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Abstract: In the present-day digital landscape, websites have increasingly relied on digital marketing
practices, notably search engine optimization (SEO), as a vital component in promoting sustainable
growth. The traffic a website receives directly determines its development and success. As such,
website owners frequently engage the services of SEO experts to enhance their website’s visibility and
increase traffic. These specialists employ premium SEO audit tools that crawl the website’s source
code to identify structural changes necessary to comply with specific ranking criteria, commonly
called SEO factors. Working collaboratively with developers, SEO specialists implement technical
changes to the source code and await the results. The cost of purchasing premium SEO audit tools or
hiring an SEO specialist typically ranges in the thousands of dollars per year. Against this backdrop,
this research endeavors to provide an open-source Python-based Machine Learning SEO software
tool to the general public, catering to the needs of both website owners and SEO specialists. The
tool analyzes the top-ranking websites for a given search term, assessing their on-page and off-page
SEO strategies, and provides recommendations to enhance a website’s performance to surpass its
competition. The tool yields remarkable results, boosting average daily organic traffic from 10 to
143 visitors.

Keywords: search engine optimization; SEO techniques; python SEO tool; machine learning SEO

1. Introduction

Due to the current competitive environment of both for-profit and non-profit orga-
nizations, increasing internet use, change in web searching habits, and the necessity of
acquiring traffic to a website through organic sources rather than paid advertising, websites
of all industries must implement SEO techniques. With the constant updates to search
engine algorithms, these factors serve as only a starting point for a website to maintain its
visibility and relevance.

In just three decades, the Web has rapidly developed, starting from the initial document-
based Web 1.0 that was created in 1990 to the more mobile and social Web 2.0 established
in 1999 and advancing to the semantic Web 3.0 [1]. During earlier times when the number
of websites was considerably lower, users possessed a heightened ability to recall and enter
the precise web address of the desired site. However, in the present day where the Web
boasts nearly 2 billion active websites, users have adopted the practice of utilizing search
engines to retrieve information by inputting relevant keyword phrases [2]. In essence,
search engines function as bookmarks that direct users to specific pages based on their
search queries.

In the realm of website traffic optimization, there exist various channels for websites
to increase their visibility and attract visitors. As elucidated by the Google Analytics
dashboard [3,4], these channels that bring visitors to a website include direct, social,
referral, paid, and organic search traffic. Organic traffic pertains to individuals who em-
ploy search engines as a vehicle to locate their desired information or content [5]. When
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a user inputs a specific keyword into a search engine, a compilation of websites utilizing
that particular keyword is presented, with the volume of traffic a website receives being
significantly contingent upon its ranking in search engines and the resultant organic
traffic [6]. Achieving a high ranking in organic results (SERPs) is often tricky because it
cannot be paid for, and specific ranking factors need to be met to achieve high search
rankings, as described in the guidelines published by search engine companies [4,7].
While these factors are known, search engines have not fully disclosed their impact on
search rankings, as they do not publicize their ranking algorithms or the factors used
in the ranking [8]. Nevertheless, recent studies have investigated the dominant SEO
techniques and their impact on organic traffic [1,9].

In the field of website traffic optimization, a need has emerged to adhere to search
engine guidelines in order to attain a higher position in search results. Without a doubt, for
more than two decades, the research productivity to highlight a plurality of SEO techniques
and their importance in obtaining improved search rankings has been established in a clear
manner. Nevertheless, there is a very limited amount of publications that recommend in an
explicit manner which techniques can be employed by a web admin and in what order to
maximize their website’s SEO outcomes.

Under these circumstances, the necessity to optimize websites following the search
engine guidelines has arisen, with the ultimate aim of attaining a higher position in search
results, and hence greater possibilities to receive clicks and organic search traffic. Prior
research studies have successfully identified the available SEO techniques and their signifi-
cance in achieving better positions in search results. However, none of these publications
explicitly recommend which SEO techniques website owners should utilize and in what
sequence to optimize their SEO outcomes.

Commercial SEO audit tools have been developed to address this gap by scanning the
source code of websites to identify implemented SEO techniques and detect any shortcom-
ings. These tools are offered in freemium versions that enable users to monitor a single
web page and encourage them to purchase the SEO tool to extend scanning to additional
websites. As a result, website owners are required to pay monthly to identify their competi-
tors’ strengths and weaknesses, regardless of whether they are in the early stages or have
an established online presence. While the cost may be manageable for profit-generating
websites, it can be overwhelming for new websites or non-profit organizations. Startups
possess an even more pronounced imperative for engaging in SEO to swiftly capture
visitors, thereby fostering the sustainability of their ventures [10].

The present study aims to develop an open-source Python-based SEO audit software
tool that will be accessible to the general public without charge and perform functions com-
parable to those offered by commercial SEO audit tools at a cost. The overarching objective
is to produce an open-source SEO tool that will provide users with recommendations on
appropriate SEO techniques based on analyzing their competitors’ websites to optimize
their websites for SEO and achieve improved search rankings and traffic.

Section 2 briefly presents an overview of the on-page and off-page SEO techniques
used by the tool and recommended by Google Search Central Documentation’s Webmaster
guidelines [4]. Section 3 explains the process and the rationale behind the creation of
the Python-based SEO tool, which analyzes the website’s source code and competitor
websites. Free APIs are used to extend the tool’s functionality and machine learning to
predict off-page SEO techniques and critical metrics.

Section 4 encompasses the utilization of an SEO tool to examine the competitive
landscape of an operational e-commerce website. The findings suggested the incorporation
of additional SEO techniques into the website’s source code to enhance its prominence
within search engine rankings. The findings of the study were remarkably significant, as the
website experienced a substantial average increase of 143 daily organic visitors following
the implementation of the recommended enhancements derived from the SEO tool. The
incremented organic traffic coming from the proposed SEO tool is noteworthy since the
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corresponding previous average was merely ten daily organic visitors obtained from search
engine results before the integration of our enhancements.

The proposed tool is designed to cater to a wide range of audiences, including website
owners, digital marketers, and SEO professionals who are seeking to optimize their websites
for improved search rankings and increased traffic. By utilizing our open-source Python-
based SEO audit software tool, users can gain valuable recommendations on appropriate
SEO techniques tailored to their specific needs. An important aspect worth highlighting is
that even individuals lacking prior knowledge of SEO principles can benefit from the tool’s
comprehensive instructions, empowering them to independently implement the suggested
SEO modifications on their websites.

One of the main advantages of the software developed for the purposes of this article,
compared to commercial tools, is its initial open-source nature, which makes it accessible
to individuals with limited budgets or non-profit organizations. This particular software
provides an all-in-one solution by offering recommendations for both on-page and off-page
SEO techniques that a website should follow to outperform its competitors. In contrast,
commercial tools specialize either in on-page or off-page SEO, forcing users to purchase
multiple services.

2. Search Engine Optimization Overview

When it comes to optimizing a website for search engines, there are two main cate-
gories of SEO techniques: on-page SEO and off-page SEO. On-page SEO involves making
changes and additions to a website’s source code in order to meet various ranking fac-
tors. Off-page SEO, on the other hand, encompasses actions taken on external websites to
establish credibility for the target website [11].

Below, each of the SEO techniques that will be used in the development of the software
is presented in separate sections. Specifically, the on-page SEO techniques recommended
by the Google Search Central Documentation’s Webmaster guidelines [4] are covered in
Sections 2.1–2.15. In contrast, Section 2.16 focuses on off-page SEO techniques. Many of
the SEO techniques presented also adhere to the Web Content Accessibility Guidelines
(WCAG) standards for Web Accessibility, which can aid elderly and disabled individuals
in attaining equitable access to the web [12,13].

2.1. Title Tag

According to the World Wide Web Consortium (W3C), the title tag is an essential
component of a website as it comprises a mix of terms and phrases that accurately represent
the web page’s content [14]. For a website to be visible in search results, it is crucial to have
a title tag that is brief yet informative [4]. This helps users to grasp the content quickly and
choose the most relevant result.

According to Moz’s testing and experience, an optimal length for the title tag that
satisfies both web users and search engines ranges between 6 and 78 characters [15]. It
has been observed that placing keywords closer to the start of the tag can have a more
profound effect on search rankings [15]. However, creating misleading title tags through
keyword stuffing techniques can lead to search engines substituting the title with a more
relevant tag based on the content of the web page [4,16].

2.2. SEO-Friendly URL

A Uniform Resource Locator (URL), also referred to as a RESTful, search-friendly,
or user-friendly URL, is a text that is easily understandable by humans and outlines
the organization of files on a web server. The URL is composed of three fundamental
components: the access protocol, the domain name, and the path [17].

The URL of a website plays a crucial role in determining its ranking on search engines
and connecting it to relevant search queries [1,9]. A well-structured URL can provide
search engines and visitors with a clear understanding of the content of a page even before
it is visited [18]. In order for URLs to be optimized for search engines, they should be
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concise, simple, and easy to comprehend, making use of words, hyphens, and slashes [4,11].
Conversely, URLs that include symbols such as ampersands, numbers, words, and question
marks are considered non-SEO-friendly [19]. Additionally, according to the Moz SEO
learning center, URLs should not exceed 2083 characters in length to ensure proper display
across all browsers and visibility in search results [20].

2.3. Alternative Tags and Image Optimization

The file size of integrated images is a pivotal element that impacts the loading time of
a website. When the file size of an image surpasses 100 kb, it poses a formidable obstacle for
users to retrieve the image, despite advancements in internet speeds [1]. In order to tackle
this predicament, numerous image compression formats have been developed. Among
these, Google’s WebP stands out as a contemporary image format that provides a lossless
compression of up to 26% compared to the original image [21].

In the realm of search engine optimization (SEO), alternative tags (alt tags) hold a
significant role in enhancing website accessibility and visibility. While computer vision
and machine learning algorithms may not always accurately recognize image content,
alt tags provide a text description that can benefit visually impaired users and search
engine bots alike [4,13,22]. Moreover, incorporating targeted keywords in alt tags when
integrating images into content can boost the website’s SEO ranking [11,13]. Alongside
alt tags, image file names are also essential for SEO, and the optimization techniques
used for creating SEO-friendly URL structures can be applied to develop SEO-optimized
image file names.

2.4. Link HREF Alternative Title Tags

In the context of website optimization, links play a vital role in both user navigation
and search engine indexing. To ensure optimal user experience, users tend to hover
over links to preview the destination page. Similarly, search engines rely on links to
understand the content of the linked pages [23]. In this regard, the title tag serves as a
crucial element in facilitating both search engines crawling comprehension regarding the
website’s structure and users’ choices of navigation both through internal and external
linking opportunities.

2.5. Meta Tags

The meta description tag, situated after the title tag within the head container of a
webpage [14], serves as a concise summary of the content found on the page. When a user
clicks on a search result, they are presented with the page’s title, URL, and meta description.
Search engines also use the meta description to provide searchers with an understanding
of what the page contains [8,11]. SEO specialists work to optimize meta descriptions to
make them compelling and relevant to the website’s content [23]. According to engine
guidelines [4,7], the meta description should contain between 51 and 350 characters includ-
ing the target keyword; a guideline that had already been proved that optimizes website
ranking in SERPs [1,22]. Although having metadata can improve a webpage’s ranking,
search engines like Google may choose not to use the meta description as the search result
description due to its potential for being misleading [3].

2.6. Heading Tags

The HTML language specifies six heading tags, H1 through H6, adhering to w3c
web standards [24]. Google Central Blog recommends the use of heading tags by web
administrators to designate important content [4]. Search engines assign greater signifi-
cance to headings than to regular body text, rendering them an essential element of a
webpage [14]. Moreover, headings can benefit screen readers that aid users with visual
impairments [13]. For SEO purposes, the primary keyword should appear in both the
H1 and H2 tags, and the length of headings should range between 10 and 13 words [18].
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Should the title tag be deemed misleading, search engines frequently substitute the H1
tag and present it in the SERPs.

2.7. Minified Static Files

Minification is a process that involves the removal of superfluous data from JavaScript,
CSS, and HTML files while preserving their functionality, including the elimination of
comments, formatting, and the shortening of variables and function names [4]. It is strongly
recommended that website files be kept lightweight, as well as images, to enhance page
loading times and improve the user experience [1]. By minimizing files, website loading
times and search engine optimization (SEO) results can be improved; research has shown
that load times can decrease by up to 16% and file sizes can be reduced by up to 70% [25].
Furthermore, minification can improve website security by substituting meaningful variable
and function names with shorter and more obscure ones, making the code more difficult to
interpret and comprehend [26].

2.8. Sitemap and RSS Feed

A sitemap is a file that furnishes information about a website’s pages and their inter-
connections [4]. This, in turn, aids search engines in comprehending the crucial pages on
the site, their update frequency, and the availability of alternate language versions [23].
Sitemaps are especially crucial for expansive websites with copious pages, as they en-
able search engine crawlers to navigate the site proficiently [4,23]. Multiple formats are
supported for sitemaps, including XML, RSS, and plain text, with XML being the most
prevalent. It is advisable for web administrators to submit their sitemap to search engine
submission tools to expedite the indexing process [6].

The utilization of an RSS feed is a crucial determinant in enhancing a website’s search
engine visibility [9,27]. The primary purpose of RSS feeds is to notify visitors about newly
added content on a website, and they are also utilized by search engine bots to expedite the
discovery of new content. Unlike static XML sitemaps, the RSS feed offers a more dynamic
portrayal of the website’s internal linking structure.

2.9. Robots.txt

The robot exclusion protocol, of which the robots.txt file is a component, delineates a
roster of website URLs that ought not to be accessible to search engine crawlers [4]. This
encompasses URLs such as administrative panels on websites constructed with Content
Management Systems, as well as other pages that crawlers should avoid accessing. By
enlisting URLs in the robots.txt file, search engines are notified that these pages should not
be accessed and should not be included in search results.

2.10. Responsive and Mobile-Friendly Design

Even from 2015, 50% of individuals who access the internet employ mobile devices
during the information-seeking process [28], while there is a noteworthy increase in
website traffic coming from mobile devices over the last three years [29]. Among these
users, around two-thirds ultimately make a purchase. This trend has resulted in the
prevalence of smartphones outpacing that of personal computers in many countries [4].
It is crucial for websites to be optimized for mobile use in order to maintain an online
presence in the face of this increasing user cohort [4]. Google has developed a mobile-
friendly test tool to assess whether a website is compatible with mobile devices by
scrutinizing its constituent elements [30]. CSS frameworks such as Bootstrap, UIKIT,
Materialize, Bulma, and others that exhibit responsive design offer various design
templates that are compatible with all devices [19].

2.11. Webpage Speed and Loading Time

The speed with which a webpage loads plays a pivotal role in the ranking of search
engines and is of utmost importance in obtaining superior outcomes in the SERPs [31].
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The speed of a webpage is regarded as one of the fundamental components of a website
by search engines. Slow loading times are capable of dissatisfied users, decreasing in a
significant manner their engagement with the provided website content in terms of the
depth of exploration and the visit duration [32]. Several tools, including GTMetrix, Google
Lighthouse, SiteAnalyzer, and Pingdom, allow website owners and users to perform speed
assessments on websites [33].

Google has created a pair of tools, namely Lighthouse and PageSpeed Insights, to
facilitate website administrators in the monitoring and improvement of website efficacy.
These tools gather data from a website and generate a performance rating, as well as an
approximation of potential savings. The crucial divergence between these tools rests in the
fact that Lighthouse utilizes laboratory data to evaluate website performance on a singular
device and a predetermined set of network scenarios, whereas PageSpeed Insights employs
both laboratory and field data to evaluate website performance across a diverse range of
devices and real-world circumstances.

After assessing the performance score generated by the Lighthouse and PageSpeed
Insights tools, website administrators can implement recommended modifications to en-
hance loading speed time and overall website performance [34]. Similar techniques are
also utilized by the Pingdom tool [35].

2.12. SSL Certificates and HTTPS

The utilization of HTTPS (Hypertext Transfer Protocol Secure) as a communication
protocol on the internet is aimed at ensuring the confidentiality and integrity of data
transmission between users’ computers and websites. It is expected that users have a
secure and private online experience while accessing websites [4]. Search engines prioritize
websites with SSL certificates in their SERPs (Search Engine Results Pages) for security
reasons [33]. Additionally, Google Chrome Browser underscores the importance of SSL
certificates by alerting users with warnings during website navigation, indicating the
security status of the website [36].

2.13. Accelerated Mobile Pages (AMP)

The proliferation of mobile devices has led to a significant increase in mobile users,
surpassing 7.7 billion by the close of 2017 [37]. To optimize the mobile browsing experi-
ence, Google introduced the Accelerated Mobile Project (AMP) [38]. AMP eligibility is
determined by Google and the source code of qualifying pages is cached on Google’s web
servers [39]. Mobile users who click on an AMP search result are immediately served the
cached copy from Google’s server, eliminating network delays [4]. Consequently, mobile
users can access desired information swiftly. Web pages that adhere to AMP criteria earn
higher rankings in mobile SERPs [38]. Nevertheless, conforming to AMP standards is
arduous [37,40], despite the efficacy of the AMP technology in enhancing both web page
performance and search engine ratings.

2.14. Structured Data

The collaborative community of Schema.org is devoted to the creation, maintenance,
and promotion of structured data schemas for use on the internet, including web pages and
email messages, among other applications [41,42]. Structured data provides a standardized
format for conveying information about a website and organizing its content. Schema.org
vocabulary can be employed with various encodings, including Microdata, JSON-LD, and
RDFa [19]. By integrating schema markup into a website’s HTML source code through
semantic annotations, search engines can comprehend the meaning of content fragments
and furnish users with enriched information in search results [43]. The use of markup
formats is increasingly prevalent in the semantic web, largely due to the endorsement
of major search engines [44]. Google incentivizes the utilization of structured data by
presenting rich results or snippets in SERPs, including information about product pricing
and availability [1].
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2.15. Open Graph Protocol (OGP)

OGP, which stands for Open Graph Protocol, is a type of structured data that has
been developed by Facebook. This protocol enables external content to be seamlessly
integrated into the social media platform [44]. With the use of OGP, any web page can be
transformed into a rich object within a social graph, thereby providing it with the same level
of functionality as any other object found on Facebook [45]. Whenever a link to a website
is shared on social media, bots on the platform will typically look for three important
elements on the webpage: its title, the image, and a brief summary or description. By
pre-marking these elements using OGP, web administrators can facilitate the display of
desired results by social media bots. OGP, like other structured data formats, provides
a more enriched experience for both search engines and social media users, which can
positively impact their decision to visit the website [19].

2.16. Off-Page SEO Techniques

Off-page search engine optimization (SEO) techniques encompass ranking factors
that are external to a web page’s content and are susceptible to various external influ-
ences [2,33]. The strategy employed for off-page optimization involves creating backlinks
on other credible websites, which can enhance the authority of the website’s domain
and pages [6]. The most critical factor in off-page SEO is the quantity and quality of
backlinks to a website, which can be accomplished by generating valuable content that
people are likely to link to [11]. Search engines consider links as votes, and web pages
with numerous links are frequently positioned higher in search results [3]. A variety
of off-page techniques, such as profile backlinks, guest posts, comment backlinks, and
Q&A, can influence a website’s authority and position in search results [11]. Accord-
ing to Google’s founders in their 1998 publication, anchored links comprise the target
keyword of the destination website, which can provide a more precise description of
web pages than the pages themselves [46]. To rank higher in search results, the target
keyword must be utilized in both on-page and off-page pages [3]. Although off-page
SEO techniques can have a positive impact on website ranking, search engines warn
website administrators that creating backlinks to manipulate search engine rankings
could lead to the website being removed from search results [1]. Despite the initial surge
in traffic these tactics may yield, the lasting repercussions can transform the acquired
links into harmful entities, ultimately subverting the intended purpose and leading to a
lack of sustainable online gains [10].

SEO professionals utilize the domain authority (DA) metric to simulate a website’s
ranking based on its perceived significance. Developed by MOZ, this metric ranges between
DA1 and DA100, with higher values indicating greater website importance [47]. Backlinks
from high DA websites are more likely to result in preferential treatment by search engines
in their rankings. It is important to note that search engines do not rely on the DA metric
to determine web page placement in search results. Rather, the DA metric serves as an
indicator and simulation tool utilized by SEO experts to model the algorithms utilized by
search engines. We adopt this metric to our audit software as an approach that already has
been adopted and tested in prior research efforts [48,49].

3. Materials and Methods

This section presents the approaches and methodology followed to create the SEO
Audit software. Furthermore, a comprehensive depiction is provided regarding the
Python packages, external APIs, and machine-learning techniques utilized during the
software development process. It is noteworthy to mention that the software devel-
oped for the purposes of this article is openly accessible as an open-source repository
on GitHub [50].

The methodology followed for the creation of the software, model training, and the
utilization of the software in a specific case study is described in the following 15 steps:

1. Identification of on-page and off-page SEO techniques;
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2. Development of functions that detect SEO techniques in the source code of the web-
page for each SEO technique;

3. Creation of classes containing SEO techniques;
4. Integration of the software with a third-party API for fetching SERPs;
5. Integration of the software with third-party APIs for gathering data related to speed,

responsive design, and Domain Authority;
6. Generation of a dataset from live websites with measurements for Domain Authority,

Linking Domains, and Backlinks;
7. Training of the Random Forest Regression model to predict Linking Domains and

Backlinks based on Domain Authority;
8. Evaluation of the model’s results;
9. Selection of a high-traffic relevant keyword;
10. Collection of ranking data for websites ranking on the first page of SERPs for the

specific keyword;
11. Competitor analysis using the SEO audit tool;
12. Assessment of a live e-commerce site before implementing SEO techniques and

keyword targeting;
13. Application of the SEO techniques suggested by the software audit tool to the target

e-commerce site;
14. Collection of ranking data after 85 days of implementing SEO techniques on the

targeted e-commerce site;
15. Evaluation of traffic results from Google Analytics for the e-commerce site.

3.1. SEO Tool Functionality and APIs

The current article presents an SEO tool that requires the provision of a live website’s
URL and a target keyword by the user, with the objective of attaining a first-page ranking for
the specified keyword. To attain such a ranking, both on-page and off-page SEO techniques
must be superior to or at least comparable with those employed by competitors. The SEO
tool, therefore, adopts a methodology that entails the detection of competing websites for a
specific keyword, followed by a comprehensive competitor analysis of their on-page SEO
techniques. The tool then employs free APIs and machine learning to identify competitors’
off-page techniques. Once these data are obtained, the SEO tool scans the user’s website
to identify both on-page and off-page SEO techniques following a similar methodology.
Equipped with knowledge regarding the strategies employed by competing entities, the
SEO tool proffers SEO recommendations for the website at hand. Implementation of these
suggested solutions has the potential to facilitate a first-page ranking and increase the
target website’s traffic.

Sections 3.1.1–3.1.3 present the methodology and rationale for implementing the
SEO tool.

3.1.1. Retrieve Search Engine Results Pages from Google (SERPs)

The intention was to utilize a software program for scraping Google’s search results.
However, while developing the corresponding method, it was discovered that multiple
requests from the same IP were detectable by Google’s search engine, leading to the
software being blocked after a few requests. To mitigate this challenge, proxies were
integrated into the SEO tool, allowing for the rotation of IP addresses at regular intervals.
While the free-proxy package [51] was functional, it primarily utilized free public proxies
often already blocked by Google. The purchase of premium proxies was considered but
conflicted with the article’s principles as an open-source solution.

Consequently, the ZenSerp API [52] was employed, which retrieves Google search
results in JSON format through an API request. Users can access up to 50 API requests per
month without a subscription by creating an account. Upon receiving a target keyword
from the user, the SEO tool utilizes the ZenSerp API to make a request, resulting in the
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first-page search results being returned in a JSON-structured format. These results are then
processed and stored in a Python dictionary.

3.1.2. SEO Techniques Methods and Python Packages

The code employs several libraries to enable its functionalities:

• The requests library is utilized to make API requests, while the JSON library is used to
convert JSON data into a Python dictionary.

• The urllib.parse library is used to parse the URL in the get_robots(URL) function.
• The re library, which supports regular expressions, is also used in the code.
• The csv library is used to save the dictionary to a CSV file.
• The BeautifulSoup library is also employed for web scraping purposes, allowing the

code to extract data from HTML files.
• Finally, the Mozscape library obtains a website’s domain authority.

These libraries enable the code to perform various tasks, from making API requests
and parsing URLs to scraping websites and retrieving data on domain authority.

The SEO audit software described in Section 3.1.1 comprehensively analyzes each
website listed in the dictionary. To achieve this, the tool employs a web scraping tech-
nique that involves searching the website’s source code for on-page SEO techniques.
The tool utilizes 24 individual SEO metrics that are briefly described in Sections 2.1–2.16,
with each one designed to identify a specific on-page SEO technique within the code.
A comprehensive list of these techniques and associated methods are provided in
Appendix A, Table A1. The tool’s ability to identify and analyze on-page SEO techniques
plays a critical role in its effectiveness in proposing solutions for website optimization
and ranking improvement.

3.1.3. External APIs

To enhance the functionality of the SEO tool, four APIs were integrated into its code to
perform a thorough analysis of the targeted website. These APIs include the PageSpeed
Insights API, Mobile-Friendly Test Tool API, Mozscape API, and the Google SERP API.
By utilizing these APIs, the SEO tool can provide valuable insights into different aspects
of the website’s performance, including its mobile usability, page speed, search engine
ranking, and domain authority. Integrating these APIs helps the SEO tool perform a
deep analysis of the website and identify areas for improvement in terms of on-page and
off-page SEO techniques. Additionally, using these APIs allows the SEO tool to provide
specific recommendations on addressing any issues found during the analysis. Overall,
integrating these APIs dramatically enhances the functionality and effectiveness of the SEO
tool, enabling website owners to optimize their website’s performance and improve its
visibility on search engine result pages.

• Mobile-Friendly Test Tool API, developed by Google, is a web-based service verifying
a URL for mobile-usability issues. Specifically, the API assesses the URL against
responsive design techniques and identifies any problems that could impact users
visiting the page on a mobile device. The assessment results are then presented to the
user in the form of a list, allowing for targeted optimizations to improve the website’s
mobile-friendliness [30].

• PageSpeed Insights API, developed by Google, is a web-based tool designed to mea-
sure the performance of a given web page. The API provides users with a compre-
hensive analysis of the page’s performance, including metrics related to page speed,
accessibility, and SEO. The tool can identify potential performance issues and return
suggestions on optimizing the page’s performance. This allows website owners to
make informed and specific decisions regarding speed optimization that can be made
to improve user experience and overall page performance [53].

• Mozscape API, The Mozscape API, developed by MOZ, is a web-based service
that provides accurate metrics related to a website’s performance. Specifically,
the API takes a website’s URL as input and returns a range of metrics, including
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Domain Authority. Domain Authority is a proprietary metric developed by MOZ
that measures the strength of a website’s overall link profile. The metric is calculated
using a complex algorithm that considers various factors, such as the quality and
quantity of inbound links. It objectively assesses a website’s authority relative to
its competitors. The Mozscape API is a valuable tool for website owners and SEO
professionals seeking insights into their website’s performance and improving their
overall search engine rankings [47].

• Google SERP API, developed by ZenSerp API, is a web-based service that allows users
to efficiently and accurately scrape search results from Google. The API is designed
to provide users with a seamless experience, offering features such as rotating IP
addresses to prevent detection and blocking by Google and returning search results
in a JSON-structured format. The tool is a valuable asset for SEO professionals and
website owners seeking to gain insights into their website’s performance and improve
their search engine rankings. The Google SERP API developed by ZenSerp API is
an efficient and reliable tool for web scraping, offering accurate search results and
facilitating the process of data analysis and SEO optimization [52].

3.2. Machine Learning

Two additional factors that must be considered for ranking a website in searches, as
mentioned in Section 2.2, are the number of backlinks and linking domains. Backlinks refer
to the number of links from third-party pages that point to the target page, while linking
domains refer to the number of unique domain names that point to the target page.

In the third subsection of Section 3.1, the Mozscape API was utilized to acquire the
domain authority (DA) of both the user’s webpage and its competitors. However, the DA is
computed through intricate algorithms that consider the authority of each backlink directed
toward the page. Gathering, collating, and storing links for each website incur significant
costs for the providers, amounting to millions of dollars. Consequently, these companies
offer limited information regarding the number of backlinks and linking domains only for
individual searches rather than in an API format. While collecting this information through
an API is feasible, it often involves a cost exceeding $3000 per year and limitations on the
Rows returned by the API.

Rather than subscribing to an external service—that could burden significantly the
budget of an organization independently of its size—our approach involved developing two
prediction models employing machine learning techniques. These models were designed
to forecast the number of backlinks and linking domains based on the Domain Authority.
To train these models, we manually collected data on the domain authority, the number of
backlinks, and the number of linking domains for a sample of 150 live websites selected
from the DMoz Open Directory Project (ODP). The data was compiled in a CSV file and
utilized for model training. Subsequently, pre-trained files were generated from the trained
models to enable the SEO tool to expedite predictions.

3.2.1. Model Training

Appendix B Figure A1 depicts the methodology employed for model training and
the generation of pre-trained models employed by the SEO software. The implementation
relies on the utilization of three distinct libraries.

1. Pandas is a widely used Python library that offers an extensive array of functions for
manipulating and analyzing data. Its functionalities include support for data frames
and series, which enables structured data processing [54]. The software employs
pandas to read the data from a CSV file, preprocess it, and create new data frames to
store the independent and dependent variables.

2. Scikit-learn is a machine-learning Python library that offers a diverse set of tools for
data analysis and modeling [55]. In this software, scikit-learn is employed to train
and evaluate the Random Forest Regression models.
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a. RandomForestRegressor is a class implemented in the scikit-learn library that
embodies the Random Forest Regression algorithm [55]. This class is utilized in
the code to train Random Forest Regression models, which are utilized to make
predictions of the dependent variables, namely Backlinks and LinkingDomains,
based on the independent variable, DA. The RandomForestRegressor technique
operates as an ensemble approach, seamlessly blending numerous decision
trees to forge a sturdy and precise model. Its versatility spans both regression
and classification tasks, rendering it a fitting selection for prognosticating
numerical metrics such as backlinks and linking domains. Also, they are
less prone to overfitting compared to individual decision trees. They create
multiple trees and aggregate their predictions, reducing the risk of learning
noise in the data. This can lead to more reliable and stable predictions, which
is crucial when dealing with real-world data. Finally, by training multiple
trees and combining their predictions, random forests tend to be less sensitive
to fluctuations in the dataset, resulting in a more consistent performance
across different subsets of data.

b. train_test_split is a function incorporated in the scikit-learn library, which
is employed to partition the dataset into training and testing sets [55]. This
function randomly splits the data into two separate subsets, where one is used
for training the machine learning model, and at the same time, the other is
utilized for testing its performance.

c. The mean_squared_error function in scikit-learn is a mathematical function
that calculates the mean squared error (MSE) between the actual and predicted
values of the dependent variable. In the context of the presented software, this
function is used to evaluate the performance of the trained Random Forest Re-
gression models on the testing data. It measures the average squared difference
between the actual and predicted values, where a lower MSE indicates a better
fit of the model to the data [55].

3. Joblib is a Python library that provides tools for the efficient serialization and deserial-
ization of Python objects [56]. In this software, it is used to store the trained models on
disk and retrieve them later to make predictions on new data. By storing the models
as files, the trained models can be shared and used in other applications without
retraining. This also enables efficient storage and retrieval of models, which can be
especially useful for larger models requiring significant computational resources.

During the model training phase, the first step involves loading a CSV file named
‘Dataset.csv’ into a pandas DataFrame object ‘data’. Subsequently, the independent variable
‘DA’ and dependent variables ‘Backlinks’ and ‘LinkingDomains’ are extracted from ‘data’
and stored in separate pandas series labeled as ‘X’, ‘y1’, and ‘y2’, respectively.

Next, data is split into training and testing sets utilizing the train_test_split function
of scikit-learn. Two Random Forest Regression models are then trained using the training
data, one to predict ‘Backlinks’ (rf1) and the other to predict ‘LinkingDomains’ (rf2). Both
models are trained using 100 trees and a random state of 42.

The trained models’ performance is then assessed on the testing data, utilizing the
mean squared error metric, which measures the average squared difference between the
predicted and actual values of the dependent variable. The resulting mean squared error
values are stored in ‘mse1’ and ‘mse2’ variables and printed to the console.

Finally, the pre-trained models are saved to disk using the joblib.dump() function. The
function generates two separate files, named ‘da-to-backlinks.joblib’ and ‘da-to-linking-
domains.joblib’, which will be utilized in production mode for making predictions.

The ipynb files for model training, as well as the CSV and joblib pre-trained files, are
available on GitHub [50].

To assess the model’s outcomes for the specific task, we conducted two distinct
regression analyses.
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1. The results of the regression analysis reveal valuable insights into the relationship
between the DA and LinkingDomains variables. The p-values associated with
the coefficients provide critical information about the statistical significance of
each variable in the model. The p-value for the variable “DA” is exceptionally
low at approximately 8.85 × 10−98 indicating an extremely high level of statistical
significance. This suggests a strong relationship between the “DA” variable and the
predicted “LinkingDomains” values. The R-squared value of 0.93 further reinforces
the model’s effectiveness in explaining the variation in the dependent variable.
With an R-squared value close to 1, it can be inferred that around 93% of the
variation in “LinkingDomains” is accounted for by the linear relationship with
“DA.” This robust R-squared value signifies that the regression model provides a
compelling fit to the data, underlining its predictive capability and potential for
insights into the relationship between these variables.

2. The regression analysis conducted on the relationship between Domain Authority
(DA) and Backlinks has also generated significant insights. The Ordinary Least
Squares (OLS) regression model demonstrates a strong fit to the data, with an
R-squared value of 0.630, implying that approximately 63% of the variability in
Backlinks can be explained by changes in Domain Authority. The F-statistic of
282.7 with a corresponding p-value of 1.10 × 10−37 highlights the overall signif-
icance of the model, suggesting that the model as a whole is able to predict the
Backlinks effectively.

The results from the regression analysis are presented in scatterplots in Figure 1.
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3.2.2. Predictions Based on DA

In the Prediction Phase, a Python class called “Predict” is defined (Appendix B
Figure A2), consisting of two methods that take a value of “DA” as input and use pre-
trained machine learning models to make predictions. The pre-trained models are loaded
from disk using the joblib.load function and stored in the variables rf1 and rf2. The
predict_backlinks and predict_linking_domains methods utilize the rf1 and rf2 models,
respectively, to predict the values for Backlinks and LinkingDomains for the new data
point. The resulting predicted values for Backlinks and LinkingDomains are returned to
the SEOTechniques file for further use.

4. Results

Section 2 provides a concise and informative analysis of the on-page and off-page
search engine optimization (SEO) techniques implemented by the tool, officially sanctioned
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by the Webmaster guidelines of the Google Search Central Documentation [4]. Addition-
ally, Section 3 presents a comprehensive explanation regarding the development of the
Python-based SEO tool, emphasizing the underlying processes. The tool’s functional-
ity encompasses an in-depth SEO analysis of the website’s source code and competitor
websites for a given keyword. The integration of freely available APIs was employed to
expand its capabilities, while the incorporation of machine learning techniques facilitated
the prediction of off-page SEO techniques and essential metrics.

In this section, the study undertook a comprehensive analysis of the competitive
environment of an online e-commerce website using the SEO software. The principal
aim was to propose additional SEO techniques to be integrated into the website’s source
code, thereby augmenting its visibility and positioning within search engine rankings
for a given keyword.

The software initially requested the URL of the target website and the target keyword.
Utilizing the ZenSerp API, it retrieved the organic search results from Google using the
target keyword as the search term. For each of the eight competitive websites (Table 1
C1 to C8), it identified the on-page SEO techniques and technologies they employed.
Simultaneously, by making API requests to the Mobile-Friendly Test Tool, PageSpeed
Insights, and Mozscape APIs, it extracted data related to the responsive SEO technique,
web page speed, and Domain Authority for each website. Additionally, leveraging the
pre-trained models and utilizing the Domain Authority data, predictions were made for
each website’s number of Backlinks and Linking Domains.

Table 1. SEO Analysis for Competitors’ and User’s Websites (report-seo_competitors_table.csv).

SEO Techniques/Page C1 C2 C3 C4 C5 C6 C7 C8 U

position 1 2 3 4 5 6 7 8 0
amp (Section 2.13.)

images_alt (Section 2.3.)
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A similar procedure was employed for the URL of the provided e-commerce website
(Table 1 U). Subsequent to the successful execution of the script, three CSV files were
generated, each corresponding to Tables 1–3 for presentation and analysis.

Table 1 showcases the SEO techniques along the y-axis alongside the respective ranking
positions of the competitive websites within the organic search results for the specified
keyword. The x-axis encompasses the eight competitive websites (C1-C8) and the URL
of the e-commerce website (U). The presence of a check symbol signifies the successful
implementation of particular SEO techniques on each respective webpage. Conversely, in
instances where a web page has not incorporated the aforementioned SEO technique, the
corresponding field remains devoid of any information. Consequently, Table 1 facilitates
the assessment of applied SEO techniques by the competition and the user’s own website,
providing valuable insights into their respective practices.

Considering the widespread adoption of a particular SEO technique by the majority
of the competition, it is advisable for the user’s website to incorporate the same, provided
it has not already accomplished this. Table 2 presents recommendations generated by
the software pertaining to SEO techniques predominantly followed by the competition,
which the user’s website would benefit from implementing. In cases where a deficiency in
the application of an SEO technique is identified, the tool offers comments and outlines
SEO rules, accompanied by web references, to guide the user in effectively applying the
recommended SEO technique.

In recognition of the fact that the techniques employed by the competition may not
necessarily yield optimal outcomes, the software advises the user to implement any SEO
techniques that are absent from their website, irrespective of whether or not they are
followed by the competition (Table 3). By doing so, the user can enhance their website’s
overall SEO performance and potentially surpass the outcomes achieved by competitors.
Due to the comprehensive nature of the suggestions generated by the SEO tool for the
website, a concise representation is chosen, wherein only one recommendation out of the
twelve proposed by the SEO tool is presented.

Based on the findings derived from the utilization of the SEO tool, it was observed
that the website under scrutiny faced a substantial level of competition, as indicated by
the presence of e-commerce entities with domain authorities exceeding 10. Concurrently,
the analyses conducted unveiled that the predominant competitors enjoyed considerable
support from SEO groups that had implemented advanced SEO techniques, such as open
graph protocols or json_ld structured data. These sophisticated strategies contributed
significantly to their enhanced search engine optimization efforts.

Live e-commerce, as a new e-commerce venture, struggled to gain more than
10 organic visitors per day due to a lack of targeting specific high-traffic keywords. For this
particular case study, the keyword “πασχαλινές λαµπάδες” (Easter candles) was identi-
fied, which was characterized as high traffic based on Google Ads measurements for the
given period. The e-commerce site did not even appear in the top 10 pages of organic
search results for this specific keyword, indicating a lack of keyword targeting as well as
the implementation of on-page and off-page SEO techniques.

As stated in the introduction section, the cost for a web administrator to hire an SEO
specialist is quite significant for a new e-commerce venture. This is further compounded
by the supplementary costs requisite for the SEO specialist’s utilization of premium
SEO software, which, in turn, furnishes a repository of critical insights and data to
more effectively propel the e-commerce enterprise. In contradistinction, the present
software embodies an open-source, comprehensive solution capable of assisting each web
administrator comprehensively in confronting competitive pressures. It encompasses
both on-page and off-page SEO competitor analysis, alongside an SEO audit replete with
recommendations tailored to enhance the performance of their respective websites and
e-commerce platforms.



Informatics 2023, 10, 68 15 of 24

Table 2. SEO recommendations based on Competition (report-suggestions_based_on_competition.csv).

Missing SEO Technique Comments SEO Rules

gzip
It is suggested to use the [gzip] SEO technique,

which the majority of the competition have
also applied.

- Google Developers—Optimize Encoding and Transfer Size of Text-Based Assets:
https://developers.google.com/web/fundamentals/performance/optimizing-content-efficiency/
optimize-encoding-and-transfer (accessed on 18 August 2023).

- Mozilla Developer Network—HTTP compression:
https://developer.mozilla.org/en-US/docs/Web/HTTP/Compression (accessed on 18 August 2023).

- GTmetrix—What is Gzip Compression?: https://gtmetrix.com/enable-gzip-compression.html (accessed
on 18 August 2023).

- BetterExplained—The Importance Of Gzipping Your Website:
https://betterexplained.com/articles/how-to-optimize-your-site-with-gzip-compression/ (accessed on
18 August 2023).

Table 3. SEO recommendations based on SEO tool (report-seo_tool_suggestions.csv).

Missing SEO Technique Comments Data SEO Rules

links_title

The links on the WebPage are missing
title tags. It is recommended to add title
tags to all links for better user experience

and SEO optimization.

{‘/service/xondriki-polisi’: “, ‘product/bazo-130-mL-451’: “,
‘product/bazaki-me-fello-524’: “, ‘product/bazaki-me-fello’: “,
‘product/bazo-130mL-396’: “, ‘product/lampada-gamou-f12cm-20-cm’: “,
‘product/pasxalini-lampada-strogguli-krakele-mob’: “,
‘product/pasxalini-lampada-strogguli-krakele-prasini’: “,
‘product/lampada-gamou-tetragoni-masif-12cm12cm-22cm’: “,
‘product/parafinelaio’: “, ‘product/pasxalini-lampada-plake-xusti-sapio-milo’: “,
‘product/ekklisiastiko-keri-n1’: “, ‘product/kormos-apo-keri-f9cm95cm-455’: “,
‘product/parafini’: “, ‘product/keri-citronella-n1’: “,
‘product/premium-futika-keria-me-kapaki’: “, ‘product/potiri-vintage’: “,
‘product/potiri-stroggulo’: “, ‘product/kormos-apo-keri-9cm-9-cm-15cm’: “,
‘product/bazaki-me-fello-323’: “, ‘product/antipagotiko-keri’: “,
‘product/pasxalini-lampada-strogguli-mob’: “,
‘product/pasxalini-lampada-plake-krakele-prasini’: “,
‘product/lampada-baptisis-roz’: “, ‘product/akatergasto-prosanamma’: “,
‘product/pasxalini-lampada-strogguli-xusti-galazia’: “,
‘product/premium-futika-keria-me-kapaki-418’: “,
‘product/pasxalini-lampada-plake-xusti-galazia’: “,
‘product/pasxalini-lampada-plake-galazia’: “,
‘product/lampada-baptisis-galazia’: “, ‘product/set-kormon-apo-keri-339’: “,
‘product/ekklisiastiko-keri-n1-500gr’: “, ‘product/potiri-funky-xalkino’: “,
‘product/potiri-koukounara’: “}

- Example: <a href=“...” title=“...”>
- According to Google’s Search Engine

Optimization (SEO) Starter Guide, adding
descriptive title tags to your links can help both
users and search engines understand the content
of your pages. Google also considers title tags as a
ranking factor for search results.

- The Web Content Accessibility Guidelines
(WCAG) also recommend using descriptive text
for links, including title attributes, to ensure
accessibility for people with disabilities.

- Moz, a leading SEO software provider, also
recommends using descriptive title tags for links
as a best practice for SEO optimization.

https://developers.google.com/web/fundamentals/performance/optimizing-content-efficiency/optimize-encoding-and-transfer
https://developers.google.com/web/fundamentals/performance/optimizing-content-efficiency/optimize-encoding-and-transfer
https://developer.mozilla.org/en-US/docs/Web/HTTP/Compression
https://gtmetrix.com/enable-gzip-compression.html
https://betterexplained.com/articles/how-to-optimize-your-site-with-gzip-compression/
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By adhering to the on-page and off-page SEO recommendations outlined by the
SEO tool and incorporating a total of 17,324 backlinks originating from 211 distinct
referring/linking domains, the e-commerce website achieved a notable placement on the
first page of search results for the targeted keyword. Specifically, the website secured the
fifth position in the organic search results. Web pages that rank higher in search results,
particularly on the first page of search listings, increase their chances of being clicked
by searchers.

The presented results are focused on targeting a single keyword and could be multi-
plied if multiple keywords were targeted simultaneously.

To visualize the website’s traffic patterns, Figure 2 presents the traffic data recorded by
Google Analytics, spanning from 26 February 2023 to 20 May 2023. The x-axis of Figure 2
represents the duration, in days, required for the implemented SEO modifications to mani-
fest noticeable effects on website traffic. Conversely, the y-axis denotes the corresponding
levels of website traffic. Day 0 signifies the initial day following the implementation of
all suggested SEO techniques recommended by the software, at which point the user an-
ticipates the detection of these changes by the Google search engine and the subsequent
repositioning of the web page to a more suitable/higher ranking. Remarkably, within a
span of 85 days, subsequent to incorporating the suggested modifications proposed by
the SEO tool, a substantial increase in traffic occurred, with an average of 143 additional
visitors per day. Out of the total 6270 visitors, the breakdown is as follows: 4518 originated
from organic search, 1431 from direct traffic, 316 from paid traffic, and five from referral
traffic. The attainment of first-page search rankings, along with the organic traffic increase
constitutes a solid steppingstone to increase the online sales. A fact that we will continue to
examine in our future efforts.
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industry need, empowering a diverse range of users. The traditional landscape, domi-
nated by costly commercial solutions, has hindered small businesses, non-profits, and
individuals from harnessing the power of sophisticated SEO insights. This software
shatters these barriers, providing a level playing field where data-driven optimizations
are within reach for all. As a result, it not only empowers underrepresented entities to
compete effectively in the digital realm but also fosters collaboration and innovation
across the broader online community. Through this groundbreaking approach, the soft-
ware marks a significant stride towards inclusivity and shared success in the dynamic
world of digital marketing.

By dismantling the exclusivity that has long characterized the SEO tool landscape, the
open-source software heralds a new era of empowerment and growth. Its emphasis on ac-
cessibility ensures that small businesses can navigate the digital landscape with newfound
confidence, while non-profits can enhance their online impact without compromising their
missions. Even individual website owners and entrepreneurs stand to benefit, amplifying
their online presence through strategic optimizations previously reserved for larger enter-
prises. In this transformative shift, the software not only levels the playing field but also
fuels a culture of collaboration and innovation. By embracing the principles of accessibility
and affordability, the software champions the democratization of SEO analysis, heralding a
brighter and more inclusive future for digital marketers of all backgrounds.

5.2. Integration of Traditional Programming and Machine Learning

The software’s evolution embodies an exceptional blend of traditional programming
methods and state-of-the-art machine learning algorithms, a groundbreaking fusion
that imparts it with a unique advantage in providing holistic on-page and off-page SEO
strategies, unlike commercial tools that typically excel in either on-page or off-page SEO,
but not both. This hybrid integration exemplifies a strategic leap forward, combining
the proven principles of traditional coding with the adaptability and intelligence of
machine learning.

By incorporating traditional programming, the software maintains a solid founda-
tion rooted in established SEO principles. It executes meticulous analyses of on-page
factors such as meta tags, keywords, structured data, etc. This approach caters to the
essential groundwork of SEO, offering users a comprehensive evaluation of their website’s
foundational components.

On the other hand, the infusion of machine learning algorithms elevates the software’s
capabilities to a new realm of sophistication. Machine learning’s prowess in pattern
recognition, data processing, and predictive modeling amplifies the software’s analytical
prowess. This integration allows the software to delve deeper into the complexities of off-
page SEO, unraveling the intricacies of backlink profiles, and linking domains. The hybrid
approach’s adaptability empowers the software to evolve alongside the ever-changing
landscape of search engine algorithms, making it a versatile tool that can remain effective
even in the face of evolving SEO dynamics.

5.3. Micro-Level Insights and Tailored Guidance

The software presents a dual-level approach that amalgamates micro-level insights
and tailored guidance, ushering in a new era of precision-driven website optimization.
At the micro-level, the software conducts meticulous analyses of individual SEO metrics,
offering precise recommendations to address specific SEO issues. This empowers users to
fine-tune their strategies with targeted actions, such as optimizing load speeds and every
facet of their website’s SEO performance.

Simultaneously, the software adopts a macro-level perspective that takes into account
the bigger picture, aligning SEO efforts with a website’s unique competition and goals. By
identifying competition and SEO techniques employed, it creates an SEO strategy that is
more suitable for the specific business sector.
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This dual-level functionality not only diagnoses SEO challenges but also equips users
with actionable roadmaps for success, transforming the software into a dynamic and
personalized optimization companion that enhances search rankings, drives organic traffic,
and elevates user engagement.

5.4. Competitor Analysis and SEO Methodologies

In contrast to commercial tools, the software’s unique competitive edge stems from
its sophisticated competitor analysis capabilities, propelling its function beyond mere
self-assessment. For instance, platforms like SeoSiteCheckup [57] and Seobility [58]
focus exclusively on identifying and suggesting on-page SEO techniques applied to
a web page, without considering the competitive landscape. In contrast, the Ahref
Backlink Checker platform [59] solely concerns itself with identifying backlinks for a
specific web page, without proposing, based on domain authority, the backlinks that a
website might require to surpass its competition. This feature enables the software to
dissect rivals’ intricate SEO methodologies, offering users a deep understanding of their
competitors’ strategies. By extracting actionable insights from this analysis, the software
equips users with strategic guidance to enhance their own SEO tactics. In a fiercely
competitive e-commerce market, the software’s competitor analysis unearthed strategic
opportunities previously overlooked. By implementing the software’s recommenda-
tions, the e-commerce platform witnessed a substantial boost in organic traffic. This
success story underscores the software’s potential to revolutionize SEO strategies, not
only optimizing websites but also empowering users to outperform rivals. In essence,
the open-source SEO audit software’s ability to unravel competitor SEO methods and
translate them into actionable advice sets it apart as a pivotal tool for strategic growth
in the dynamic digital landscape.

5.5. Limitations and Future Implications

Like any software, the specific tool at hand encounters certain limitations, which,
although rare, could potentially impact its functionality:

• The tool retrieves data for websites ranking on the first page of search results. If
there are numerous Google Ads or Google product listings, or if there is a substantial
presence of rich results (structured data), the number of web pages appearing in the
organic search results may be fewer than eight.

• The tool relies on web scraping techniques to access each competitor’s website and
identify the SEO techniques employed. If any of the competitor’s websites are unavail-
able at the time of scraping or if the tool’s access is blocked by the website’s firewall,
no results will be displayed for that particular website.

• The tool relies on the SERP API to gather ranking data. The data retrieval location is
determined by the location of the API’s web server. Consequently, search results and
rankings from this specific location may slightly differ from what users observe from
a different location.

• We must highlight that the accuracy of the model’s predictions presented in Section 3.2
could be enhanced with a larger and more representative sample of websites.

Usability Aspects:

• Regarding User Interface (UI) Design, the user interface has not been developed, which
means that users will only be able to view the results either in Excel format or within
the terminal.

• The software is user-friendly; however, it does require a certain level of background
knowledge in executing Python code.

• As an open-source software, it can be easily customized and extended with addi-
tional features, such as a Usability and Security Testing function to predict Click-
Through Rate [60].

Security Aspects:
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• Data Privacy is ensured since the software runs locally on the user’s computer, and
their data remains within their system without any exposure to the internet.

• Input Validation is implemented to ensure the security of the software. User-entered
data is considered safe, and extreme validations are not applied to the input.

While all of the aforementioned limitations do not directly affect the functionality of
the tool, they can potentially have a minor impact on the results.

Looking forward, there are several potential future implications and areas of develop-
ment for this software. It is essential to integrate recently discovered SEO techniques into
the software to ensure its relevance and effectiveness in a rapidly evolving SEO landscape.
As we expand and enrich the machine learning dataset, we can anticipate achieving even
more promising outcomes. The software’s proficiency in identifying optimal SEO strategies
and making precise predictions for backlinks and linking domains is directly influenced
by the quality and quantity of accessible data. By consistently expanding and modifying
the dataset:

• We could bolster the software’s capability to enhance predictive accuracy: A larger
dataset would result in heightened accuracy when forecasting the most effective
quantities of backlinks and linking domains, thereby contributing to a more successful
SEO strategy.

• We could employ unsupervised machine learning to uncover novel SEO techniques
from well-established websites that have not yet been revealed to the broader public.

• We could adapt to evolving algorithms: Given the constant evolution of search engine
algorithms, a robust dataset enables the software to adapt and remain current with
these changes, ensuring the recommended SEO strategies maintain their efficacy.

• Semantic SEO: Leveraging semantic search principles to produce content aligned with
user intent and context can enhance search visibility.

To sum up, the future potential of this software is substantial for amplifying its
capabilities and delivering more influential outcomes. The primary catalyst for unlocking
these advantages is the continuous expansion of the dataset, enabling the software to
evolve, adapt, and provide increasingly valuable SEO guidance.

6. Conclusions

In conclusion, this article introduces an open-source SEO audit software developed
in Python, heralding a significant advancement in the accessibility and affordability of
sophisticated SEO analysis tools. The software stands shoulder to shoulder with its com-
mercial counterparts, effectively obliterating financial barriers and extending its benefits to
a broader user spectrum, including non-profit organizations. The orchestration of tradi-
tional programming techniques and cutting-edge machine learning algorithms seamlessly
integrates into the software’s implementation, resulting in a potent solution for discerning
both on-page and off-page SEO strategies.

To elaborate further, this software not only addresses overarching enhancements for
websites based on an array of on-page SEO performance metrics, but it also delves deeper,
scrutinizing specific metrics and extending its analysis to competitors’ webpages. In essence,
this tool operates on a dual level. Firstly, it provides micro-level insights, outlining precise
actions to be taken for each metric, and elucidating how these optimizations contribute to
the overall enhancement of the website. Secondly, it offers tailored guidance that aligns
with the unique needs and nature of a website, steering website owners towards areas of
focus that match their specific requirements.

By harnessing a target website’s URL and a specific keyword, the software not only
identifies competitors within search results but also meticulously dissects their SEO method-
ologies, furnishing actionable recommendations to elevate the search ranking of the desig-
nated website. An especially compelling case study, centered around a fiercely competitive
keyword, vividly underscores the software’s efficacy in substantially augmenting organic
traffic for the corresponding e-commerce platform. These revelations reverberate as a
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compelling call to action, underscoring the profound significance and value that germinate
through the nurturing of open-source tools.

Finally, it is imperative to emphasize that preceding studies have managed to un-
derscore the utility of certain SEO techniques and apply them in specific case studies.
In contrast, our own research has aggregated all of these SEO techniques and has given
rise to invaluable all-in-one SEO software. This software holds the potential to yield
comprehensive results for the web developers who employ it.
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Appendix A

Table A1. Methods and their corresponding SEO Techniques.

Method SEO Technique Description

perform_seo_checks -
The method uses the requests method to obtain the website’s source code and the

BeautifulSoup library as html.parser to parse the code. Finally, it utilizes all the methods
that detect SEO techniques by returning the results.

get_organic_serps -
The method utilizes the ZenSerp application programming interface (API) to retrieve a

comprehensive list of websites that are listed on the first page of search results in
response to a given keyword query.

get_image_alt Image Alternative Attribute The method is designed to identify and flag instances of missing alternative attributes
for images from a provided list.

get_links_title Link Title Attribute The method involves the identification of missing title attributes within a list of links.

get_h_text Heading 1 and 2 Tags The method detects and counts the occurrences of H1 and H2 tags within the source
code, followed by a search for the specified target keyword within these tags.

get_title_text Title Tag The method conducts a search for the presence of the title tag within the source code and
verifies the existence of the target keyword in conjunction with the tag.

get_meta_description Meta Description The method conducts a search for the presence of the meta description within the source
code and verifies the existence of the target keyword in conjunction with the tag.

get_meta_opengraph Opegraph The method conducts a search for the presence of the opengraph tag within the source
code and verifies the existence of the target keyword in conjunction with the tag.

get_meta_responsive Responsive Tag The method conducts a search for the presence of the viewport within the source code
and verifies the existence of the target keyword in conjunction with the tag.

get_style_list Minified CSS The method identifies the stylesheets present in the source code and examines whether
they have been minified.

get_script_list Minified JS The method identifies the scripts present in the source code and examines whether they
have been minified.

get_sitemap Sitemap The method identifies the xml sitemap present in the source code.
get_rss RSS The method identifies the RSS feed present in the source code.

get_json_ld JSON-LD structured data The method identifies the JSON-LD present in the source code.
get_item_type_flag Microdata structured data The method identifies the Microdata present in the source code.
get_rdfa_flag RDFA structured data The method identifies RDFA present in the source code.

get_inline_css_flag In-line CSS The method detects any in-line CSS code in source code.
get_robots Robots.txt The method verifies the presence of a Robots.txt file in the root path of the website.

get_gzip GZip The method performs an evaluation to detect the presence of gzip Content-Encoding in
response headers.

https://github.com/rkonstadinos/python-based-seo-audit-tool
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Table A1. Cont.

Method SEO Technique Description

get_web_ssl SSL Certificates
The method performs an analysis to determine if the webpage has been provided with
Secure Sockets Layer (SSL) certificates, which ensure that the connection between the

user’s browser and the website is encrypted and secure.

seo_friendly_url SEO Friendly Url The method examines whether the provided URL is optimized for search engine
optimization (SEO), conforming to the best practices and guidelines.

get_speed Loading Time The method employs the Lighthouse API to measure the web page’s loading time.

get_responsive_test Responsive Design The method employs the mobileFriendlyTest API to ascertain whether a given webpage
is responsive, i.e., capable of rendering suitably on different devices and screen sizes.

get_da Domain Authority The method employs the MOZ API to obtain the Domain Authority (DA) of a website.
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