods is summarized in Figure 17.
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Figure 17. General demonstration of execution step times depending on render method [38].

Image optimization was also crucial for an e-commerce store, especially since on larger
screens, over 40 products can be visible at once. The optimization techniques were simple
to implement by using the image component provided by Next.js and assigning specific
properties to it. Above-the-fold images — those that appear on the website without scrolling,
were given priority for preloading. On the other hand, lazy loading was used for all other
images below the fold to increase performance by reducing the LCP. These optimization
techniques prevent cumulative layout shifts that negatively impact SEO scores [36]. As for
the locally stored images, it was essential to export them rather than reference them via URL
to ensure the image component optimizes them correctly [39]. An important detail that was
nearly overlooked was to ensure that Next.js and Vercel do not re-optimize the images
fetched from Shopify CDN, since they have already been optimized by Shopify [40]. This

was achieved by setting the unoptimized property to true for product images.

A data-transfer technique called streaming was used to speed up page navigation and
improve UX by using a special Next.js file, loading.tsx, on all pages that were not static.
This file creates a fallback Ul that displays a loading animation while the page loads, which
is especially useful for users with slow internet connections, as it allows them to navigate

between pages quickly, even if page content hasn’t fully loaded yet [41].

To reduce bundle size, all unused packages were identified with npx depcheck and removed
to avoid loading unnecessary code. Fonts were also optimized using the next/font module
that downloads font files during build time to avoid additional network requests that would

negatively affect performance [42].



A robots.txt file was included in the public directory to provide instructions for search engine
crawlers, ensuring only relevant pages are indexed by denying access to account and cart
pages. In addition, a dynamic XML sitemap was created to facilitate communication with
search engines by specifying the site’s valid URLs and their update frequencies, enabling
efficient, up-to-date indexing. The dynamic XML file iterates over the product category
configuration file, which contains the routes for each product page. It uses it to create an
easily maintainable sitemap that doesn’t need to be updated whenever product categories

change.

A reusable SEO component was created utilizing the generateMetadata utility provided by
Next.js to dynamically generate page titles, meta descriptions and Open Graph images using
product and event information. This automated approach ensures that every product and
event page serves optimized metadata for crawlers, enhancing visibility on search engines

and social platforms without requiring manual content entry for each new item.

5.8 Security

Since authentication, payment processing, and data storage were managed by third-party
providers, the website's security responsibilities were limited. The most important concern
was to ensure that sensitive API keys were never exposed to the client, so they were used
only on the server side. All environment variables were securely stored in .env files during
development and excluded from version control for added security, even though the GitHub
repository was set to private. Additionally, Vercel's distributed denial-of-service (DDoS)

protection and firewall rules provide safeguards against malicious activity.

To ensure there are no known vulnerabilities in the system, pnpm audit was executed before
release to identify any known vulnerabilities within the installed packages [43].
Additionally, the project was scanned using Aikido software, which specializes in detecting
security issues such as exposed API keys or vulnerabilities. It found a server-side request

forgery (SSRF) vulnerability and proposed a fix that was applied to solve the issue.



5.9 Maintainability

Since code is read over 10 times more often than written [44], it was important to ensure the
codebase remained readable and maintainable as its size and complexity grew. To achieve
this, the KISS (Keep It Simple, Stupid) principle was prioritized to avoid unnecessary
complexity, while the SOLID design principles served as the architectural foundation. The
single responsibility principle (SRP) was applied by creating functions, components, and
routes with a singular purpose, by dividing the application logic into different layers and
directories using a consistent and logical project structure. To follow the Open/Closed
Principle (OCP), reusable components were designed, so their behavior and appearance
could be extended through props, such as className, or by passing child components to
them. This approach allows their functionality or styling to be customized in specific
contexts without modifying the component’s original code. Interface Segregation Principle
(ISP) encourages the usage of small, focused components and hooks instead of large ones
with tens of different props, which keeps the code clean. Dependency Inversion Principle
(DIP) was followed by abstracting unrelated functions using props and context from UI

components, to keep it flexible and simple to read.

Beyond architecture, self-documenting code was prioritized through the use of descriptive
variable, function, and file names alongside strict TypeScript typing. A comprehensive
README file was also maintained to assist new developers in understanding the project

scope and setup, serving as a reliable reference for future development.

While strict adherence to these rules was occasionally compromised to meet the deadlines,
these guidelines prevented the accumulation of excessive technical debt. As the project
evolved and new requirements were proposed, refactoring—the process of improving code
structure without altering its external behavior [45]—was applied many times during the
development. Although refactoring can be a time-consuming process that doesn’t directly
bring any value to the client or end users, it is still an important investment for the longevity

and stability of the software.



5.10 UX and UI Design

As stated earlier, Ul and UX have a profound impact on an e-commerce site’s success.
Although no Ul mockups or designs were created due to time constraints and small team
size, many UX design principles still guided the development process, ensuring the site not
only looks appealing but is also intuitive to use for everyone. The goal was to make the user
journey straightforward and engaging, using common e-commerce design patterns and

visually appealing design choices.

5.10.1 Typography

Typography is a design discipline that involves the use of font families and their organization
to create usable, user-friendly interfaces, potentially increasing conversion rates when done
right. Too many font families can be distracting for users, so only two were chosen to

complement and contrast one another, using free Google Fonts. [46]

The Lato font family provides accessible, easily readable text commonly used for smaller
text, such as product prices and paragraphs. In contrast, the more stylish alternative, Cinzel,
was applied to headers and titles, providing an Arabic and fantasy mood inspired by the
company name and the products they sell. The combination of these two fonts and their size
differences creates a visual hierarchy that not only looks polished but also provides the

content in a consistent and readable way for the users.

5.10.2 Color design

Dark and light themes were implemented for the site using ThemeProvider from Next.js and
Tailwind CSS theme variables to offer a familiar, personalized UX for customers while also
providing a convenient way to experiment with different colors during development. The
default theme is set individually for each visitor based on their system theme, but users can
also switch the theme using the toggle button in the navbar. In addition to better user
engagement, research has shown that dark mode reduces eye strain in dimly lit environments,

consumes less power, decreases bounce rates, and increases session duration [47].



The color schemes for both themes were designed according to the 60—-30—10 rule to achieve
a balanced, harmonious visual hierarchy. The color palette draws inspiration from the
company name to promote brand identity, “Basaari,” using warm and neutral tones that allow
the colorful product images to stand out. Shades of white, beige, and dark brown were
selected for the background and container colors, whereas the secondary color was primarily
used for text and icons, with brightness adjusted across light and dark themes to maintain
high color contrast with the background and ensure readable, accessible content. The accent
color violet was applied sparingly in both dark and light variations to highlight key
interactive elements, namely buttons and hover effects. Colors were also used as a tool to
color-code the different events in the calendar to help users differentiate event types without

reading their titles. Figure 18 illustrates these color choices both in light and dark themes.
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Figure 18. Comparison between light and dark modes on the products page.



5.10.3 Responsivity

As the majority of previous traffic came from mobile devices, responsive design was a
guiding principle in the design process from the very first lines of code. This meant that
containers and their contents should stretch and reorganize on smaller screen sizes by using
grids and flexboxes in combination with Tailwind’s breakpoint selectors. In addition, buttons
were made large enough for users to easily tap without causing accidental misses. A typical
hamburger menu and a sheet component were used to hide large amounts of information,
such as product filters and navigation links, to avoid cluttering the screen with too much

information.

5.104 User feedback

User feedback was another key principle driving the design process. Toast notifications and
animations were applied across the website to inform users whether their input has been
processed and succeeded, reducing confusion and ambiguity. The guiding philosophy for
applying animations was to use them sparingly and in subtle ways to provide feedback and
improve user engagement without overwhelming them with complex or distracting effects.
In addition to providing an aesthetic and polished appearance, they also help guide users’
attention to key elements as previously highlighted. Hover animations were also commonly
used across the app to provide visual feedback on whether a component or text was clickable.
For authentication and search actions, loading indicators were added to the buttons to

provide visual confirmation that the requests were being processed.

5.11 Deployment

Once the application had been tested manually locally, it was deployed to the quality
assurance (QA) environment created in Vercel. Environment variables, such as API keys,
were configured, and the deployment pipeline was connected to GitHub. This allows any
code changes made in the QA branch to trigger the CI/CD workflow, which handles build
generation and deployment to the QA environment, accessible for the clients to perform

acceptance testing. After confirming that all critical features worked as expected, the QA



deployment was promoted to production from Vercel’s dashboard. However, before the new
site could be reached, the DNS settings had to be rerouted from the old Shopify store to the
new one running in Vercel using the existing domain created in Domainhotelli. This process

began right before midnight to avoid disturbing customers.

6 Results and challenges

The following chapter evaluates the selected tools and technologies, examines the business
impact of the new website, and compares its performance with the previous implementation.
These analyses provide insight into how the chosen technology stack and design decisions
contributed to achieving the project’s goals. The chapter also discusses the challenges
encountered during development. It provides an estimate of the effort required, offering a
broader understanding of the practical implications and resource requirements of

implementing a headless e-commerce application.

6.1 Web vitals and SEO optimization

As defined in Chapter 2, the core web vitals LCP, INP, and CLS have a direct impact on
how search engines rank websites. Since the headless store is hosted in Vercel, Shopify
Analytics can no longer measure the web vitals of the new site. Fortunately, Vercel provides
a similar service. However, Shopify's reports did not differentiate between mobile and
desktop users, whereas Vercel provides device-specific results. According to Vercel’s Speed
Insights dashboard, the new application performs well overall. However, the product pages
are suffering from high INP and CLS values, which bring down the overall average,
especially on mobile devices, as shown in Table 2. Target values for LCP are 2.5s, 200ms

for INP, and 0.1 or less for CLS.



Metric Old store New store (desktop) New store (mobile) Improvement
(compared to

mobile)
eI sl g 1.19s 1.62s —45.95%
Paint
Interaction with
Next Paint 64ms 104ms 224ms -250%
Cumulative Layout 0.08 0.1 Worse

Shift

Table 2. Web vitals comparison between the old and new website averages. Green values indicate values below the
recommendations, whereas red values indicate areas for improvement.

Although the performance has declined according to these statistics, it is worth noting that
the new pages are more complex than the old site. Furthermore, the LCP, INP, and CLS
remain strong overall compared to the target values. Nevertheless, the mobile version can

likely be optimized further to match the desktop's performance.

6.2 User surveys

Table 3 compares the initial user survey conducted to gather requirements and the feedback
survey sent after three weeks of initial release. Each section was rated using a five-point
scale: very bad, bad, can’t say, good, and very good, corresponding to scores of -2, -1, 0, 1,
and 2, respectively. The table shows the average score for each section on both the original
and updated sites, along with the observed improvement. Due to an oversight, there was no

event calendar category for the initial survey.

Old website New website Improvement
ul 0.3 1.15 +0.85
Usability 0.1 0.85 +0.75
Login and user profile 0.4 0.88 +0.44
Product search -0.15 -0.19 -0.04
Cart and payment 0.1 0.69 +0.59
Site speed (performance) 1.0 1.23 +0.23
Event calendar - 1.00 -

Is Basaari your first choice for 30% 38.5% +8,5%

ordering trading cards?

Table 3. Survey results before and after the website overhaul.



6.3 Observed technical issues

The most time-consuming aspect of the project was addressing technical challenges in
implementing backend logic between the Next.js application and Shopify, particularly in
authentication and product filtering. Many hours were also spent learning Next.js, Shopify,
and Tailwind, as well as researching e-commerce design and the landscape. Although work
hours were not accurately tracked during the project, an estimate is shown in Figure 18, with
colors indicating the relative difficulty of each task: green represents the easiest, orange and
yellow represent somewhat challenging, and red represents difficult. While this color-based

assessment is subjective, it reflects the development process.

Profile Page
25

Planning/Research
60

Landing Page
15

Event Calendar
45

ggﬂ[ﬁhocmw

Product Browsing
70

Figure 19. Ballpark estimate of the hours spent on the project.

In total, approximately 305 hours were spent on the project for the initial release, equivalent
to nearly 41 workdays of 7.5 hours each. This suggests that similar projects could take
roughly two months to complete, assuming weekends are not included in the development

schedule.



6.3.1 Shopify API limitations

A significant portion of development time was spent on backend logic for product filtering,
creating GraphQL queries to enable variant-level filtering, since product-based filtering
lacked sufficient granularity and displayed unwanted variants. For instance, if a user wants
to find products in excellent condition, the product-based filters would return all variants of
the product that have at least one variant with that condition. The only band-aid solution was
to filter the variants afterward; however, this caused an unintended side effect: pagination
no longer worked because it didn’t account for the additional filtering done in the backend.
This caused a bug where loading more products could display them in the wrong order
compared to the previous batch. After the initial release, it was discovered that Shopify isn’t
able to handle concurrent mutation requests, which can cause participation overwrites and

confusion among customers.

6.3.2 TCG PowerTools limitations

Since PowerTools handled product stock, the developer had no way to modify how the data
was imported into Shopify. This led to some roadblocks that couldn’t be overcome except
by waiting, because manually modifying each product wasn't feasible, and creating a custom

script to do so seemed too risky and complex to implement.

6.4 Release statistics

Based on the reports gathered from Shopify and Vercel analytics, there has been a significant
increase in total visitors, but at the same time bounce rate has also gone up, which refers to
the percentage of visitors who leave a website after viewing only a single page without
performing any further actions [48]. Total sales have also slightly increased, as displayed in

Table 4.

Total sales +24%
New customers -9%
Bounce rate +10%

Visitor over time +416%



Table 4. Comparison of key e-commerce metrics between the old website’s final month and the new website’s first
month.

6.5 Website upkeep costs

In addition to development expenses, maintaining the website entails annual costs for
hosting, domain management, and third-party services. Table 5 presents a breakdown of the
yearly maintenance costs, along with a comparison to the expenses of the previous Shopify-

based setup.

Service Provider Annual Cost (EUR)
Domain Domainhotelli €110

Hosting Vercel + €206*
E-commerce Shopify €288

TCG inventory management PowerTools €960

Old event calendar Shopify app store - €96

Increase compared to the old site. €127

Total €1468

Table 5. Annual upkeep costs of Basaari. (Exchange rate used: 51 = €0.86). *Expected minimal hosting fee; large usage
could increase costs.

7 Discussion

This chapter interprets the results of the previous chapter and answers the research questions,
while also providing an assessment of the overall success of the project and what should be

done in the future.

7.1 Headless tech stack analysis

In response to the first research question, this study confirms that Next.js and Shopify can
be effectively combined to create a modern, headless e-commerce site. As the literature
suggested, going headless provides flexibility in terms of SEO customization, performance

optimization, design, and advanced features that monolithic Shopify themes couldn’t offer.



Although the chosen tools worked well individually, integrating Next.js with Shopify using
the headless architecture proved challenging due to the limited official documentation and
guides related to Next.js-specific integrations with Shopify APIs. Another study had also
encountered similar integration challenges with Shopify Hydrogen [5], highlighting the fact
that headless solutions are complex and require proficient knowledge in software

development, increasing the overall development time and costs.

Next.js proved to be an excellent framework for creating SEO friendly, performant, and
dynamic websites. With a prior knowledge of HTML, CSS, TS, and React, learning the
basics of Next.js didn’t take more than a few hours due to its extensive documentation and
thriving community offering high-quality tutorials even for the latest versions and features.
This finding seems to contradict a previous study, which mentioned that the documentation

was lacking [7].

Although Shopify serves its role as an e-commerce platform, it has a few limitations that
caused issues during development. The Storefront API didn’t support complex variant-based
filtering, which resulted in suboptimal workaround solutions that caused issues with product
pagination. Secondly, the case study identified limitations regarding concurrent API
mutation requests in the admin API, which is why it is not well-suited for real-time database
applications without implementing custom middleware to handle concurrency. Finally, the
Shopify API limits could pose a problem during high traffic spikes or if the customer base

grows significantly, possibly limiting scalability.

7.2 Project success analysis

Regarding the third research question about the success of the project, the results seem to
indicate modest gains in revenue and customer satisfaction despite the challenges of the
initial launch and missing features, such as the wish list and cash back. Sales and visitor
traffic increased, along with customer satisfaction, which suggests that the applied SEO and
UI/UX techniques were successful. However, the maintenance costs and bounce rate rose

slightly, and performance saw a small decrease, especially on mobile devices.



Due to many unfamiliar technologies and changes implemented in the software architecture
during the first month of development, there wasn’t enough time to implement all the
requested features or comprehensive end-to-end testing. This is why a few bugs slipped into
production and caused confusion and frustration among users, giving a poor first impression.
Furthermore, the site crashed during the initial launch day due to an AWS outage, which
also affected Vercel hosting since it uses many of the AWS services behind the scenes [49].
Despite these early challenges, feedback from the client and customers was generally

positive, and moderate financial gains were achieved compared to the old website.

The greatest improvements based on the reports and surveys were the brand-new event
calendar and overall Ul enhancement, which seems to indicate that the guiding U/UX
principles were effective despite not using any Ul mockups. However, product search still
needs improvements in terms of better filters and a way to open the product search results in

a new page, like in the old site.

Although the reports indicate that the old site had better performance on paper, the perceived
site speed seems to be higher in the updated site based on the user surveys. There is no clear

explanation for this contradiction, but the site still performs extremely well.

The increase in total visitors suggests that the new website achieved greater visibility and
reach, potentially due to improved search engine optimization and social media exposure.
However, the high 46% bounce rate may indicate that a portion of this new traffic did not
find the content or products interesting. That is above average for interactive e-commerce

stores [48], which is why the issue should be identified and corrected in the future.

7.3 Data validity

The influx of new Warhammer products could be a major factor in the total sales of the new
store, which makes it difficult to assess the true financial impact of the new design. The
increased social media marketing and initial hype could have also been reasons why the site
received more traffic than previously. To draw more conclusive insights, additional data

needs to be collected over the upcoming months. Additionally, the sample size of the survey



respondents was only a fraction of the entire customer base, which diminishes the

trustworthiness of the results.

From a technical perspective, the performance comparison suffers from metric
inconsistency. The baseline data relies on Shopify’s native analytics, which did not
differentiate between mobile and desktop users, whereas the new data utilizes Vercel Speed
Insights. Because these tools may employ different measurement methodologies, a perfect
1:1 comparison of web vitals is not possible. Furthermore, the data for the first month is
skewed by a major AWS outage that caused the site to crash on launch day. This anomaly
might have impacted potential sales figures, suggesting that the site's actual stability and

performance potential may be higher than the initial statistics indicate.

7.4 Future Development

The practical implementation, constrained by a tight deadline, revealed both technical debt
and limitations inherent in the chosen headless architecture. The current codebase requires
manual programming to create new event types or product categories, which is inconvenient
for the client and causes unnecessary maintenance work. Furthermore, the use of local
storage for the shopping cart prevents cross-device access and leads to the side effect of cart
contents persisting after user logout. Shopify APIs should be used instead to solve these

issues.

Additionally, the hosting fees of Vercel pose a concern in case the traffic increases
dramatically. If that happens, migration to the Shopify Hydrogen framework might be
necessary to take advantage of the free hosting [33], even though it would likely require

major refactoring due to Next.js' specific features and code structure.

A few of the major features were postponed and are planned to be added in the future. These
include cashback and wish list functionality, both of which are critical for enhancing
customer loyalty and driving repeat purchases. Additionally, advanced filtering options for
the most popular categories are needed based on customer feedback. Although the Builder.io
CMS integration was postponed due to ongoing website development, it must be completed
before the project concludes, as the clients lack the programming expertise to modify the site

via code



8 Conclusions

This thesis examined the development of a modern e-commerce website using the full-stack
framework Next.js and the e-commerce platform Shopify in a headless architecture. The
goal was to design and implement a performant, user-friendly web store to improve the User
Experience (UX) and add features to increase sales for the client specializing in trading card
games. The study documented the development process and evaluated outcomes to assess
the viability of the chosen technology stack and gain a better understanding of the modern

e-commerce landscape.

This study was motivated by two primary factors: a practical business need and a gap in
existing research. The client's existing store suffered from usability issues that negatively
affected UX and sales. Although extensive research already exists on e-commerce and
headless architecture, the Next.js and Shopify technology stack hasn't been well-documented

in academic literature.

The study confirms that Next.js and Shopify form a powerful headless solution that grants
developers more powerful tools and freedom to implement complex features that monolithic
Shopify themes couldn’t provide. However, this flexibility comes at the cost of increased
complexity and surprising limitations regarding the Shopify APIs. Despite the development
challenges, the new site achieved a 24% increase in sales and a 416% increase in visitor
traffic. This demonstrates that while the headless approach requires a significant upfront

investment in development time, it effectively drives business growth and brand visibility.

Future studies could expand on this by comparing different frameworks and e-commerce
platforms more thoroughly to gain a deeper understanding of the strengths and weaknesses
of different tool combinations. Specifically, comparing Next.js against Shopify's native
Hydrogen framework could help software architects determine if a dedicated e-commerce

framework alleviates the integration bottlenecks found in this study.
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Appendices

8.1 Appendix 1 — Full project requirements

Epic: User Account Management

Priority Requirement

Must Have  User Profile

Must Have  User
Registration &
Login

Should Have Wish List

Could Have Social Login

Description

Users can browse their order
history and see their store credit
balance. They should be able to
change their personal information.

Users must be able to create
accounts, log in, and log out
securely.

Users can add products to their
wish list and get notifications
when products are back in stock.

Users can register/log in using
Google or Facebook.

Epic: Product and E-commerce Management

Priority Requirement
Must Product Browsing
Have

Must Product Details
Have

Must Product Search
Have

Must Warhammer
Have product

categories

Description

Users must be able to browse the
product catalogue by product
category.

Product details are always available
for each variant/product. Common
information shared by all product

types is price. Language, condition,

description, and foil status should be

shown if defined in Shopify. The
product name should also be
displayed if the item is not a single
trading card.

Products can be searched via a
search bar

An extensive list of different
subcategories for miniature
figurines and their accessories

Rationale / Benefit

Track past purchases and follow
GDPR.

Essential for access to the wish list,
cashback loyalty program, and
event registration.

Potentially increases sales by
bringing back old customers.

Optional ease of login.

Rationale / Benefit

Essential e-commerce feature.

Complete product information
should be easily accessible to
provide transparency and detailed
information, helping avoid returns
and displeased customers.

Essential e-commerce feature.

Client request.

Completion

N

Completion

N

Z

Z



Should Card List Search
Have

Should Essential Product
Have Filters

Should Product Specific
Have Pages

Could Order Merges
Have

Could Buy now button
Have

Could Product

Have recommendations
Won't Product Discounts
have

Epic: Website Ul/UX
Priority Requirement

Must Have Footer

Must Have Landing Page

Must Have Modern Ul

Products can be searched by pasting Enables faster product search,
a card list which could increase sales

Products should be able to be A significant catalogue needs filters

filtered via the following properties so users can browse only the
if available: products they are interested in
- Game type (MTG, Lorcana,

Pokemon, Flesh and Blood, board

games)

- Product type (single or sealed)

- Language (English + other

languages available in the shop)

- Condition (Mint, near mint,

excellent, good, lightly played,

played, poor)

- Price range

Each product should have its own Improved SEO and shareability in
page with descriptive metadata social media

Multiple orders can be merged Some customers make many small

purchases, which is why combining
them into one order would reduce

the workload.

Authenticated users can instantly Make the buying experience easy,

buy a product by clicking the buy and it could increase sales.
now button

Based on cart contents, relevant Potential increase in sales
products would be listed for the

user

A way to show discounted prices The client wasn’t interested

and campaigns

Description Rationale / Benefit

Footer with privacy, Provide required information in a common
refund, terms of location

service, and social

media links

Landing page with shop Essential information for visitors
information, including

location, opening

hours, and services

offered.

Ul rework for a stylish  Improved brand image and UX
and professional look

Z

N

Completion

N

Z



Should
Have

Should
Have

Should
Have

Should
Have

Won’t Have

Won’t Have

Finnish Text

Dark Mode

Fast Navigation

Preference
storage

Localization

Support for

All text on the website
should be in Finnish,
except Shopify data.

The site defaults to the
system theme, but it
can be toggled
between light and dark
themes.

Moving between pages
should be almost
instant

Filter settings and
selected theme should
be saved to local
storage

Finnish will be the only
available language

Older browsers won’t

legacy browsers be supported

Epic: Events

Priority

Must
Have

Should
have

Should
Have

Could
Have

Requirement

Event Calendar

Event Filters

Event Specific
Pages

Online Event
Payment

Description

The updated event
calendar displays
participants, along with
other event details such
as description, price,
date, and start time.

Users can filter events by
game type and store
location

Each event should have
its own page that can be
easily shared on social
media, with descriptive
metadata.

Admin can add events as
products to Shopify to
handle tournament
payments online. They
can verify which
customers have paid in
advance, and refund

More professional image and better
accessibility for the primary user group

Customization promotes positive UX.

Fast performance correlates with more sales

Users don’t have to reapply their preferred
settings every time they enter the site

Nearly all users are Finnish, and foreigners can
utilize automatic translation tools.

Time constraints and small benefit

Rationale / Benefit

Users must know whether events will have
enough participants to proceed with the launch.
Usability should also be improved.

Users can hide events they are not interested
in, making browsing easier.

Advertising specific events and joining them
becomes easier.

Should make tournament organization more
efficient

Z

Z

Z

Completion

N



money if the event is

cancelled.
Could Different Event | Users can toggle between Provides customization for users
Have Views a less detailed monthly

view and a more detailed

weekly view.

Epic: Checkout and Orders

Priority Requirement Description Rationale / Benefit
Must Have  Shopify Payments handled via Shopify Accurate stock
payments synchronization is the
most affordable option
Must Have Landing Page Landing page with shop information, Essential information for
including location, opening hours, and visitors

services offered.

Should Have | Cart Validation Before proceeding to checkout, verify that  Users shouldn’t be able
the items in the cart are still available in the to buy products that
shop and that the minimum order amount  don’t exist. A 1€
of 1 euro has been fulfilled. If validation restriction is used to
fails, the user should be notified. avoid small orders that

cause extra work and do
not provide any financial
gain due to transaction
fees.

Should Have Order Validation Users shouldn’t be able to select letter Avoids users placing
delivery if the criteria aren’t met: the order letter delivery for too
weighs over 50 grams, more than 20 cards  large orders
are chosen, or if the total price exceeds 100

euros.

Epic: Admin & Content Management

Priority Requirement Description

Should CMS The client can make visual

Have changes to the webpage
without deep technical
knowledge or
programming skills.

Could Admin Panel /  Clients can log in with the
Have Page admin account, which
grants access to admin

Rationale / Benefit

Clients can do minor updates and
maintenance by themselves.

Event creation, wishlist statistics,
promotional banners, and seasonal changes

Completion

N

Completion



features, which will be
defined at a later date.

Epic: Non-functional Requirements

Priority

Must
Have

Must
Have

Must
Have

Must
Have

Should
Have

Should
Have

Should
Have

Should
Have

Should
Have

Requirement

Responsive
design

SEO
Optimization

Compliance

Security

LLM Visibility

Availability

Accessibility

Performance
and Scalability

Documentation
and
Maintainability

Description

Seamless UX on different
devices and screen sizes

Include metadata and
achieve 80+ Lighthouse
scores for SEO on all
pages.

User information must be
handled in compliance
with GDPR.

Basic measures should be
taken to address common
web security risks, such as
sanitizing user input and
avoiding exposure of
sensitive APl keys to
clients.

LLM models like Chat GPT
should list Basaari’s
website when a user asks
about Finnish game stores
or buying trading cards in
Finland.

After the initial launch and
any necessary fixes, the
site should be accessible
99% of the time.

Basic accessibility
standards have been
implemented; Lighthouse
score of 80+ on all pages.

Handles moderate traffic
and spikes with minimal
slowdown

A comprehensive README
file should exist that
details how to set up the
development
environment and provides

can be easily managed via the admin panel,

which wouldn’t be possible in the CMS.

Rationale / Benefit

The website is used on mobile and desktop
devices

Improve discoverability to attract more
potential customers.

Required by law.

Proper security measures ensure the site's

safe use and help prevent legal problems and

loss of customer trust.

Better visibility should attract more
customers and boost sales.

Frequent crashes and availability issues
would reduce sales and customer
satisfaction.

The site should be usable for people with
disabilities.

Slowdowns and crashes can negatively
impact UX and sales.

Future updates and maintenance will be
easier and faster to implement when good
documentation exists.

Completion

N

Z



other helpful information
about the codebase. Code
should be self-
documenting and easy to
understand.

8.2 Appendix 2 — Old website images
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