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Abstract: This study presents a review of search engines and search engine optimization and shows
how the search engine landscape relates to sustainable development. We have used a narrative review
research method and described three main topics: the past and present of web catalogs and search
engines; current knowledge about the dominant types of search results presented in Google search;
and methods of search engine optimization. Technical elements of important website areas related to
technical website auditing are discussed. We summarize our research with several key findings on
how web search engines are involved in sustainable development and offer a glimpse into the future
use of web searching with the help of artificial intelligence chats and prompt engineering.
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1. Introduction

Search engines play an integral role in the lives of many people, who often do not
realize it. They have become powerful tools for obtaining useful information scattered
across the internet [1]. A simple purchase on Alibaba or eBay usually begins with a search
for a product. Likewise, booking a vacation often begins with a search for a hotel.

The internet, as we know it, existed for many years before the first webpage appeared.
Internet Protocol (IP), as well as the suite of communication protocols on which the in-
ternet is built (TCP/IP), are technologies invented by Bob Kahn and Vint Cerf back in
the early 1970s at the U.S. Department of Defense’s Advanced Research Projects Agency
(DARPA) [2]. The military nature of this technology made it unavailable to the civilian
sector, except for local academic networks clustered in the common ARPANET network [3].
The internet service industries boomed when the TCP/IP protocol came into commercial
use in the early 1990s. Fundamental at the time was the fact that Tim Berners-Lee had
invented WWW technology in 1989. Berners-Lee used the existing HTTP and TCP/IP
protocols to build a system consisting of the first web server and web directory, called the
WorldWideWeb [4]. This system gave each webpage a unified address format (Uniform
Resource Locator—URL), which then made it publicly accessible on the web. Berners-Lee
also created HTML, based on SGML-CERN tags, for formatting textual content.

Since 1991, when the first webpage (info.cern.ch) was created [5], the HTML frame-
work and web servers have appeared, and the internet space has been filled with more than
1.8 billion webpages on more than 233 million unique domains. UK-based Netcraft has
been monitoring internet resources since 1995, taking into account the technologies used in
websites and the software on hosting providers’ servers. Netcraft calculates the number
of active websites, i.e., those presenting specific content, based on analysis of websites’ IP
addresses and source code, excluding “under construction” websites, redirects, or domains
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indicating identical content, e.g., with a “parking” service enabled at the registrar. Based on
Netcraft’s periodic analysis, it is estimated that there are more than 200 million active sites
on the internet. The dynamic of the development of internet resources is shown in Figure 1.
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Figure 1. Dynamics of internet development from 1991 to 2021, compiled using data from
netcraft.com.

The need for search engines or systems that assist users in finding specific information
on the internet arose due to the increasing number of new websites. These systems collect
data by analyzing webpage content and hyperlinked network topology. Many of the
original search engines no longer exist, with new ones springing up in their place that
are trying to catch up with the current leaders. Over the years, competition has led to
the ability to search for multimedia content as well; this initially caused many challenges
for algorithms, but today this functionality is built into almost every professional search
engine [6].

There are well known problems of maintaining sustainability in a web environment.
One of them is the need to ensure that web resources remain available and functional even
after the organizations that created them cease to exist or have no resources to host them.
There is a need to find ways to make web sites more sustainable, including transferring them
to free hosting options, ensuring that they can be viewed and updated even without paid
resources, and making them easy to manage and transfer ownership. The second problem
is sustainability in web design, specifically how web designers and developers can apply
sustainable practices in their work to minimize the environmental impact of websites [7]. It
covers various aspects of sustainability such as energy efficiency [8], reducing materials
consumption, and optimizing web performance. The third problem is the issue with
practical solutions for creating sustainable websites, which include using green hosting [9],
developing with modern tech stacks or updated plugins, designing for mobile, reducing
images and videos, limiting fonts, and using fast and light website themes. These solutions
can contribute to making websites more energy-efficient, accessible, and reducing inequality,
which aligns with global sustainability goals.

In this study, we would like to review how sustainability was introduced by com-
mercial web catalogs and search engines in past decades. There has been a lot of research
on how search engines work and what their impact is on society. However, the topic of
sustainable development for internet search tools has not been explored yet. The proposed
method for achieving this goal is a narrative review.
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We propose three general research questions to which we wanted to find answers:
“what was the past and what is the present of web catalogs and search engines and how do
they relate to sustainable development?”, “how has the presentation of search engine result
pages changed and how it relates to sustainable development?”, and “what search engine
optimization methods are used, and how do they contribute to sustainable development?”.
These three topics are key concepts for which we will do the narrative review.

2. Materials and Methods

In this study we have used a narrative review research method. A narrative review
is classified as a secondary research study since it uses existing primary research studies.
A narrative review usually addresses one or more questions with a broad scope, and the
selection criteria for the inclusion of the articles may not be specified explicitly. A narrative
review does not have a strict protocol to be followed. A review’s design depends on
its author and objectives. There is no consensus on the standard structure of narrative
reviews, but their primary purpose is to deepen understanding of a certain research area
by identifying and summarizing what has been published. Its general application includes
exploring existing debates, appraising previous studies conducted on a topic, identifying
knowledge gaps, and speculating on the latest interventions. Narrative reviews are also
used to track and report on changes in an existing research field.

We searched the Web of Science and Scopus scientific databases for papers whose
metadata included the keywords “web search engine” and “search engine optimization”.
We set a timespan without any limit. These criteria resulted in around 530 published papers
(after duplicates and papers not written in English were removed). We read all the abstracts;
when the topic was “web search engine” or “search engine optimization”, we read the
paper and took its results to present in this study. We narrowed the list of papers for this
review to around 100. From the narrative review, we derived three general topics that are
key concepts: “web catalogs and search engines”; “search engine result pages; and search
engine optimization.

3. Results
3.1. Web Catalogs and Search Engines

Starting with the Archie search engine, which was launched in 1990 and is considered
the first search engine [10], through W3Catalog, WebCrawler, and Lycos, the mid-1990s
saw the emergence of many new search engines, such as Excite, AltaVista, and Yahoo! This
was when their indexes, data [11], and the quality of their results [12] were first analyzed.

The most popular to this day is the Google search engine, which was established in
1998 and set new standards for indexing and ranking web resources with its PageRank
algorithm [13]. After a year of operation, the number of indexed URLs in the search engine
was more than 350 million [14], and this number rose rapidly to billions in the following
years [15]. It is estimated that in 2000, the number of servers supporting the Google search
engine was 25,000, and in 2010 the number had increased to 900,000 [16]. In the same year
as Google, the DMOZ web directory (multilingual web directory, active from 1998 to 2017),
which in its best period had a database of more than 5 million webpages, was established.
Inclusion in the DMOZ directory was often equated with higher ranking in search engines,
while prestige was added by the fact that selected specialists manually verified all added
sites. The timing of the emergence of the first search engines and web directories also
applies to social networking sites; for example, the “Six Degrees” service was established
in 1997 [17].

Beginning with the first search engines, content from websites is downloaded [18]
and indexed using bots (crawlers). Back then, due to the small number of sites and search
engines, bots did not generate as much traffic as they do today [19]. Over the years, new
algorithms have emerged to improve bot performance [20], and their behavior and the
traffic they generate for websites [21] have been measured and compared [22]. Bots have
also been designed for semantic content analysis [23]. Since bot activity can raise concerns
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about the security and performance of webservers [24], many studies have isolated the
traffic characteristics that distinguish bots from real users [25] and methods have been
developed to automatically classify them. In addition, the increasing number of new
websites has required the development of methods of classification [26], categorization [27],
and bots’ recommendations so that search results are as responsive as possible to specific
queries [28].

Microsoft also took on the global search engine market, launching its MSN Search at
the same time as Google, hoping that the high popularity of the Windows operating system
would translate into an increase in the popularity of this new search engine. Unfortunately,
despite increased marketing activity and name changes to Microsoft Live in 2006, Live
Search in 2007, and finally to Bing in 2009, this search engine has failed to gain more than
a 10% share in the search engine market, even despite generating more precise location-
sensitive results than Google’s search engine [29].

Although the Google, Bing, or Yahoo! search engines have been world leaders for years,
there are local search engines that have historically had or still have a larger market share
in some countries [30]. Such search engines certainly include Russia’s Yandex, founded in
1997, and China’s Baidu, founded in 2000. Yandex is sometimes more popular than Google
in Russia due to its better understanding of Russian grammar, which sometimes results in
more accurate search results for Russian websites. With the proliferation of Android and
the Chrome browser, Google’s search engine has gained an increasing share of the Russian
market, particularly among younger and more advanced users. The only country where
Google’s search engine is not dominant is China. The most popular search engines in the
Middle Kingdom include Baidu with a 65.6% share (based on StatCounter.com, August
2022), Bing with a 10.25% share, and Sogou with a 9.06% share, while Google’s search
engine share is only 3.15%. In the case of the Chinese market, Google’s search engine has
had a limited field of operation, mainly for political reasons [31], which has prevented it
from developing significantly in this market.

The emergence of new search engines that try to compete in a market dominated by
Google is extremely difficult and requires a great deal of ingenuity on the part of their
developers [32]. It is currently difficult to imagine a viable global competitor to Google (or
to Baidu in China). Against this background, the DuckDuckGo and Ecosia search engines
are interesting projects; however, their market shares amount to just a few fractions of a
percent, so they are still trying to find their way in the global search engine market. The
launch of the DuckDuckGo search engine in 2009 was focused on privacy and not collecting
any information that identifies the user. Unlike other search engines, when a particular
search result is clicked, it redirects in a way that prevents the search keywords from being
sent to the linked website. As a result, websites do not know how a given user found them
on the internet. Similarly, the Ecosia search engine, which was founded in 2009, focuses on
privacy and does not collect information about its users. It is worth noting that the idea
behind its market presence was to donate a portion of its ad revenue to social organizations
dedicated to planting trees in Brazil, Ethiopia, Burkina Faso, Madagascar, Senegal, and
Indonesia, among others. Unlike other search engines that collect their own data, Ecosia
shares results provided by Bing and Yahoo!

Global search engine market shares from 2009 to 2021 are shown in Figure 2. Yandex
search engine data includes global and local searches on the yandex.ru domain. The Al-
taVista, Ask, and WebCrawler search engines have been omitted due to their residual share.

Not only have search engines and their ranking algorithms changed over the years, but
how interfaces and search results are used has also changed. An analysis of eye-tracking
studies on search engines conducted between 2004 and 2019 indicates a progressive change
in the way search engine results are perceived in search engines [33,34]. Initially, the content
was perceived in an F-like format; this was the foundation of the golden triangle concept,
which included hyperlinks to the most visited webpages. Sponsored links, which had
previously been located on the right side of search results, were eventually moved into this
F-shaped space. An important conclusion of eye-tracking research analysis is that there is a
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tendency to change search engines’ interfaces by introducing new functionalities as a result
of the progressive increase in the share of mobile devices used to search for information.
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Searching on mobile devices is natural nowadays: according to a Google report, (the
report covered 10 countries including the US and Japan) the prevalence of such searches
exceeded the number performed on desktop computers in 2015. This trend continues today,
with cell phones and tablets becoming the primary search devices. In the global ranking,
mobile devices hold a 59.25% (based on StatCounter.com, August 2022) share of the number
of searches, while desktop devices and tablets hold 38.53% and 2.22%, respectively. It is
worth mentioning that mobile search capability became available in 1998 when the Wireless
Application Protocol (WAP) was introduced. This was the first mobile web browsing
feature to appear on cell phones. The development of wireless data transfer standards
saw WAP technology displaced by GPRS, then EDGE and HSDPA, ending with LTE, 4G,
and 5G. The proliferation of mobile devices, in effect, means that anyone can carry a small
computer with them, allowing access to unlimited searching and information viewing. The
strong position of the Android operating system is significant because, through its built-in
Chrome browser, it reinforces Google’s position as the leading search engine.

The development of search engines also includes the possibility of voice search instead
of typing keywords into a web browser. While this possibility seems interesting, it is often
criticized because, although search engine-generated voices sound realistic, few people
want to listen to a computer read them a webpage of the top ten search results. Search
engines try to improve the accuracy of answers with semantic search [35], which involves
trying to understand natural language; however, given the number of languages, this is a
very difficult task [36].

The future of search engines, in addition to being implemented in systems based on
the Internet of Things (IoT) [37], will certainly involve the use of artificial intelligence [38],
among other things, to compare and purchase services such as flights and hotel deals [39].
Products, shopping carts, and payments could be presented directly on the search results
page. Search engines would receive a commission on the total transaction, not just a
per-click fee.

Today, the global leader among search engines is undoubtedly Google, which, after
25 years of development, takes first place with a share of 92.0% (based on StatCounter.com,
August 2022). The other search engines trail a long way behind: Bing (3.34%), Yahoo!
(1.34%), Yandex (0.96%), Baidu (0.83%), and others (0.8%). At the same time, it should be
noted that the presented figures were estimated based on traffic analysis of only a control
group of websites. Given the peculiarities of the Chinese market in terms of the restrictions
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imposed on search engines [40] and the massive population, it can be assumed with a high
degree of probability that these figures for the Baidu search engine are underestimated.

3.2. Search Engine Result Pages

The search engine results page (SERP) that is displayed by search engines in response
to specific user queries includes two types of results: free organic results or natural search
results, the ranking of which is decided by the search engine algorithm; and paid results
in the form of text and product ads. The ranking position in organic results is decided
by the search engine’s algorithm, while for paid ads the deciding factor is the platform’s
auction mechanism.

Over the years, SERPs have changed in appearance and form, mainly due to Google
being a leader and setting trends in how search results are presented. In the early days
of search engines, search interfaces were very simple: only a field for a search query and
two buttons. In the Internet 101 book, we can read “Google (www.google.com) is a pure search
engine—no weather, no news feed, no links to sponsors, no ads, no distractions, no portal litter.
Nothing but a fast-loading search site. Reward them with a visit.” [41]

Originally, SERPs contained a list of hyperlinks to pages containing the target key-
word; initially, although search results were very similar across the most popular search
engines [42], over the years user requirements forced the design of new and more functional
forms of presenting results [43]. Search engine algorithms no longer simply respond to
queries by analyzing the number of links recommending a particular page: nowadays, they
primarily seek to understand the context and intent of the inquirer. In order to realize this,
Google is implementing and developing various search types and features to make search-
ing for information, places, or products more attractive and easier [44]. Google’s search
engine ranks above all its competitors in terms of the types of search results offered [45]. No
other search engine has so many different types: the most common ones are the searchbox
(1); rich snippets (2); direct answers (3); a knowledge panel (4); business profiles (5); local
results on a map (6); special functions like translator, weather forecast, time, and calculator
(7); and sponsored search results (8).

3.2.1. Searchbox

This is an extension of the organic results, most often used for queries about a particular
brand. It contains logos, hyperlinks to subpages, a searchbox to subpages within the
resulting webpage, and information about the company or institution. According to the
algorithm, the presentation form of hyperlinks is intended to help users get to the most
valuable content quickly. The owner of a given company’s website has no influence on the
display of these elements, as the search engine algorithm decides.

3.2.2. Rich Snippets

Rich snippets were introduced by Google in 2012 as a response to the changing way in
which queries were created [46]. The goal of the changes was to generate valuable search
result pages with interesting and credible content. The snippets display specially marked
structural data in the code of a webpage, such as price and price range, rating, the number
of reviews or votes, publication date, and author’s name. The cooking industry has its own
dedicated types of search results, augmented with thumbnail images of recipes so the user
can also visually make a selection.

3.2.3. Direct Answers

Direct answer snippets, also known as featured snippets, were introduced by Google
in 2016 and consist of a concise answer in the form of a paragraph, list, or table. Featured
snippets provide a quick answer to user queries that are formulated in the form of a ques-
tion, thus allowing users to get the answer without having to visit the source website [47].
The most common types of direct responses are in paragraph form, as this type of response
is the most readable and also the most convenient for voice search systems to read. The list

www.google.com
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form appears most often in recipes, while tables appear most often in queries related to
comparing flight prices or financial products data [47].

Obtaining a position of zero in search results, i.e., in a recommended snippet with a
result, is desirable for web developers and emphasizes the expert nature of the site from
which the snippet is taken. In order to increase the likelihood that a site’s content will be
used by Google in a recommended snippet, web developers should compose their content
appropriately. It is also important for web developers to have a page on the first page of
the SERP for a given keyword query [47].

3.2.4. Knowledge Panel

A knowledge panel or knowledge graph is a collection of data that appears on the
right side of search results. It provides a convenient form of information on famous people,
music bands, historical figures, and scientific and cultural institutions. As with featured
snippets, when deciding whether to include information in the knowledge panel, Google
analyzes the structural data and ranking position of the website from which the knowledge
panel is sourced [48].

3.2.5. Business Profile

As knowledge panels are automatically generated by an algorithm, Google has enabled
companies to manage their business information through company business cards that
appear on the right-hand side of the free Business Profile platform. The ability to add
information to a company business card requires registration by an authorized body
representing the company [49]. A correctly prepared business card, enriched with photos
and a detailed description of the business, has a significant impact on ranking positions in
the Google search engine [50].

The main elements of a business card are buttons with hyperlinks to the website,
Google Map directions, contact information, business hours, and complementary location
information. A business card can additionally include photographs, a section with ques-
tions and answers, and user reviews added directly in the Business Profile panel or from
social media profiles. There are also buttons to add a new review or photo.

3.2.6. Local Results on a Map

The SERP on Google search can be supplemented with additional local results, most
often for services in the immediate area (e.g., restaurants, hotels, local services), depending
on the user’s geographic location. The list of results is generated via Google Maps, which
provides real-time traffic information and allows users to view maps and search for facilities.
Google Maps uses a GPS system consisting of 27 satellites orbiting the Earth to determine
the exact location of people and places. The list of local results also takes into account such
information as the location on a map, the route to get there, a link to the company’s website,
user ratings, and phone number [51].

3.2.7. Search Extensions

Google’s search engine SERP is constantly evolving and providing users with new
functionality. The goal of search engine developers is to provide features directly in the
SERP in such a way that the user does not have to search for them on other websites. This
can lead to a situation in which the purchase of products or services happens directly on
the search engine site, which has an impact on the financial results of company owners.

Google allows the translation of text using its own translator, where it can choose
language combinations from dozens of languages. In addition, the translator has a built-in
voice function for learning pronunciation. Typing “city name weather” into Google will
provide information about the current temperature and weather conditions in a specific
city, as well as the forecast for the next few days, the probability of precipitation, and wind
speed and direction. Google can easily provide information about the local time at any
place in the world and perform mathematical calculations with the help of a calculator.
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3.2.8. Sponsored Search Results

Sponsored search engine links are a popular and effective form of online advertising
due to the quick results and high level of traffic they generate. Sponsored links are part
of search engine marketing, which includes organic traffic and advertising. Advertising
campaigns involve the purchase of advertising space on specific search engines and web
portals. Search engine ads are divided into text and image ads. The main purpose of text
ads is to increase traffic to a website, as evidenced by payment based on cost-per-click. In
order to maximize their profits, search engines try to expose such ads by matching them to
the broadest possible group of search keywords [52]. Graphic ads with video elements, on
the other hand, are primarily aimed at building brand image and are billed on the basis of
cost-per-thousand impressions [53].

The leading advertising platform, founded in 2000, is Google Ads (the name Google
Ads (formerly AdWords) has been in effect since 24 July 2018), which allows sponsored
links to be displayed in Google’s search engine results and on Google AdSense collaborative
sites, sold under the most popular cost-per-click and cost-per-thousand ad impression
pricing models [54]. The position of an ad among other ads depends on the amount of the
advertiser’s declared price-per-click and the popularity of the ad, as determined by the
click-through-ratio indicator, which denotes the percentage of people who clicked on the
ad relative to the number of times it was displayed.

Search engine ads, in addition to a textual description and hyperlink, can additionally
include an image, name, and the price of the advertised product. When the ad element is
activated, shipping cost information is also displayed.

3.3. Search Engine Optimization

Search engine optimization (SEO) consists of activities that are designed to bring a
website the highest possible ranking position in search engine results [55]. The scope of
these activities is very broad and is related to the appropriate selection of keywords [56],
optimal website content [57], the structure and optimization of HTML code [58], and
graphical elements [59], as well as links to social media [60]. The most important goal
of SEO activities is to improve the ranking position of a website for selected keywords
in organic search engine results. In practice, SEO activities include the elements listed in
Table 1.

Table 1. General SEO areas to optimize.

Element Description

Content structure Editing of articles; category descriptions; offers; or products [61]

Website structure Modification of navigation elements; internal linking [62]; structured data [63]

Technical layer The speed at which a webpage is displayed in a browser [64]; the speed of downloading
content by web robots; SSL encryption [65]; adaptation to mobile devices

User experience and trust Adaptation of the site in accordance with the WCAG standard [66]; clarity and originality of
content; number and placement of ads

Link building The number and quality of hyperlinks leading to the website from other sites [67]

We can divide the listed activities in Table 1 into those performed directly on the
website (on-site) as well as those performed off-site [68]. On-site and off-site optimization
should be a coherent and carefully planned strategy because it leads to a measurable effect
in the form of a better ranking position in SERPs.

In practice, on-site SEO activities are fundamental to the process of optimization for
search engines and should be performed first. The most advantageous option is to make
appropriate modifications to the website code at the initial stage of its construction. It is
crucial in the optimization process that all elements, such as structure, content, and the
appropriate occurrence of keywords in it, affect its effectiveness from the moment it is
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launched. In terms of optimization, existing websites can also be rebuilt. Optimization
activities should be carried out periodically as search engine algorithm guidelines change
over time [61]. The most important optimization elements within a website that significantly
influence the position in search results are listed in Table 2.

Table 2. General on-site SEO elements to optimize.

Element Description

TITLE element The title of a webpage is crucial because it helps users quickly
evaluate the content and relevance of a result [69].

Meta description tag The description or summary of a webpage is part of search engine
results [70].

Headers H1 to Hx Headers make it easier for the reader to get an idea of the subject
matter and hierarchy of the content presented [71].

Keywords Keywords in the text, keyword selection, and density of
occurrence [72].

Attribute ALT
The ALT attribute describes graphic elements; this information is
used by indexing robots and screen-reader software to help blind

users understand the content of images [73].

Video A detailed description of video files to make them easier to find [74].

Internal linking structure Internal linking makes it easier to navigate the website [75].

HTML standards HTML code adapted for mobile devices [76], compliant with W3C
standards [77].

Friendly URLs Friendly URLs are usually addresses that include keywords and are
short, simple, and easy to read [78].

Page speed Webpage display speed in web browsers [79].

Receiving hyperlinks (link building) from other websites, forums, blogs, Google
business cards, or social media recommendations are all optimization activities that are
performed off-site (off-site SEO) [80]. Acquired hyperlinks are treated by search engines as
referrals and therefore have a significant impact on SERP ranking positions [81].

Company blogs, social media, friendly portals, sites that publish sponsored articles,
and forums work well in the link acquisition process [67]. It is important that the content
published in such places is valuable and contains hyperlinks related to the optimized
website [82]. This process is time-consuming, especially when valuable links need to be
acquired at minimal cost. Placing links too obtrusively in various places can result in the
opposite effect.

By implementing and populating a Google business card with information, better
visibility can be achieved, especially on mobile devices. Using geographic location, the
search engine matches the best results to the user. An important factor affecting SERP
ranking positions is also the name and age of the domain [83].

As off-page activities require experience, mistakes are sometimes made in obtaining
hyperlinks from insecure sources [84] that are labeled as unsafe for users (Wang et al.,
2017 [85]), or when using tools to artificially generate content [86], which is in violation of
search engine policies [87]. The consequences of this can include removal of the website
from search results [88].

The person in charge of optimizing a website, making changes to the site, and continu-
ously monitoring the progress of these actions is called an SEO specialist. SEO specialists
use many tools in the process of SEO diagnostics and search engine optimization. In
practice, there is no perfect set of such tools to guarantee success. This is due to the fact
that each SEO specialist creates such a set of programs that will meet their expectations in
the long-term optimization process [89]. An additional factor affecting their selection is the
financial resources that can be allocated to off-page optimization activities.
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SEO tools allow for the analysis of key areas that determine effective optimization for
search engines, thus making it possible to find errors in source code and missing elements
in web content. This analysis, which is an SEO audit, focuses on issues related to the
optimization, usability, and security of a website.

The most important areas of SEO auditing are analyzing a website’s communication
with web robots at the level of the robots.txt [90] and sitemap.xml [91] files; analysis
of the website title and the meta tags responsible for the presentation of the website in
search results [92]; analysis of WWW page structure and navigation, including internal and
external hyperlinks and URL construction [75]; analysis of the content present on the WWW
page, including its size, occurrence of keywords, duplicates [93]; analysis of webserver
response statuses [94]; analysis of HTML code correctness [95]; analysis of performance, i.e.,
WWW page loading speed [96]; analysis of the occurrence of structural data [97]; analysis of
WWW performance on mobile devices [76]; verification of WWW server logs [98]; analysis
of hyperlink profiles [99]; and analysis of key competitors in organic results [100].

We can divide the tools that enable SEO auditing into two groups: the first group is
tools offered by search engines, such as Google Search Console (the name Google Search
Console (formerly Google Webmaster Tools) has been in effect since 20 May 2015) in the
case of Google, and Bing Webmaster Tools in the case of Bing, both of which analyze the
link profile, structure, and performance of a website; the second group is commercial tools,
e.g., Ahrefs, Majestic, Semrush. These tools are used to analyze the ranking position in
SERPs and the complexity of a webpage [101].

Google Search Console is an essential tool for the technical analysis of websites.
It allows for faster indexing of subpages, helps to verify their technical status, collects
information about problems encountered in accessing subpages, and verifies the status of
the site map [102].

The information that Google Search Console provides includes [44] the number of
impressions and clicks on hyperlinks from SERPs; the percentage of impressions that result
in clicks on hyperlinks from SERPs; the average ranking position in SERPs; a list of the
most common search queries that cause a given website to be displayed in SERPs; a list of
the subpages most frequently displayed in SERPs; a list of the most popular countries from
which queries originate; and a list of the devices that were used during searches.

Google Search Console provides information on errors encountered by indexing robots
and the number of correctly indexed subpages in an entire domain. It makes it possible to
manually define the URL of the sitemap, which is an XML-formatted text file containing a
collection of hyperlinks to all subpages. This tool also provides knowledge of basic web
metrics, i.e., information about the effectiveness of webpages based on data collected during
use; this reveals good-quality URLs and poor-quality subpages that require improvement.
When there are problems with resource inaccessibility, namely when a webserver returns a
404 error code, it is possible to temporarily or completely remove the URL from organic
search results.

4. Discussion

Our study of web search engines and catalogs has several effects on sustainable
development. Access to knowledge, which is crucial for sustainable development, has been
greatly facilitated by the development of search engines and web directories. Search engines
have made it possible for people and organizations to make more informed decisions,
participate in research and innovation, and connect with people who share their interests
and objectives by making information more available and searchable. Another crucial
component of sustainable development is the more effective use of digital resources, which
has been made possible by the development of algorithms and technologies to enhance
search engine performance. Search engines decrease the time and energy needed to find
information by increasing the relevancy and accuracy of search results, which can help
lessen the environmental impact of digital technologies.
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The emergence of privacy- and sustainability-focused alternative search engines like
DuckDuckGo, Ecosia, and Lilo demonstrates a growing understanding of the negative
effects of digital technologies on the environment and society [103]. These search engines
provide a more moral and environmentally responsible alternative to conventional search
engines by encouraging sustainable behaviors like tree planting, water management, and
reducing data collection [104]. Using search engines and the internet in general can help
support sustainable development by giving users access to resources and information about
sustainability and environmental protection. For instance, people can use search engines to
find eco-friendly goods, learn about sustainable practices, and connect with environmental
organizations. In a similar vein, businesses can access information on sustainability trends
and best practices by using search engine optimization (SEO) techniques to promote their
sustainable products or initiatives.

Google and other search engines have a big impact on the internet and how people
access and share information. In order to promote websites and content that adhere to
sustainable practices and values, search engines and their algorithms have a chance to sup-
port sustainable development [105]. Search engines could, for instance, give websites and
content about sustainable living, renewable energy, and environmental conservation prior-
ity and promotion. Additionally, businesses and organizations that support sustainable
practices might gain from managing their business information on Google’s Business Profile
platform, which may result in better search engine visibility and ranking positions. This
might encourage sustainable behaviors and values and support sustainable development.

Since search engine optimization (SEO) focuses on raising websites’ positions in search
engine results, it has little direct bearing on sustainable development. The relationship
between SEO and sustainable development, however, might be indirect. For instance, if a
company or organization with a focus on sustainable development uses SEO techniques to
optimize their website, they may improve their online visibility and draw more visitors to
their site. Through engagement with a larger audience and promotion of their sustainable
goods and services, they may be able to advance their sustainability objectives. Addi-
tionally, some of the on-site SEO components mentioned in the study, like mobile device
optimization and adhering to W3C standards, can aid in building a more user-friendly and
accessible website. Making sure that people of all backgrounds and abilities have access
to information and resources about sustainable development may depend on this [106].
Additionally, off-site SEO activities like link building on social media and other platforms
can aid in creating a network of connections and collaborations that may support sustain-
able development initiatives. A sustainable development organization, for instance, could
collaborate with other businesses or organizations with a similar mission and use SEO
to promote joint campaigns or events, drive traffic to each other’s websites, and share
resources and expertise.

The discussion focuses on the contribution of digital technologies to sustainable
development and the need to weigh the advantages of greater information access against
their environmental and social costs. We can ensure that digital technologies contribute to
sustainable development and a more equitable and just world by encouraging innovation
and sustainability in the design and use of search engines.

5. Conclusions

One of the most important conclusions is that the content and structure of the text on a
website are crucial to achieving high search engine rankings. Websites with quality content
will be displayed much higher in SERPs than those with content that is not substantive
or is oversaturated with keywords. Appropriate and natural placement of keywords in
the content helps attract the attention of users and allows search engines to categorize the
subject matter accordingly. It is important that the text on a website contains information
intended for real viewers, not for search engine bots. Linking a website’s content through
internal links speeds up the indexing process of an extensive site.
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In the near future, we expect to use search engines by using voice commands instead
of by entering search queries to receive a list of results. We can already see the first attempts
to use voice assistants to interpret questions and return relevant results. This is based on
language models. Several of the latest language models, such as GPT-3 and BERT, utilize
the transformer neural network architecture, which was created and made available to the
public by Google Research in 2017. This architecture enables the model to be trained to
read text such as a sentence or paragraph, analyze the relationships between the words,
and make predictions on what words may follow.

Recently, Google announced that it was creating an improvement in this field called
LaMDA, which means “Language Model for Dialogue Applications” [107]. LaMDA builds
on earlier Google research [108] that showed that transformer-based language models
trained on dialogue could learn to talk about virtually anything. Unlike most other language
models, LaMDA is trained on dialogue. Once trained, LaMDA can be fine-tuned to
significantly improve the sensibleness and specificity of its responses.

With the release of more advanced language models to create text-to-text or text-
to-image output, there is a concept in artificial intelligence called “prompt engineering.”
Prompts are the short text descriptions that language models use to create responses. Soon,
we expect to be able to talk to search engines in dialogue form and receive a response in
natural language read by a voice assistant.
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