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Abstract

Web search engines have marked everyone’s life by transforming how one searches and accesses
information. They crawl the Web, organize world-wide information and make it universally ac-
cessible to every user. Since their beginning, a special attention was given to search engines’
user interfaces, especially to search engine results pages (SERP), to assure their usability. Conse-
quently, improvements have emerged with the objective of, while maintaining their simplicity,
return information in the most practical and intuitive way. The well-known list of “10 blue links”
has evolved into richer interfaces, often personalized to the search query, the user, and other as-
pects. More than 20 years later, the literature has not adequately portrayed this evolution. Know-
ing more about the evolution of web search interfaces is useful to future improvements in search
engines’ interfaces. We present a study on the evolution of Web search engine interfaces since
their appearance. To study how search engine interfaces evolved during these two decades, we
made a systematic analysis of SERP elements throughout the years. We used the most searched
queries by year to extract a representative sample of SERP from the Internet Archive, which has
been capturing web interfaces throughout the years, and permits to reach those under a specific
URL. Using this dataset, we analyzed how SERP evolved in terms of content, layout, design (e.g.,
color scheme, text styling, graphics), navigation, and file size. We have registered the appear-
ance of SERP elements and the appliance of user interface design patterns to each of them. We
found that the number of elements in SERP has been rising over the years, most of them being
launched by Google and later replicated by its competitor, Bing. Nowadays, both search engines
present similar interfaces and an approximate number of SERP elements. Most of these elements
are applications of design pattern solutions, with broader diversity in Google. We found that
interface area increased almost exponentially in both cases, where Google leads consistently by
a slight difference. In contrast, Bing is more solid when presenting less heavy pages, regarding
the size of the files associated with the source code. This systematic analysis portrays evolution
trends in search engine user interfaces and, more generally, web design. We expect this work will
trigger more specific studies that can take advantage of the extracted captures, made available to
the community as an image and HTML dataset, and the website we provide with complete results.

Keywords: Search engines, Search Engine Results Pages, Web interfaces, Web design, Evolu-
tion
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Resumo

Os motores de pesquisa Web marcaram a vida de cada um ao transformar a forma como procu-
ramos e acedemos informacéo. Eles navegam a Web, organizam informa¢do mundial e tornam-na
universalmente acessivel a todo o utilizador. Desde o inicio, especial atencéo foi dada as inter-
faces dos motores de pesquisa, em particular as paginas de resultados dos motores de pesquisa
(SERP), para se assegurar a sua usabilidade. Consequentemente, melhorias foram surgindo com o
objetivo de, mantendo a sua simplicidade, retornar informacao da forma mais pratica e intuitiva.
A bem conhecida lista de “10 links azuis” evoluiu para interfaces mais ricas, muitas vezes per-
sonalizadas a pesquisa, ao utilizador, entre outros aspetos. Mais de 20 anos depois, a literatura
ainda néo retratou adequadamente esta evolugdo. Saber mais sobre a evolucdo das interfaces
dos motores de pesquisa é til para melhorias futuras nestas interfaces. Apresentamos um es-
tudo sobre a evolu¢do das interfaces dos motores de pesquisa desde o seu comego. Para estudar
como evoluiram estas interfaces em duas décadas, fizemos uma anéalise sisteméatica dos elemen-
tos das SERP ao longo dos anos. Para tal, usamos as pesquisas mais solicitadas por ano para
extrair uma amostra representativa das SERP através do Internet Archive, que tem vindo a cap-
turar interfaces Web ao longo dos anos, e que permite encontrar aquelas que estejam abaixo de
determinado URL. Utilizando este dataset, analisimos como as SERP evoluiram em termos de
conteudo, layout, design (e.g., esquema de cores, estilo de texto, grafismo), navegacéo e tamanho
de ficheiros. Registamos o aparecimento de elementos SERP e a aplicagdo de user interface design
patterns a cada um. Descobrimos que o nimero de elementos em SERP tem crescido ao longo
dos anos, muitos dos quais sdo primeiramente lancados pelo Google e mais tarde replicados pelo
concorrente, Bing. Hoje em dia, ambos os motores de pesquisa apresentam interfaces similares e
um nimero aproximado de elementos SERP. Muitos destes elementos séo aplica¢des de solucdes
de design patterns, com maior diversidade no Google. Mostramos como a area das interfaces au-
mentou quase exponencialmente nos dois casos, onde o Google lidera consistentemente por uma
curta diferenca. No entanto, o Bing é mais eficaz ao apresentar paginas menos pesadas, no que
respeita ao peso do codigo fonte e dos seus ficheiros associados. Esta analise sistematica retrata
tendéncias de evolucdo nas interfaces dos motores de pesquisa Web e, genericamente, em web
design. Esperamos que este trabalho seja veiculo para trabalho futuro que possa tirar partido das
capturas extraidas, disponibilizadas a comunidade como um dataset de HTML e imagem, e do
website com os resultados completos.

Palavras-chave: Motores de pesquisa, Paginas de resultados de motor de pesquisa, Interfaces
Web, Design Web, Evolucédo
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Chapter 1
Introduction

This chapter presents the context for this work, along with the main motivations associated with

its realization. It concludes by describing the structure and organization of this document.

1.1 Context and Motivation

Search engines have had an impressive growth in terms of personal and professional use, given
the wealth of information available on the Web and which needs to be filtered to satisfy one’s
information needs [6]. Cisco’s Visual Networking Index [13] estimates how much data there is
in the world, stating that the annual global IP traffic will reach 4,800 zettabytes (ZB) per year in
2022. In 2021, the indexed Web contains at least 2.42 billion pages [3].

Search engines are composed of two main pages, the home page and the results page. The
latter was known as the “list of 10 blue links” and has become sophisticated, with the constant
evolution of Search Engine Results Pages (SERP) that evolved to improve user experience while
searching. The outcome was the introduction of the most varied elements in just a single page:
the general SERP, which is the focus of this work.

Interfaces are important for the success of any web application. Especially in search engines,
they must support the user’s search process, reduce their experience problems and maximize the
understanding of the results presented. These roles, described in detail in Section 2.2, constitute
a notable motivation for search engines to improve SERP interfaces and usability.

Users scarcely look for search results that are not the first ones, as presented in Figure 1.1
[29]. In most cases, users may simple rephrase the query if they cannot find promising results at
the top of the list [23]. They rarely consult collections of information, such as videos or news,
when they are on the first page of results, compared to the respective ‘tabs’ that lead to separate
pages. For those reasons, search engines are returning on the first page, when possible, several
aggregations of information from other types of results, usually located in other tabs [26]. This
phenomenon of “tab blindness” is presented by Danny Sullivan [68], who states that users simply
do not see these tabs. It is a priority to place samples from these collections, other than just the

usual retrieved results on the SERP, not for the sake of diversity, but because most users will



2 Introduction

not reach them outside the first results page. Another similar behavior, presented by Laura et
al. [46] as “banner blindness”, is related to advertisement banners, which the user also ignores.
Overcoming these user tendencies was one of the incentives for the evolution of the interfaces,

and, as a consequence, it is a strong motivation to study this evolution.
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Rank of Abstract

Figure 1.1: Percentage of views/clicks depending on the result’s ranking (2017) [29]

Other aspects of the retrieval process received a more significant focus compared to inter-
faces. Studies addressing Web search engines’ interfaces focus and discuss various aspects and
SERP elements, but a complete picture of the whole interface, considering all possible results pre-
sentations, lacks in the literature and is a powerful tool for understanding what users really see
[26]. This author was responsible for the first and only, to the best of our knowledge, research
article addressing a complete overview of the elements that the most popular Web search en-
gines use in their results page. Still, it is an outdated work, done when the current SERP features,
described in this work, were still nonexistent. Thus, documenting in a more complete and up-
dated way the evolution of search engine interfaces, producing complements for future research

purposes, was the primary motivation for developing this work.

1.2 Problem Statement and Goals

This dissertation problem is based on the scarce research regarding the evolution and current
state of the interfaces of Web search engines. It is necessary to split the problem into concrete

steps, defined in Chapter 3, for the achievement of the following outcomes:

1. Collect old SERP interfaces of the top search engines on the Web

Look for a repository with captures of SERP interfaces during the last twenty years, and

define a strategy for the collection of a representative sample of that period.
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2. Study and document the evolution of SERP
Analyse overall aspects, like navigation, area and file size, and identify elements that con-
stitute SERP, individually assessing characteristics such as content, layout and design (e.g.,
color scheme, text styling, graphics).

3. Compare search engines’ SERP
Include, when applicable, a comparative perspective of the search engines under study at
each stage of the analysis.

4. Analyze SERP source code to automate analysis
Look for identifiers that locate SERP elements in order to scale the evolutionary analysis

in an automated way.

Using a systematic analysis, the dissertation’s final objective is to analyze and describe the state
and evolution to which the interfaces of the Web search engines have been subjected. They
increasingly seek to correspond with the user’s needs, returning the information in a useful and

direct way as possible.

1.3 Contributions

The knowledge aimed in the previous section is essential for further research on Information
Retrieval interfaces, and thus, we provide all our research data and results to the community.

Our main contributions are listed as follows:

1. Image and HTML dataset' of SERP
Dataset with all the 7000+ SERP captures between 2000 and 2020, extracted from Internet
Archive. Each capture contains a screenshot, the source code, an its files folder.

2. List of SERP elements’ code identifiers

Listing all the code identifiers, used during the elements detection phase, to facilitate future

work on analysis automation and coding of these elements.

3. Website? on the study of SERP interfaces
Website to provide a personalized experience with complete and extra information resulted
from this historical evolution analysis that can not be present in this document.

4. Full Paper on the evolution of Google SERP

Submission of a paper, entitled The evolution of Search Engine Results Pages, to the 30th

ACM International Conference on Information and Knowledge Management.

! Available at: https://doi.org/10.25747/991g-£765
®Available at: https://bedgarone.github.io/serpevolution/


https://doi.org/10.25747/991g-f765
https://bedgarone.github.io/serpevolution/

4 Introduction

1.4 Document Structure

This document is divided into four chapters. The first section of Chapter 2 refers to the state
of the art, addressing the role, mechanisms, and history of Web search engines as the problem’s
context. The following section summarizes the state of the literature regarding the interfaces in
Information Retrieval and the composition of Web search engines interfaces. Chapter 3 presents
the methodology applied to this study. Chapter 4 exposes in detail the results of the individual
SERP elements analysis, which addresses each search engine simultaneously. In an aggregated
summary of the various domains, Chapter 5 analyzes results from an overall SERP perspective.

Finally, Chapter 6 concludes the work and proposes further research in this subject.



Chapter 2

Background and State of the Art

This chapter explores the literature on Information Retrieval, with a primary emphasis on Web
search engines and their interfaces, to better contextualize the problem. Many of the concepts
and terminologies described here are crucial to the development of the work and the elaboration
of strategies for its realization.

This chapter is organized into three sections. Section 2.1 covers search engines in general,
stating the role and importance of Web search engines in society, the mechanisms used for their
operation, their history and their popularity. The following section presents fundamental strate-
gies in Information Retrieval interfaces, listing strategic components that underlie the structure
of different systems, and analyzing the composition of search engine interfaces. Section 2.3 ad-
dresses user interface design patterns, solutions used in SERP elements that are further high-
lighted in this work. The chapter ends with Section 2.4, which presents related works on the

anatomy of SERP, their interfaces, and general interfaces related to information retrieval.

2.1 Web Search Engines

This section contextualizes Web search engines, introducing their role, stating their importance
nowadays, addressing their base architecture and mechanisms, resuming their history and con-

cluding with popularity statistics.

2.1.1 Role and Importance

The amount of information present in the daily life of modern society continues to increase. At
the beginning of this century, it was estimated that between 3 and 6 Terabytes of original infor-
mation (stored digitally) were produced each year [35]. This value is growing, with each passing
year, while new formats and new data are collected, and for Gregory Smyth [66], human beings
cannot be able to memorize all this information, with the needs for tools to access information.
In the article, the author says that the best-known tools are the Web search engines, and in fact,
the leading owner of the Web search market, Google, already sees its name converted into a verb

in the dictionary (“google it”). In 2020, 5.5 billion searches were done on Google per day [76],
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Google Searches per Year
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Figure 2.1: Number of Google searches per year (until 2012) [27]

which translates to about 2 trillion searches a year. This evolution of search requests, seen in
Figure 2.1, would not happen if these tools were not an asset in returning the desired informa-
tion. Search engines’ role is to filter the massive amount of data available. Without this work,
users would have to dive into a sea full of irrelevant information, while with search engines,
users can quickly find information deemed relevant on top quality websites [66]. According to
Tefko Saracevic [52], the concept of ‘relevance’ brings together “intents, goals, and motivations
of a user, and texts retrieved by a system”. In this way, search engines are currently working to
better fulfill the role of delivering information to the user that correctly meets their needs.
Search is not always related to obtaining general, cultural, or academic knowledge. Many
studies look for information that helps the user to satisfy needs or interests related to his life.
Thus, one of the outcomes regarding the information that is returned is that search engines
increasingly define the brands, products, and services users will view and potentially consume.
Thus, companies must get their content to the results pages presented to the user. For Xing
and Lin [77], two methods generally reach this goal. One method is to buy advertising from
the search engine, where an advertisement is displayed in a pre-specified region next to the
returned results. Another approach is Search Engine Optimization, which consists of optimizing
the website itself so that it is highly ranked and appears in the first results’ positions, constituting
organic (unpaid) results. It is an emerging area, mainly because, according to Loren Baker [10],
users give more preference to organic results, in contrast to paid results. The presentation of
organic and sponsored results in the search engine interfaces will be analyzed throughout this

work.

2.1.2 Architecture

For a brief understanding on what is the architecture, as suggested in Figure 2.2, and mechanisms
that Web search engines use to deliver results, six steps can be listed: Web crawling, indexing,

searching and processing, result matching, result ranking, and presentation of results [6]. The
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Figure 2.2: High level software architecture of an IR system [9]

first step uses programs called Web crawlers, as the name implies, to browse the information on
the Web for a later process of indexing, done by a search engine, of everything they found. They
begin with a list of links, which is increased as they are visited, in a recursive search consistent
with a series of policies depending on the search engine. This work creates virtual copies of
each visited page, stored in a place usually denominated as central repository, ready for a further
indexing process that aims, as stated by Baeza-yates and Ribeiro-neto [9], for quick retrieval and
ranking of those documents. According to these authors, during indexing, search engines parse
the document to generate an inverted index, that compose the most common index structure
(inverted indexes) that point distinct words to documents that contain them. By assigning spe-
cific keywords to each page, speed and performance in the search for relevant documents are
improved. The third step is initiated by the user when he specifies a query reflecting the user’s
needs [9]. The search engine processes the terms entered and compares them with the pages
indexed in the database. Matching the results is associated with this task, in which the query
is compared with the similar pages detected. Finally, the result ranking stage defines the order
whereby the results will be presented to the user, followed by the results presentation step, which

consists of displaying the results along the search engine results page’s interface [6].
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2.1.3 History

The first Web search engine appeared in the last decade of the 20th century. Until then, search
tools did not exist or were scarce. Jon Penland [31] describes the history of search engines, which
begins in 1960, at Cornell University, even before the Internet was created, where the SMART
Information Retrieval System was developed. The author argues that, despite not being a search
engine, this early information retrieval system established concepts such as term weighting, rele-
vance feedback, and many others, all necessary foundations for search engines. Penland includes
the WHOIS as a context to this overview, although more related to data retrieval, being created
in 1982 as the first search tool in databases on the Internet, for tracking or locating information
regarding resources on the Internet. It is still used today, with more limited parameters, to find
the registered owner of any domain or website. Searching for content, not for users, Archie was
launched, in 1990, being considered the first search engine [62]. When searching for a file name
in Archie, the answer consisted of the directory path and the system containing the file’s copy
[62]. Which, according to Penland [31], was something that was necessary to know by heart in
case it was required to do some research on the famous FTP servers. Archie allowed a connection
through the command line and queries formatted in email or through a search interface. Figure

2.3 shows Archie’s interface.

WinSock Archie Client

Eile Edit Options Help

Search for  Wsarch | [searen ] [ Ao |

Archie Server |Aichie.docic.ac.uk  United Kingdom  [#] @ Substring
N O Substiing fcase

Domain [cz.sk.af | & Exact
O Begex
O Exact first
Hosts Directories Files

File Name
Size

Hode

Date

Archie Date
Host Address

ForHelp. press F1 |Packet none [Queue unknown [Time unknown

Figure 2.3: Archie’s WinSock client interface in 1995 - source: earchiv.cz

Archie required the user to be aware that a file was somewhere on a particular site. That
stopped happening in 1991, with the launch of Gopher, which included searching databases and
text files; all it took was a search and waiting for the site that contained that information [74].
Closer to the Web than to FTP servers, it was seen as a kind of File Manager, as for enthusiasts
it was faster and more organized than the Web itself [31]. Penland’s text states the requirement,
in the search process, of navigating through various menus and submenus associated with titles
and descriptions until the desired file is found. Alternatives to this process emerged, Veronica
and Jughead. For the author, Veronica consisted of applying the Archie model to the Gopher
protocol, with queries to the Gopher servers. Jughead, also a Gopher tool, had the limitation that
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it could only be used on a limited part of Gopher, and, in contrast, it consisted of a powerful tool
with compatible advanced search operators, dedicated to a single Gopher server [31]. With the
emergence of the Web in 1993, W3Catalog was born, the first Web search engine, with a concept
very similar to Archie and Veronica. Seymour, Frantsvog and Kumar [62] describe that it offered a
catalog for WWW resources, mirrored the pages, reformatted the contents for individual entries,
and provided a front-end for dynamic querying. Aliweb, the second search engine, allowed users
to submit file locations for their sites, so for a site to be indexed on Aliweb it was necessary to
register on the server [62]. As seen in the previous section, indexing and Web crawlers are
essential in the results returned. The first Web crawler was created in 1993, allowing the launch
of the first application of a Web crawler, JumpStation [31]. Since then, the evolution has been
more and more notorious until the end of the decade, when the most resonant names popular
with today’s users appeared. AltaVista appeared in 1995 and was one of the most popular search
engines until Google arrived [62]. It was the first search engine to use Boolean operators. In
the same year, Yahoo! appeard, another search engine with great prominence that later, in 2003,
came to buy AltaVista and launch Yahoo! Search one year after, which is still in the ranking of the
most used search engines today [12]. In 1996, Ask Jeeves (now known as Ask.com) appeared, with
the purpose to answer users’ questions in natural language. In 1998, Google was born, a search
engine that revolutionized the market, starting and leading innovation in this area. According
to Penland, [31] what drove Google to great success (the world’s leading search engine) was its
patented algorithm, PageRank, which recursively assigned scores to pages based on weighted
sums of Page Ranks of pages that linked to them. With the advancement of technology, many
other engines have emerged. For the development of this work, it is important to highlight
the appearance of another name, Bing, now known as “Microsoft Bing”, introduced in the 21st
century, in 2009, under the baton of Microsoft. It is currently the second most used search engine
[12].

2.1.4 Popularity

Web search engine’s popularity can me measured according to the market share. The most recent
data are synthesized by Alex Chris [12], who lists the ten most popular search engines today,
highlighting the first five in Figure 2.4:

1. Google is undoubtedly the leading search engine today. It has a market share of 92.26%,

maintaining a domain in all countries on any device.

2. Microsoft Bing, despite being runner-up, already has a big difference in market share

(2.83%) and is still the default search engine on Windows computers.

3. Yahoo! has an average market share of 1% and is, since 2014, the default search engine in

Firefox browsers in the United States.

4. Baidu is the most popular search engine in China, with a global market share of 0.68% and

only available in Chinese.
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Figure 2.4: Top 5 Web Search Engines in 2021 [12]

5. Yandex is another locally popular search engine, in this case in Russia, with a global mar-
ket share of 0.5% and 65% in that country.

Other generalistic search engines mentioned in the list are, in order, DuckDuckGo, Ask.com,
Ecosia, Aol.com, and Internet Archive, which has the “Wayback Machine” tool without which

this work would not be possible.

2.2 Interfaces in Information Retrieval

This section is divided into two parts. The first is more focused on information retrieval, related to
general search systems, and addressing the strategic components essential to the search process.
The second part analyzes the state of the art regarding the composition of Web search engines’

interfaces.

2.2.1 Strategic Components

When faced with a new information system, the user does not have complete knowledge to man-
age and expertize the system tools to achieve his goals. A user interface should help the user to
acquire that knowledge intuitively, bringing their needs closer, while facilitating also the user
experience. Marti Hearst [24] points that a human-computer interface is a field not as well un-
derstood as other information retrieval areas since there are human factors more complicated
than computer systems, addressing the difficulty to define or characterize behaviors and motiva-
tions in the human case. The author lists three fundamental design principles: offer informative
feedback, reduce working memory load and provide alternative interfaces for novice and expert

users. Hearst’s text clears that determining how much information should be available to the
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user is a choice of great importance when designing interfaces in information retrieval. Com-
bining this with the fact that humans have a greater affinity for images and visual information
[73] is also desirable. Well suited figures can be more captivating. In this work, we’ll look at how
search engines applied better graphics to develop new interfaces.

A person relies on a search system to take oriented first steps in a search process. Interaction
models can be defined through the different ways in which a user thinks, prepares, and executes
this task plan. According to Salton and Shneiderman [51, 64], this process assumes an interac-
tion model that consists of specifying the query, receiving and examining the results, and may
end there or, otherwise, reformulate the query and repeat the same process until the results are
satisfactory. This is a simple interaction model, which conforming to Hearst [24], assumes that
the user’s information needs do not change throughout the search, the latter being in a cycle
with the refining of queries until the desired result is achieved. O’Day and Jeffries [45] state
that search results for an objective tend to generate new information needs. Therefore, search
interfaces should allow the user to readjust his objectives and both reformulation and filtering
strategies at any time during his search [24]. On the other hand, a user interface must track the
user’s steps throughout his session, including progress, filtering, reformulation, and intermedi-
ate or visited results. Thus, the interface will allow the user to follow different paths, triggered
by some unanticipated results, since good usability is applied, being the way to return to the
previous status visible and direct.

The search process contains two types of primary activities: searching for information and
the consequent analysis/synthesis of results. For Hearst [24], user interfaces must allow these
two activities to interrelate. Despite the diversity of systems, types of search, and adaptability to
different user experiences, some strategic components in the interfaces’ design are identified in
most research systems, which are described in detail in Hearst’s text, listed as following: start-
ing points, query specification, context, using relevance judgment, and interface support for the

search process.

Starting Points

The start of the search process must be intuitive for the user. Therefore, the interfaces should
assist the user in the beginning, providing options for a good search from the start. Users intro-
duce small queries in the first phase of the session [28]. They analyze the results and then try to
modify these queries in an incremental feedback loop [7].

The definition of the user’s idea about the desired information is variable and also varies
throughout the search experience. Several ways designed to assist the first steps are possible to
identify [24]. Typically, systems require the user to scroll through a list of collections accom-
panied by the name and a small piece of information to accompany the entry. Others present a
wide range of textual collections, with the aim of the user studying an overview of the results’
content. These overviews can be of a high level, as when they are presented by categories to
structure and facilitate the user’s starting point, where he can find references to the topics of

interest. Other overviews can be derived automatically, using clustering techniques that orga-
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Figure 2.5: Display of Scatter/Gather clustering retrieval results (1992) [14]

nize documents into groups based on their similarity (clusters) and concluding on their themes
(centroids). Hearst and Peterson [25] suggest that this method is more effective when integrated
with conventional search technologies, applying clustering to the results of a query, organizing
them, and directing the user to more relevant sets, shown in Figure 2.5. Finally, in addition to
many other presentations, for example, more graphic (piles of books, bookshelves), overviews
can also be presented based on patterns in co-citations, applying a variation of co-citation analy-
sis, and trying to match articles or pages regarding the sharing of commonalities [24]. From this

approach, it is possible to extract dominant themes and central authors in a field.

Users can be helped to start their search process with an example of interaction with the
system, a technique called retrieval by reformulation, which is very important in systems that
infer information needs [78]. However, users generally feel that being guided by examples they
then have to modify is tedious. A dynamic variation of this aspect is to use interactive dialogues
instead of examples. The most well-known and restricted form of dialogue is the so-called wiz-
ard, a tool that helps users in tasks regarding efficiency, reducing the user’s actions to those that

are essential [47].

Query Specification

In the search process, to reach information, the user must specify words or phrases that de-
scribe the information you want to find in what is called ‘query’. Shneiderman [63] identifies
five human-computer interaction types: command language, form filling, menu selection, di-
rect manipulation, and natural language. Unlike modern information access, the systems only
supported Boolean queries. According to Hearst [24], these are problematic since the syntax is
counterintuitive, suggesting inexperienced users to misinterpret operators like AND and OR. For
the author, most users are not familiar with the languages, whose complex syntax is a require-
ment for the use of other connectors. Web search engines needed to get around this problem,
and from there came the search for loose words or phrases without the need to use less intuitive
operators. Mechanisms are then applied to combine the terms in conjunction (all the words’)

or disjunction (‘any of the words’). Another of the problems with Boolean queries is that they
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do not provide any early feedback on the results to be returned, so users may experience empty
results when they restrict data too much (many joint terms) or wide results when many disjoint
terms are specified [24]. Faceted queries, seen in Figure 2.6 have become an approach used in
several systems to simplify queries into simpler topics and, in parallel, present a value relative
to the number of entries to be given in case of selection of these topics, allowing management of

the size of the result set during a query specification.

Digital cameras

Refine your results

Manufacturer

® Canon S (8

Figure 2.6: Example of faceted queries (2009) [59]

In other systems, the change ends up replacing command lines with forms, menus, and check-
boxes, making the user preferentially perform selections instead of specifications. The graphical
way the interface is built allows making explicit many of the tools that users would never explore
using a command-line interface. Regarding visual approaches, interface manipulation consists
of another alternative, based on three principles [63]: continuous representation of the object
of interest, physical actions or button presses instead of complex syntax, and rapid incremental
reversible operations whose impact on the object of interest is immediately visible. Interfaces
generally give the user extra motivation, as they are easier to use in various contexts, providing
more accuracy and speed. Examples given by Hearst [24] are interfaces based on Venn diagrams
with rings as terms and interceptions as conjunctions; filter-flow models inspired by the inverted
flow of a river depending on the filtering of the documents; block-oriented diagrams, where rows
and columns highlight operators; and magic lenses, which, associated with words/categories, go

over documents in a pool, filtering and presenting those that are relevant.

Context

After specifying the query, the next step in the search process is the analysis of the results.
The way the results are presented and related to the query is associated with the term ’context’.
There are several interface techniques to make the result set more understandable, involving the
linkage of the results to the requested query, as well as the presentation of descriptive metadata,
results overviews, structuring the contents, and relations within the set [24]. The results are
typically presented as entries with title, brief description, and metadata, called document sur-
rogates, seen in Figure 2.7. To these it is added the ranking, or proximity to the query, of the
result when the search algorithm is ranking-based. Search engines automatically generate these

elements that accompany each result, usually extracting the first text lines from each Web page.
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Figure 2.7: Document surrogates in a Search Engine Results Page (SERP)

In systems where each document’s text is presented in full, it is useful to highlight the terms
in the text that correspond to terms present in the query. This mechanism attracts the user’s
attention to the text’s parts that address what they searched for. This represents an improvement
in the efficiency of the search [33], and can be done through a colored background behind the
word, as seen in Figure 2.8, and, optionally, the use of bold [19].

Some systems contextualize the results not by looking at each document individually but
by relating them to each other, summarizing the content of the results concerning the subset of
query terms contained by them. The tabular display is another method to show relationships
between the returned results, allowing a range of connection forms through coordinated axes,
relating metadata, and using colors, shapes, and sizes of icons [24]. Kammerer and Gerjets [32]
proposed a grid interface for search engine results, as seen in Figure 2.9.

Less popular approaches have emerged over time, such as the presentation of results in the
context of a table of contents, which can be manipulated, expanded, or contracted; assigning hi-

erarchical metadata categories to results; using hyperlinks for organization, among others [24].

Using Relevance Judgments
Between the formulated queries and the user’s information need, a semantic gap stands that

led information retrieval systems to employ techniques to capture the subjective aspect of rel-
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Figure 2.9: Grid layout proposal for SERP [32]

evance and improve the effectiveness of retrieved results [48]. Hearst [24] refers to relevance
feedback as a proven effective technique, which takes the user to select a small set of documents
that appear to be relevant to the query, and the system ends up deriving from that selection a
new set of documents. For the author, in information retrieval systems, the control should allow
the manipulation of the type of information returned, not in terms of the query used to modify
this information. However, an opinion is left on how challenging it is to design interfaces to

allow interaction in this way.

Relevance judgment is a complex task and requires a time-consuming effort. Allegretti et al.
[4] point that to successfully destroy the ambiguity inherent in the user’s information need, it
is necessary to resort to an interactive and iterative process called the relevance feedback cycle.
The authors describe that this process lists the user’s explicit or implicit indications about rele-
vant objects that the system processes to represent the user’s needs better. After presenting the
results, for Hearst [24], it is useful to contemplate the indication that a document has already
been seen by the user, for example, using less vivid colors such as gray or even smaller sizes
and fonts. To reduce this effort, the search engines adopted a terminology of “more like this”,
an example given by the author that lists some documents with some relation to the searched
query and whose similarity may interest the user. This feature calls for a single user click, rather
than feedback collection steps, and is still used today in Web search engines, being featured in

the elements described in the following section.

Interface Support for the Search Process

Finally, and as a stepping stone to the studies in the next section, the importance of a well-
structured interface and screen spaces arranged according to the best layouts is addressed, mainly

when this idealization is directed to a complex activity as information retrieval. Hearst [24]
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presents several themes related to different systems’ interfaces, such as string matching, window
management, example systems, and retaining search history, so those interested in any of the
themes, in particular, should consult the full text. The text clears that it is essential to know how
to limit the amount of information presented at one time on an information retrieval interface,
not forgetting the significant space to be reserved for text area, capable of presenting text legibly.
Web search results can be visibly very different depending on graphic details such as the font
and spacing [40]. Hearst presents the concept of diagrams off monolithic layouts, as the basis for
interfaces divided into left and right sides, usually associated with structuring and visualizing
information respectively, to which are added components at the top and bottom of each side for
search parameters, documents of interest, metadata, among others. Several other interfaces are
presented. These must provide guidelines so that the user is helped start directly and towards
success in the search, preventing errors, not forgetting to display the path already made and
giving tips on further valid paths. There are several studies on the efficiency, advantages, and
disadvantages of strategies around the components discussed in this section. Respecting Web
search engines, there has been a standardization of which to use in most different engines. The

next section looks at what the literature has already cataloged about their current interfaces.

2.2.2 Web Search Engines Interfaces

Search engines have slightly different ways of presenting information, which influences the ex-
perience and results selected by users. At this time, Google Search, from now on referred to only
as Google, has the largest number of “sophisticated” results on its results pages, as it has always
been one step ahead of the competition in implementing these elements [26]. Therefore, because
the entire literature is committed to Google’s elements, this analysis lists those same elements.
As we will see in this work’s results, many of these elements will also be present, implemented
similarly, in other search engines.

Web Search Engines are divided into two main interfaces: homepage and Search Engine
Results Pages (SERP), shown in Figure 2.10, being SERP the target of this study. The purpose of
this section is to present the elements identified in the past that compose a SERP.

SERP contain the search query bar and the list of results. The search query consists of one

or more terms entered by the user, inserted in an input text box so that the user can resort to
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Figure 2.10: Bing homepage (left) and SERP (right), captured by Internet Archive (2017)
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when beginning a new search or doing query reformulation. The results list contains the entries
selected by the search engine and which are related to the submitted query. Each result points to
a Web page identified by title (Web page title), a URL, and a brief description (date of publication,
meta description), as suggested in Figure 2.11. Depending on the relevance of the results, as we
will see later, other more enriched elements can also be presented, such as images, ratings, or
rich snippets, described in this section.

Hochstotter and Lewandowski [26] define two visual areas on the results page: the visible
and scrolling areas, also shown in Figure 2.11. The visible area consists of the initial part of
the interface as far as the user can view information without interacting with the browser, and
immediately after opening a specific page. Information beyond is considered to be in the scrolling

area, as the user needs to slide the interface to reach the rest of the information.
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Figure 2.11: SERP components and areas - taken from Google (2020)

Regarding the results list, we can divide its content into three major categories: organic
results, sponsored, and SERP features. These elements are tabulated in Tables 2.1, 2.2 and 2.3,
and will be described and analysed in greater detail throughout Chapter 4. Introduction dates

come from blog posts on Google Blog, SearchEngineWatch and SeroundTable.

Table 2.1: SERP Organic Results

Results Description ‘ Appearance ‘

Regular Usual entry, listing title, url and description 1998 [18]

Enriched Sitelink, searchbox, breadcrumb or ratings and re- 2006 [22]
view
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Table 2.2: SERP Sponsored Results

Results ‘ Description ‘ Appearance ‘

Textual Similar to a regular result, with a label ’Ad’ 2000 [21]

Shopping Set of cards listing various information about each 2016 [55]
product (name, image, store, price, ratings, offers)

Table 2.3: SERP Features

Feature Description Appearance

Featured Snippets | Answer box responding a question-related query

Direct Answer Re- | Instant answers with short and direct information
sults

Knowledge Panel | Dynamic panel with contents ranging from text to 2012 [65]
images, ratings, social profiles, among others

Local Pack Main geographical results positioned in a map 2014 [54]

Local Teaser Similar to the Local Pack, focused on restaurants
and hotels

Image Pack Set of images related to the query

Video Pack Set of videos related to the query

Top Stories Blocks of news considered relevant to the query

Carousel Line of several cards, with topic and image, present- 2012 [53]

ing related results at the top of the SERP within a
same category

People Also Ask Set of questions related to the query, commonly 2017 [58]

asked
Related Searches Set of suggestions for related searches
Twitter Pack Set of recent tweets related to the query 2016 [56]
Recipe Card Set of cards linking culinary recipes 2016 [57]

2.3 User Interface Design Patterns

This section is focused on user interface design patterns, addressing their concept, motivations
for their use, and listing several well-known examples useful for search engine interfaces.

A fundamental mission of human-computer interaction is to capture past design knowledge
and best practices, so that one is not inventing the wheel in every project [61]. Thus, a design
pattern is a means of capturing and disseminating this knowledge. Patterns are simultaneously
concrete and abstract, which allows them to facilitate solutions to concrete design problems, but
being sufficiently abstract to act in different situations, of which we will study, particularly in
this work, the search engines interfaces. Patterns capture essential details, leaving aside what
might make a problem overly specific, such as technology dependencies, and lose its abstraction
capacity. In short, they are an invariant solution that addresses recurrent design problems in a

specific context [17].



2.4 Related work 19

The use of user interface design patterns has not only become popular among software en-
gineers but also usability engineers and specialists who are dedicated to building usable systems
[61]. These have been considered as lingua franca for design as they cross cultural and profes-
sional barriers [60]. Standing out among the various benefits of using patterns is the intuitive
way of documenting knowledge, the content being easily interpreted by designers, developers
and other participants, the fact that they are the result of experiences with solid and not artificial

knowledge, and, above all, the user-centered perspective within their rationale [61, 60].

Each pattern has three essential elements: a context, a problem and a solution. Therefore, it
manages to address the specific context in which the situation occurs, describe the problem and
constraints, as well as the intended objectives, and propose a solution with valid design rules for

these constraints, applicable in identical situations [60].

Table 2.4 includes several user interface design patterns described by Jeniffer Tidwell [70]
and online [72], which are useful for search engine interfaces. Each is accompanied by a short
sentence describing the solution and an image example taken from the same source as the de-

scription.

2.4 Related work

This section will contain an overview of the literature related to this study. This work is posi-
tioned at the intersection of Information Retrieval (IR) and Human-computer Interaction (HCI)
areas. It is not difficult to find works in the literature that address this same intersection. How-
ever, to the best of our knowledge, it is unlikely to find works specifically close to this one,
seeking to collect interfaces from search engines over time and analyze their evolution. Some
works address general interfaces in HCI, like the one from M. Hearst [24] that explains many of
the essential components of an interface in a research system, contributing a lot to Subsection
2.2.1. There are also works related to the anatomy of SERP and works related to the state of SERP
interfaces, mainly of a propositional and evaluative nature. The highlights are now described in

the section.

Hochstotter and Lewandowski [26] address the composition of the Search Engine Results
Pages (SERP) and count the appearances of the various elements. To the best of our knowledge,
this was the first work to analyze the entire structure of the SERP. Besides, the authors examined
the retrieved results, their sources, and types (e.g., organic results, advertisements, shortcuts).
When authors wrote this paper, advanced features in SERP were not widespread, which was not
the case when Moran and Goray [38] studied the anatomy of SERP, defining terminology for
SERP elements. The latter is used in numerous articles regarding Nielsen Norman Group’s main
work related to usability in Web search. Nielsen’s work [42] inspired Nunes et al. [44] when
studying the interface evaluation of news websites, focusing on interface design, accessibility,

and usability.
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Nicholson et al. [41] compare the SERP’s “editorial precison” by dividing the percentage of
organic content (editorial) by the percentage of every content (organic and sponsored). Results
show that 67% of a full page was dedicated to organic content.

Morville and Callender [39], in their ‘Search Patterns’ book, apart from addressing the anatomy
of the search process and the related behavior, also list elements and principles of interaction de-
sign, describing many user interface design patterns around search websites. This book shows
how search blends into everything one does online, making explicit the user behaviors that trig-
ger the search and satisfaction with the retrieved results. Graphics and screenshots play an
important role in conveing the authors points.

Mostafa Alli [5] proceeded with a propositional work, rather than descriptive, focusing on
feature snippets and user query ambiguity. It proposes the creation of visual techniques to im-
prove the user experience. The author claim to be the first to study a visual approach, having
noticed that visuality and more appropriate textual snippets and titles would help enhance users’
satisfaction with a SERP during an ambiguous search session. In this work, they have generated,
with variations, new search snippets and titles with more appropriate feature visuals.

An article by Stella Tomasi [71] tried to study users’ behavior based on different SERP inter-
face formats, with a focus on visualization, to find what cues were most useful for users to find
the desired information. The work involved the design of three interface prototypes to evaluate
each one’s strength depending on whether users followed or not their functionalities. Conclu-
sions state that users prefer shorter suggestions than complex and longer ones, mainly website
or category titles and keywords, results orientation, and animation. Another similar work by Ar-
guello et al. [8] relates this task complexity to the type of results and how they are displayed in
SERP, namely the test of two types of presentation: a page with singly vertical results and a page
blending those with other categories of results. The analysis concluded that the user is more sat-
isfied with the blended interface for more straightforward searches more often. The introduction
of content from other SERP ’tabs’ has been addressed in this work, and it will be interesting to
check when its process started. The present work dates from 2012, with no evidence of whether
this format already existed or it was an innovative proposal.

There is a work focused on the cognitive attraction of the Knowledge Graph, carried out by
Monteiro et al. [37], on a sample of Google SERP interfaces. It consisted of applying an eye-
tracking technique and assessed the user’s attention throughout the SERP interface, depending
on the type of results it presents. According to this article, the smaller the number of SERP
features presented throughout results, the greater the attention will be on the Knowledge Graph.
Results reveal the attractive role of image, although other cognitive factors may interfere, such as
search sort and user’s search engine usage expertise. There are other works with the application
of a similar technique, evaluating other SERP components, as is the case of Buscher et al. [11]
on advertising and related searches.

According to our research, it is a short set of related work, constituting a strong motivation for
developing this work that will complement and update this area of the search engine interfaces

in the literature.
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Table 2.4: Sample of well-known user interface design patterns

Pattern

Description

Example

Accordion

Used to stack modules of similar content,
permitting the user to open and close each
module independently, freeing up space
and allowing the user to access the content
only if interested [70].

Styles » Styles

» Alignment and Spacing ¥ Alignment and Spacing

» Bullets and Numbering
Borders and Shading

]

Horizontal:

I | (1
I}
1]kl

» Document Margins Line spacing;

Breadcrumbs

They linearly specify hierarchy levels lead-
ing to the current page. However, in SERP,
Breadcrumbs are associated with content
elements, not with the page itself, and may
specify different types of hierarchies [70].

W Mother tC ty Forums > Parenting > Ages and Stages
.. Birthday Party Food Ideas--Four Year Olds

Categorization

Provides the user with categories different
from each other, helping suggest what con-
tent is to be found [72].

Cards

Used to display content composed of dis-
tinct elements, normally about a single sub-
ject, to form one coherent piece of content.
Thus, it is usual for cards to be closer to
other cards. [72].

Carousel

Consists of a horizontal strip of simple
cards, letting the user to scroll horizontally
to view them and encouraging the inspec-
tion of the items that are to come [70].

Grid of Equals

Used to display items in a grid or matrix,
each following a common template, linking
to respective pages [70].

Module Tabs

Used when content is groupable and there
is no room for everything. Modules of con-
tent are divided in small tabbed areas with
only one visible at a time, the user being
able to click on tabs to reveal other modules
[70].

Maps Directions What's New

Get a Map International: US & Canada |v
Find a Business (optional) 4/

Your Recent Locations

Recent v

News Stream

Used to list time-sensitive items chronolog-
ically, combining the sources in one place
[70].

BEEPE wiredscience Dinosaurs were around at least 10 million years
~ \"' earlier than we thought: http://bit.ly/t8DMg
% |

IO CN Heavy metal in Baghdad? See how the only heavy metal
[@NNJ band in Irag struggled to stay together and stay alive
http://on.cnn.com/d2SGO

Giuliani backs Grayson in Kentucky Senate race; a
[OEMA carryover from his 2008 foreign policy feud with Ron Paul?

Responsive Disclo-
sure

Used when the user is exploring informa-
tion or proceeding with different actions.
The interface is being revealed (disclosured)
as the user proceeds [70].

Thumbnail

Used when the user is provided with an
overview of pictures without downloading
each in full size [72].
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Chapter 3

Methodology

To study web search engines’ SERP user interfaces, we used the methodology summarized at a

high level in Figure 3.1.

Search Choice of Definition of List of
engines capture’s extraction captures
selection repository algorithm p
~ARCHIVE
GO gle :Z‘ i mmnz:et AN
B3 Microsoft Bing E l I I l \ v,

©,
Automated extraction of SERP captures’ HTML source and screenshot |
®
Manual Definition
CI;;)ttausI;s n} o(rﬁﬁt:; I;P { e identification of of strategy
P SERP elements  for automation
Element
. - identifiers
E === | #id
—- = id
- #id > .id

Automated detection and extraction of data from the dataset

For each element found For every SERP capture
-
Screenshot, Area,
gositioning, files size, & ava N
- timestamp files number —

Manual identification of design patterns

Individual analysis of SERP
SERP elements Overall analysis

Figure 3.1: Overall methodology for each section
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The process starts with the selection of the search engines to be analyzed, and to look for a
repository that contains captures of its interfaces; tasks explained in Section 3.1. Thereafter, we
created and applied a method to collect a set of these captures, described in Section 3.2. Finally,
we studied a sample of the set to understand the global structure of the interfaces and list the
target elements to carry out a systematic analysis on the entire set, which is detailed in Section

3.3.

3.1 What SERP have we captured?

There is a noticeable difference between Search Engines’ market share [12]. We concluded that
the extensive work analyzing search engines whose use is minimal (around 1%) was not justi-
fied. For this reason, we decided to focus our analysis on the first two classifieds: Google for its
market share hegemony and Microsoft Bing to permit a comparative analysis. These two options
are responsible for 95% of the worldwide market share. Although Web search engines are also
available on mobile platforms, their interfaces are considerably different from desktop ones. This
study will address desktop versions exclusively, from its beginning in 2000 until 2020.

The Internet Archive has been keeping snapshots and the respective HTML version of web-
pages over time. Its collection contains more than 50 billion webpages [34]. Internet Archive
provides a standalone HTTP servlet, the Wayback CDX Server API, that allows complex query-
ing, filtering, and analysis of captures. It enables, for example, to obtain the timestamp of captures
in a 14 digit format, filtering captures by date (year, month, and day) and URL. While filtering
by URL, we can use a wildcard (*) at the end of the URL to specify the latter as a prefix and also
receive entries that go beyond the specified URL (e.g., www.google.com/search?q=cookies*).

Using the API, we found hundreds of thousands of SERP captures during two decades. This
large number of SERP and existing resource restrictions led us to devise a method to identify
a smaller, yet representative, set of SERP. Initially, we collected a random sample of SERP over
time, but results would retrieve captures that referred to non-usual queries, some of them with
non-sense characters and most of them being strangely too restrictive. To assure SERP diversity,
we have used a set of 129 most searched queries in the last 20 years'. These queries contain
relevant terms often searched by users and, consequently, trigger features in SERP. Hence, it is
highly likely that SERP interfaces derived from these queries are richer and, thus, more relevant
for this study than those generated by random searches. We decided to append these queries
with the *” wildcard while submitting them to the API to obtain a larger amount of captures.

Using the most searched queries, we noticed that some years had no captures. In fact, for
those years, there are few captures from the generic search domain. Hence, in those years, as
when Table 3.1 mentions the all method, we collected all the available captures. In Google’s case,
we also noticed that the two last years had a much larger number of captures (>10 thousand).
Therefore, in 2019 and 2020, we restricted the URL submitted to the API to those without queries

longer than 37 char, the equivalent of 6 words, with an average length of 5 char according to

! Available at: https://bedgarone.github.io/serpevolution/mostsearchedqueries
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Norvig [43], and spaces between them. This restriction excludes longer and more specific queries
that are probably less useful to the plurality of interfaces. Our dataset has 5.653 captures from
Google and 2.267 captures from Bing. Table 3.1’s last column consists of ordered lists with the

number of captures per year.

Table 3.1: Dataset extraction information

’ Google ‘ Method | Max. length ‘ Screen width Captures

2000 - 2002 queries - 800px 200, 3, 23
2003 queries - 1024px 231

2004 - 2008 all - 1024px 12, 0, 200, 0, 26
2009 queries - 1024px 11
2010 all - 1024px 78
2011 queries - 1024px 7

2012 - 2015 queries - 1366px 57,975, 30, 89

2016 - 2018 | queries - 1366px 172, 192, 548
2019 queries 37 char 1366px 171
2020 queries 37 char 1920px 2628

| Bing |

2010 - 2011 | queries - 1024px 71,5

2012 - 2015 all - 1366px 30, 38, 41, 62

2016 - 2019 | queries - 1366px 9,138, 143, 132
2020 queries - 1920px 1598

3.2 How have we captured SERP?

We used Python and Selenium Webdriver, for browser automation, to visit each capture online,
check if the capture is valid, save the HTML version, and generate a full screenshot. This is
shown diagrammatically in Figure 3.2.

Not all the captures listed by the API were considered valid, even though being labeled with
an OK status code. Some are inexistent, with a contradictory message of URL not captured, and
some are defective (e.g., showing incomplete interfaces without search results). To automatically
assess the validity of each capture, the program tries to find an organic result, the element that
cannot lack in a Search Engine Results Page (SERP). Captures from other SERP tabs other than the
general first page, identified with the substring "tbm" in the URL, were also discarded for being
outside of this work’s scope. A timeout exception is raised after 6 seconds, which means the
program will skip that capture, which was the time that was empirically considered sufficient for
a valid capture to be fully loaded. Before downloading the page, we still have to remove graphical
elements from Internet Archive, such as its information and donation bars, like in Figure 3.3.
Some captures present other distracting banners, overlapping parts of the interface, such as the
ones related to cookie consent. The ones we were able to identify have been incorporated in the

removal process.
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Figure 3.2: Extracting captures procedure

The existing methods can only access the webpage source code. Thus, to download the source
code and the respective files, we used an external library pyautogui to simulate the keyboard keys

to trigger the browser’s save function.
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Search About 4,410,000,000 results
| Web Design - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Design - Cached - Similar
mage: Design is the creation of a plan or convention for the construction of an object or a system (as
T in architectural blueprints, engineering drawings, business ...
Graphic design - C icati - Product design - Di

Search Images Maps Play YouTube News Gmail Drive More~ Signin %
i e
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Search
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design.org/ - Cached - Similar

Blogs Aweb site seeks to help designers and those inspired by design to create a better world and
promote their efforts on a global stage.
Patents Graphic Design | Inspiration - Architecture - Blog - Industrial Design | Inspiration

Figure 3.3: Cropped capture with (top) and without (bottom) distracting banners

The process concludes with the generation of full-height screenshots of every HTML version,
opened in another browser instance, in headless mode. Because SERP are responsive to the
screen’s size, we produced screenshots considering the most popular screen size at the time
of the capture. We only considered the width measure because SERP height is highly variable.
According to screen size usage throughout the years [69], seen in Figure 3.4, we used the browser
widths shown in Table 3.1.

The dataset contains all the extracted captures. Each capture is represented by a screenshot,
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Figure 3.4: Evolution of screen size usage (since 2009) [1]

an HTML file, and a files’ folder. We concatenate the initial of the search engine (G or B) with
the capture’s timestamp for file naming. The filename ends with a sequential integer "-N" if
the timestamp is repeated. For example, ‘G20070330145203-1" identifies a second capture from
Google by March 30, 2007. The first is identified by ‘G20070330145203’.

3.3 How have we analyzed SERP?

The analysis process included two main stages, as shown in Figure 3.5. In the first stage, we have
extracted from the main dataset a sample of captures to identify SERP elements. We selected
the capture with the most features for each month by manually looking at the screenshots of
that month’s captures. For each element, we analysed its source code looking for identifiers
that could locate the element in a later automated process. Since elements’ code was frequently
changing, it was not possible to list every single identifier that elements might have had, but all
the identifiers encountered were logged and are listed in Appendix A. Element identifiers consist
of HTML classes, ids, tags or a combination of these using CSS selectors (e.g., featured snippets:

‘#knocube’ or ‘#res .hp-xpdbox’).

Build set of Identify SERP Select element’s Log
repr gslfﬁllt)atwe elements identifiers identifiers
[~— - I #id
R --n=<> id
== each c -
== HTML #id > .id

©)
®

Search element
in the dataset

Scrleenshot Load capture —4—(Log element’s timestamp
interface, element in Broswer
=

Figure 3.5: Detection and analysis of elements procedure
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A brief example on how to associate each SERP element with a code identifier is demonstrated

now, through the “King’s College Cambridge” search on Bing.

King's CoIIege Cambridge Traduzir esta pagina

https://www.kings.cam.ac.uk ~

Welcome to King's College. One of the 31 constituent Colleges that make up the University of Cambridge,
King's College was founded by King Henry VI in 1441 and has continuously striven to uphold Henry’s love
for ‘education, religion, learning and research’. Whether you are browsing this site as a potential student

app li 274x79 1ember, we ...
Donate to King's Dining at King's
King's College is a place in which an education Set on the banks of the River Cam, at the heart
charged with creative and intellectual energy .. of the city of Cambridge, King's provides an ...
Library Calendar
King's College Library has been in continuous King's College, Cambridge. See also; Links;
existence since the foundation of the ... Exhibitions. Throughout the year, the Art ...
Plan Your Visit Leaving a Legacy
King's is occasionally closed to visitors so Legacy giving represents an easy and tax-
please check the opening times calendar ... efficient means of making a future gift to ...
News Choral and Organ Scholars
All the recent news from King's College, from The lower voices of King's College Choir are
the latest cutting-edge research to ... made up entirely of undergraduate singers ...
Ver mais v/

King's College, Cambridge - Wlklpedla Traduzir esta pagina
https://en.wikipedia.org/wiki/King's_College,_Cambridge ~

Figure 3.6: Sitelink of an Enriched Result - taken from Bing

Inspecting a Bing SERP’s source code, it was possible to extract the code of one sitelink, high-
lighted in Figure 3.6, embedded in the first organic result, an enriched result. From the code of
this element we can detect the class that characterizes it deeplink_title, which, after checked for
similarity in other captures that have sitelinks, will be labeling this element during the captures’

scan.

<h3 class="deeplink_title">
<a href="https://www.kings.cam.ac.uk/members-and-friends/support"
h="ID=SERP,5333.1">Donate to King’s</a>
</h3>

Listing 3.1: Sitelink HTML code

The second stage refers to the automated process, that scrapped throughout the entire dataset,
finding elements with their identifiers triggers. When an element is found, the capture’s times-
tamp is stored in a log file that keeps a record of the time of the element’s appearance. Another
function receives the coordinates of the element’s upper-left corner, and its width and height,
and locates the element, generating and saving an image of it in the element’s folder. Due to the
large scale of the dataset, we restricted the image generation to 15 images per month. However,
it is possible to change the approach and skip images generation, just to store all the elements’
timestamps in a file. In this case, no limit of captures per month is needed as the computation

permits a full dataset scan in an acceptable time.
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Figure 3.7: Capturing a specific element using its coordinates and size

Another automation was also applied when each element is found, to coloring interfaces
according to the following element categories, described individually in Section 5.1: Welcome
& identity , Search statistics, Navigation & user inputs, Organic Results, Sponsored Re-
sults, Features.

Following a similar procedure, the list of identifiers allowed to automatically detect and
color targeted areas of the webpage. We used Python, Selenium Webdriver, and BeautifulSoup
to scrape every single HTML capture in colored phases to identify and generate transparency-
colored images. Due to the size of the dataset, we imposed a limit of 15 elements/captures per
month, as we did in the extraction of elements’ images. The end result of each category is an im-
age that overlays all the individual images from single captures. The high level of transparency
will enhance the most common areas at the end while leaving the others almost unnoticeable.
The overlaying process uses the upper-left corner as the reference for image alignment. How-
ever, the navigation & user inputs category includes elements in and next to the footer, but these
common areas were not evident in the result due to how variable the height of the captures can
be. In this case, to reproduce the overlapping of every bottom of the interface, the algorithm had
to consider a height value of N, cropping the results from the initial pixel (original height minus
N) to the lower-left corner (original height), maintaining the original width. Thus, the end result
displayed in Figure 5.2 is trimmed at the middle and should be seen as two separate results, as

Figure 3.8 suggests.

CER

Figure 3.8: Navigation’s footer demanding a bottom-aligned approach
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To end the work with a more detailed contribution, the identifiers used in the detection of
each element are also disclosed, which will be useful for future work on automating this detection
and analysis. As such, a last cycle through all these identifiers was done to document the periods
in which each identifier was associated with a certain element. This way, the identifiers table
will associate each one to each element, having a third domain which is its time interval.

Finally, to entrench an overall analysis, we developed Python programs to scan all the dataset
and generate graphs on interface areas and source codes’ file sizes over time. The results from
each analysis described above are detailed individually, referring to each search engine, and in

comparison when applicable.



Chapter 4

SERP Elements Analysis

In this chapter, we address the evolution of all Search Engine Results Page (SERP) elements.
Each element is addressed individually, and its analysis compares both Google and Bing, when
applicable, and is structured as follows: images - showing some stages of the element’s visual
evolution; definition - stating the element’s purpose; content - describing its composition over
time; design - analysing graphics, text styling and colors; positioning - stating, when applica-
ble, a common location in SERP layout; design patterns - indicating the application of certain
user interface design patterns; interface area - analyzing the evolution of the element’s area;
lifetime - stating the time when the element was found present. Each element has a dedicated
page at: https://bedgarone.github.io/serpevolution/elements.

Although our first appearance dates might be different from the specific dates on which
search engines introduced these features, we expect these not to be considerably different. Be-

sides, our goal is to provide an approximate date for these events.

4.1 Organic Results

Organic results are links and short descriptions related to the most relevant Web pages to the
search. For each query, these results seek to satisfy users’ search intentions. They are ranked
based on relevance only, and the associated snippets are generated computationally through
summarization algorithms [15].

Unlike all other types of results described below, organic results are mandatory elements in
any Search Engine Results Page (SERP). Organic content is retrieved according to the crawling
and indexing process. No one can pay to have a website listed as an organic result. Organic

results are divided in regular and enriched results [49].

4.1.1 Regular Results

Regular results are the SERP basic entries, seen in Figures 4.1 and 4.2.
In Google, the content of regular results started as a basic block of a title, description, URL

links for similar or/and cached pages for the result. The latter leads the user to a capture of the
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result’s source page, snapshotted by Google in the past. In 2013, these links were hidden in a
dropdown, only visible by its arrow icon until now, while the source URL was placed below the
title. From 2018, a link to translate the result was introduced. In 2019, the URL started to be
displayed as a breadcrumb. Bing’s element share almost every deatil, but it didn’t present the
similar option, and it kept the URL’s place, while Google’s one started to appear above the title
from 2020.

As for Google’s design, text styling was always applied in this element to enhance relevant
terms in bold. The dominant colors are blue for title, green for URL, and black for description.
The title was underlined until 2014, one year later for Bing. In 2020, the URL changed its color
to gray, while Bing has kept its green color.

Its positioning is highly variable throughout the results container, for Google and Bing.

In Google, the Breadcrumbs design pattern is applied to this element since 2019. There is
no design pattern applied in Bing.

Interface area was constant during Google’s time range, whereas Bing’s case suggest a
slight increase starting from 2016. In the case of regular results, similar regardless of the engine,

element area may be differentiated because of how long descriptions are before truncation.

Being a mandatory element in SERP, this element is present since the beginning of both

search engines, lasting uninterruptedly until now.

Holisticopia Wyoming M Th vawwi.reddit.com > COronavirus » new

olisticopia: Wyoming Massage Therapy . .

Holisticopia > Massage Therapy > Wyoming, ising | revisi ... Ave (307) 732.2510 Novel Coronavirus (COVID-19) - Reddit

Foxy Léd!!' Salon 1130 S ... Tomington, Banner Health Massage Therapy 625 Albany ... riCoronavirus: In December 2019, a novel coronavirus strain (SARS-CoV-2) emerged

wiww holisticopia. com/aeo NV ina Mass 2+ Therapy.htm - 34k - Cached - Similar pages . -
' T = S92 city of Wuhan, China. This subreddit seeks to monitor the

Figure 4.1: Google’s regular result from 2003 (left) and 2020 (right)

PHP: echo - Manual

Finally, to test that echo is slow; | built strings of XML and XSLT and used the PHP sablotron
functions to do a transformation and return a new string.

php.net/echo - Cached page

Gymnastics Training & Conditioning_- Phil Davies' Sports Fitness ...
www.sport-fitness-advisor. com/gymnastics-training. html

Without doubt, technical ability and preparation is paramount in gymnastics training.
However, technique can only be applied within the boundaries of physical fitness

Spain Tourism 2020: Best of Spain - Tripadvisar

https://www tripadvisor.ca/Tourism-g187427-5pain-Vacations.html

From sun-drenched archipelagos and bustling urban cities to snowcapped mountains and semi-arid
deserts, Spain epitomizes geographical diversity. As the meeting point of the Atlantic Ocean and
Mediterranean Sea, this vast country offers some of Europe’s most dramatic landscapes, as well as
some of its tastiest cuisine. Discover the best of Spain

Figure 4.2: Bing’s regular result from 2011 (top), 2013 (middle) and 2020 (bottom)

Complete information on regular results available at: https://bedgarone.github.io/

serpevolution/elements/regular.
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4.1.2 Enriched Results

Enriched results, seen in Figures 4.3 and 4.4, are organic entries similar to regular ones, with
some elements to enhance the result. These elements improve user experience and give extra
information to the user. Enriched results can have greater visibility and, in turn, a higher click-
rate [49].

In Google, the extra content consisted initially of two sitelink columns, pointing to sub-
pages of the result’s domain. In 2010, each sitelink was enhanced with a short description, and in
2016, a search bar was introduced so that the user could search the result’s website directly from
SERP. Bing’s sitelinks had no short description until 2014. However, from 2019, compared to
Google, Bing’s content has more extra components placed after the sitelinks. These can consist
of a row of cards with image and title, a section with module tabs or a list of trending posts.

Design is coherent to Regular Results in both engines: in 2015, titles were no longer under-
lined. In 2020, Google’s source URL also changed its color to gray and placed above the title.

In both cases, its positioning is consistently at the top of the results container.

In Google, the Breadcrumbs design pattern is applied to this element since 2019. In Bing, the
Cards and Thumbnail design patterns are applied since 2019, whereas Module Tabs since 2020.

Google’s case shows a constant area growth over time, with a considerable increase in 2014,
when short descriptions where included. Bing presents a greater growth due to a higher com-
pleteness of this element nowadays.

The enriched results appeared for the first time in Google in 2008, continuing in 2009 and
from 2012 to 2020. In Bing, it was present in 2010, 2014, 2015 and from 2017 to 2020.

Recent Earthquakes in California and Nevada - Index Map en.wikipedia.org » wiki > Coronavirus -
Includes an index map and zoom views, with location and magnitude information. Updated . L .
hourly. " o " Coronavirus - Wikipedia
quake.usgs.gov/recenteqs/ - 11k - Cached - Similar pages Coronaviruses are a group of related viruses that cause diseases in mammals and birds. In
Earthquake list Recent Earthquakes for 115-34 humans, corenaviruses cause respiratory tract infections that can
Real-time Earthquake Maps  FAQs
Los Angeles Disclaimer Family: Coronaviridae ~ Subfamily: Orthocoronavirinae
2-dsgree map Big earthquake list Phylum’ incertae sedis

More results from usas aov »

2019-20 coronavirus pandemic  Severe acute respiratory ...

The 2019-20 coronavirus Pangolin - Sunda pangolin - Novel
pandemic is an ongoing coronavirus - Basigin - ...
Coronavirus disease 2019 Coronaviridae

Coronavirus disease 2019 Coronaviridae is a family of
(COVID-19) is an infectious enveloped, positive-sense
disease

More results from wikipedia.org »

Figure 4.3: Google’s enriched result from 2009 (left) and 2020 (right)
i Novel Coranavirus
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reddit. cominCoronavinus

: Blus Ridge Communicaticns N
Cuntact U Aboul Us. Site lndas
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Figure 4.4: Bing’s enriched result from 2010 (left), 2017 (center) and 2020 (right)
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Complete information on enriched results available at: https://bedgarone.github.io/

serpevolution/elements/enriched.

4.2 Sponsored Results

Sponsored results are short advertisements arranged alongside organic results, distinguished
by a specific tag. These entries are more focused on commercial intent, combining relevance
with revenue, and are usually manually crafted, a standard in the advertisement industry [15].
Sponsored results are a constant element in Search Engine Results Pages (SERP), being the most
significant source of income for search engines [20]. These are presented in textual form or in a

shopping carousel, with the addition of enriching elements, with images and reviews [38].

4.2.1 Textual Ads

Textual ads, seen in Figures 4.5 and 4.6, are counterparts of Regular Results, dedicated to spon-
sored content and are present in SERP since the very first day. Some ads placed in the right

sidebar are shortened in width.

The content of this element and its evolution is identical to regular results, but marked
initially with the tag ‘Sponsored link” for Google and ‘Sponsored sites’ for Bing. From 2012, and
one year later for Bing, some of the results would present, when applicable, simpler and less
noticeable sitelinks than Enriched results. In 2020, some ads could have the shape of an actual

Enriched result.

In early versions, regarding design until 2014, in both engines it would have a different back-
ground color to better distinguish the element from organic results. Scarce Google occurrences in
2017 also had a colored background. In 2014, the tag ’Ad’ substituted the previous one. In Google,
this tag began with a yellow background color, while from 2016, it was green. Contrarily, Bing’s
tag was always gray. Google’s source URL also changed its color to gray and its positioning to

above the title, as usual.

In both cases, textual ads’ positioning is common at the top of the results container, at the

bottom of the results container and at the top of the right sidebar.
No design patterns are applied to this element in both engines.

Textual ads have had a constant area size over time in Google’s case, having increased slightly
in 2012, before stabilizing. Contrarily, Bing’s textual ads show considerable increase in area
beginning in 2019.

In both engines, this element is present since the beginning, being constantly present until

2020, with scarce exceptions in Google in its early years.
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Ferrari - Find Cars, Trucks, Auto Parts & More Sponsored Link
www.eBay.com  ebay Motors - Buy or Sell All Types of Viehicles

Spiderman - Buy Movies and More on eBay Sponsored Link
wuw.eBay.com  DVD - VHS - Movie Memorabilia & More!

Ad - www.directrelief.org/covid19 = (805) 475-3834

Top Local Doctors - Search By Your ZIP & Insurance X \
Coronavirus News & Updates - Support Frontline Nurses

wwiw.zocdoc.com/ ~

45 rating for zocdoc.com Direct Relief Is Working In Overdrive. Equipping Healthcare Workers With Protective Gear.
Book Appointments 24/7 - Free | N

Free To Book - No Phone Calls Required Direct Relief Responding To Covid-19 In The U.S. With Support To Healthcare Professionals.
ZocDoc has 297 336 followers on Google+ Transparent. Non-governmental. Nonpartisan. Effective. Apolitical. Trusted. Nonsectarian.
Search By ZIP - Search By Gender - Doctors Who Take Medicare Coronavirus Pandemic - Direct Relief News - Issues & Solutions - Emergency Response

Figure 4.5: Google’s textual ads from 2002 (top), 2014 (left) and 2020 (right)

Manga Flights - www FlightCentre_com_au EETTEETE EES

Find A Cheaper Available Price. Flight Centre Will Beat It.
Magna - Drive - www drive com au
Find the car you want on Drive - Magna - here

Comic - www.ebay.com.au/comicbooks
Bargain comic here. Bid & win comic on eBay Australia.

Amazon Streaming | Signup for a Free Trial | 30-Day Risk Free
https:/fwww.amazon_com/try-prime-video @ Site secured by Norton
Ad Watch Movies & Shows from Anywhere. Signup for 30-Day Free Triall

Background Profile Found - Scott Wolf | mylife.com
hittps-/www.mylife.com
Ad Report includes: Contact Info, Address, Photos, Court Records & Reviews

People Search Who's Searching for You?®
Get Contact Info & Check Background Enter Your Name to Be Surprised
Addresses, Phone, Email & Photos See Friends. Employers. & Stalkers

Figure 4.6: Bing’s textual ads from 2010 (top), 2018 (middle) and 2020 (bottom)

Complete information on textual ads available at: https://bedgarone.github.io/serpevolution/

elements/textualads.

4.2.2 Shopping Ads

The other type of ads, only found in Google and seen in Figure 4.7 - bottom, correspond to
shopping content and are therefore called shopping ads. These can occur at the top or top-right
of the SERP and are activated when the query is intended to be commercial [49]. These are
very striking results, listing various information about each product (name, store, price, ratings,
offers).

Shopping ads used to be exclusive of the right sidebar, where content consisted of displaying
one to four results in a matrix. In 2018, each result was embedded in an individual card. In 2020,
this element started to appear in the results container, with more width and less height, in a

carousel of cards.
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Figure 4.7: Google’s shopping ads from 2013 (left), 2019 (center) and 2020 (right)

As for design, text styling was used until 2019 to enhance relevant words in bold. From 2020,

the source’s URL changed its color from green to gray, as usual.

Its positioning is usually at the top of the results container and, more frequently, at the right

sidebar.

The Cards design pattern is applied to this element since 2019 and the Carousel since 2020.

The Thumbnail design pattern is applied here since the element’s beginning.

The element’s area was constant until a recent increase since being recently displayed hori-

zontally in a carousel.
The shopping ads appeared for the first time in 2013, lasting until now.

Complete information on shopping ads available at: https://bedgarone.github.io/serpevolution/

elements/shoppingads.

4.3 Features

The interfaces have become more and more sophisticated, with the introduction of new elements,
capable of making the user’s search experience more direct and intuitive. In general, SERP were
made up of organic results and advertising. In the second decade, articles such as Peter Mey-
ers’ [36] in 2013, begin to document a third category, features in Search Engine Results Pages.
SERP features complement organic and sponsored results, and emerged because people process
graphical information more easily [26]. New features include custom and synthesized content
that attract the focus from the top rank organic results, attempting to provide answers to the

query without just pointing to websites that might deliver that information.

Rosu [49] reinforces Google’s effort to launch this type of features whenever it is possible to
give the desired information the user without him leaving the SERP. Google, and other search

engines, do it according to various features, which we now analyse.
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4.3.1 Featured Snippets

Featured Snippets, seen in Figures 4.8 and 4.9, are answer boxes in which Google responds to a
question-related query based on information taken from a page [75]. An algorithm determines
the page that contains the most relevant information, returning a summary answer in the form

of a paragraph, list, or table [38]. A video may also accompany it.

Content was initially made of a short paragraph with answering information for google. It
evolved to a general layout, used until now, consisting of a larger paragraph, a thumbnail at the
upper-right corner, and the title and link to the information’s source, to where it is possible to
navigate. The answer started also to be returned in the form of an ordered list or table. Bing
launched a simpler version of this layout with paragraph and source, only. In Google, instead of
an image, a video or a carousel of images may also accompany it. In 2018, when possible, the
date of the source’s publication was introduced after the information paragraph. In Bing, from
2020, the paragraph is just one of the options, as the content can now be displayed in a bullet list

or accompanied by a carousel of images.

As for design, Google’s element removed the underlined title in 2017 and changed the green
URL to a gray breadcrumb URL in 2020, in accordance to the organic and sponsored results
design. In Google and Bing, text styling is used in both paragraph and title, enhancing relevant

words in bold.
In both engines, its positioning is consistently at the top of the results container.

In Google, the Thumbnail design pattern is applied to this element since 2016. In Bing, the

Carousel and Thumbnail design patterns are applied to this element since 2020.

Google’s Featured Snippets have a constant and smooth increase in area size over time, while

Bing’s increase occurs later in recent years.

Featured Snippets appeared for the first time in Google in 2016, and one year later in Bing,

lasting until now.

Kourtney Kardashian and Scott Disick were partners for 9 years (until 2015).
Kourtney Kardashian produced and Scott Disick appears on Keeping Up with the
Kardashians.

Closing ceremony to celebrate Brazil 2014 in
style. Before the 2014 FIFA World Cup™ Final
gets underway at the Maracana in Rio de
Janeiro on Sunday, a special closing ceremony
involving around 1,000 people will celebrate the g
greatest values of the globe's most popular
sport as the tournament nears its unmissable
climax ...

Space architecture, in its simplest definition, is the theory and practice of designing
and building inhabited environments in outer space. ... Space architecture borrows
from multiple forms of niche architecture to accomplish the task of ensuring human
2014-in-style-2404018_htrml beings can live and work in space.

Closing ceremony to celebrate Brazil 2014 in style - FIFA.com
www.fifa.com/worldcup/...2014/. ./news=closing-ceremony-to-celebrate-brazil-

en.wikipedia.org > wiki » Space_architecture ~
Space architecture - Wikipedia

Figure 4.8: Google’s Featured Snippets from 2016 (top), 2017 (left) and 2020 (right)
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Basic protective measures against the new coronavirus.
« Wash your hands frequently. Regularly and thoroughly clean your hands with an

The Scottish Parliament has authorised the Scottish Government alcoholbased hand rub or wash them with soap and water, Why

to seek to hold a second referendum on Scottish independence.
Scotland is one of the four countries of the United Kingdom (UK).
It has representation in the UK Parliament and the devolved « Avoid touching eyes, nose and mouth.
Scottish Parliament has control over some internal matters.

« Maintain social distancing

« Practice respiratory hygiene.

Foxes and Fossils is a registered trademark owned by Timothy P. Purcell.
enuikipedia.orghuiki/Proposed_second_Scottish_independence_teferendum Due to COVID-19, Our fulfillment times will be longer than usual for all

Proposed second Scottish independence referendum - ... « If you have fever, cough and difficulty breathing, seek medical care early.

Mors iems apparel merchandise, and may continue to increase until things get back to
normal.

Coronavirus disease (COVID-19) advice for the public
www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public Shop | Foxes and Fossils ®
I foxesandfossils.com/shop/

Figure 4.9: Bing’s Featured Snippets from 2017 (left) and 2020 (center and right)

Complete information on featured snippets available at: https://bedgarone.github.io/

serpevolution/elements/fsnippets.

4.3.2 Direct Answer Results

Direct Answer Results, exclusive to Google and seen in Figure 4.10, are instant answers with short
and direct information to answer the user’s question at the beginning of the SERP. It is considered
public domain information, without credit to a particular source [49]. These answers can take
different forms, such as date, weather, flights, sports scores, and results, scholarship, among
many others. Some of these cases also allow interaction with the user, such as currency/unit
conversion, translator, or calculator.

Being a recent element, with less than three years live, changes are slight. The basic content
structure is a breadcrumb with categories and a row with a few words, the answer, but a thumb-
nail is normally present. In 2020, a timestamp of the information was introduced in this row. A
second row at the bottom can be dedicated to a paragraph with complementary information, or
to ‘People also search’ suggestions, each made of a smaller thumbnail, a hyperlinked title, and
possibly a timestamp.

Design and area didn’t change over time.

Its positioning is always at the top of the results container.

The Breadcrumbs and Thumbnail design patterns are applied to this element since it’s be-
ginning.

This element appeared for the first time in 2018, lasting until now.

Amazon.com / Founder

Jeff Bezos

Jefrey Preston Bezos is an American technology entrepreneur, investor, and philanthropist. He is best
known as the founder, chairman, and chief executive officer of Amazon. Bezos was born in Albuquerque,
New Mexico and raised in Houston, Texas. Wikipedia

Figure 4.10: Google’s Direct Answer result from 2018
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Complete information on direct answer results available at: https://bedgarone.github.

io/serpevolution/elements/directanswer.

4.3.3 Knowledge Panel

The Knowledge Panel, seen in Figures 4.11 and 4.12, is a dynamic feature that provides direct
information in various formats within the same panel, pointing to related content [49]. For
Sullivan [16], this is an easily recognized tool designed to help the user quickly understand a

particular subject, facilitating a more in-depth search.

Content in Google’s case consists of a panel with a top thumbnail of the subject, vertically
followed by a title, website link if applicable, a resume paragraph normally by Wikipedia, a struc-
tured list of direct informations and a block of People also search for. During the following years,
extra content was being introduced dynamically and highly dependant on the subject associ-
ated, such as Module Tabs, related people, CD albums, trophies, and huge variety of possibilities,
proving the high variability from topic to topic. Bing’s knowledge panel is highly similar to the
Google’s one, consisting of a panel with a top thumbnail of the subject, vertically followed by a
title, some times a resume paragraph by Wikipedia, and a structured list of direct information,
which can also be followed by dynamic and variable possibilities, in which Bing seems to include

timelines whenever is possible.

The design of Google’s element was stable over time, being released when Google had al-
ready abandoned the old and blueish lines of design. Text styling was always applied in this

element, to enhance in bold categorizing terms. Contrarily, in Bing, text styling was not applied.
Its positioning is always at the right sidebar in both engines.

The Grid of Equals and Thumbnail design patterns are applied to this element since its
beginning. The Cards, Carousel and Module Tabs design patterns were found applied to this

element in 2018.

In both engines, the occupied area was constant from the beginning until 2018. The last two
years enforced a sharp growth, effortlessly justified by longer panels nowadays, whose elements

are increasingly variable and personalized.

The Knowledge Panel appeared for the first time in 2014 and one year later in Bing. It con-

tinued to be present in every single year since then.

Complete information on the knowledge panel available at: https://bedgarone.github.

io/serpevolution/elements/kpanel.
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The Cable News Network is
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owned by the Tumer Broadcasting System
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Figure 4.11: Google’s Knowledge Panel from 2016 (left) and 2018 (right)

Watch Trailer

Harry Potter and the
Order of the Phoenix
2007 - 2hr 18min - Fantasy
IMDb 7510
Rotten Tomatoes 9%

With their warning about Lord Voldemort's
return scoffed at, Harry and Dumbledore are
targeted by the Wizard authorities as an
authoritarian bureaucrat slowly seizes
power at Hogwarts.

Wikipedia IMDb.

Release date: Jul 08, 2007 (United States)
Director: David Yates

Estimated budget: $150 milion USD
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Prince

Prequel: Harry Potter and the Goblet of
Fire
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Adele’s former trainer responds to criticisms on
- singer's weight loss
ff 097052020 - YAHOO! and 17 more

See more

Listen or buy

Spotify
Play

Figure 4.12: Bing’s Knowledge Panel from 2016 (left) and 2020 (right)

4.3.4 Local Pack

The Local Pack, seen in Figures 4.13 and 4.14, is activated when the query is geographical, in-

cluding the main related results from a map application [38].

In Google, the basic content structure consists of a title relating a map to the search query and

a list of locations in a near location. Each result is embedded in a map preview, with its location,

and relevant information. This information started to be the title, website, phone number and
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a link to reviews. In 2013, a description, the complete location and the similar & cached links,
like organic results, were added. In 2016, options to filter results by rating and schedule were
introduced. Each result started to state if the place is open or closed, and had also buttons for
the place’s website or to get its directions, while in 2019, when applicable, a thumbnail image
substituted those buttons. When focused on experience locations, like restaurants and hotels, it
lists information about prices and testimonials. Although introducing an identical layout from
2020, where each row has two action buttons, one for visiting the respective place’s website, and
another for travelling to the location, Bing’s initial structure was simple. It used, in partnership
with TomTom, the image-map generator (which receives a position, area and language) to return
an image of the respective map. Three links were presented, one to view a larger map, and two

others to travel to and from the destination, all at bing.com/maps.

In terms of design, Google’s map was initially a small image at the left of the results list.
The image was later enlarged to full width and, in 2016, it changed from a static image to an
embedded Google Maps instance, like later in Bing’s case. Before 2016, text styling was always
used in each suggestion to enhance relevant words in bold. From 2016, the Google’s blueish usual
design, full of borders and underlines, changed to softer and cleaner lines, as stated in the other
elements. Text coloring is applied to both cases whenever showing information regarding its

state of opening, using a gradient of colors to represent a closed, closing soon or a opened place.

Its positioning is highly variable throughout the results container, with tendency to be in

the visible area or, in Bing’s case, between the visible and scrolling areas.

The Thumbnail design pattern is applied to Bing’s element since 2020, although it is not

guaranteed that thumbnails accompany the results every time.
In both engines, the Local Pack constantly increased its area from the beginning until 2020.
The Local Pack was present for the first time in 2009, in Google, and scarcely before, when

starting to appear frequently from 2018. There are presences of Bing’s Local Pack in 2014 and
2020.
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© tumpt AgpePremium
Retaler (3rampton)

Toronto
27O rpu sis

Computer Star - Apple. 7
Guelph e e, -

Oakville

(206) 265-3646 - 36 e
-(208) 7261717 - 42 reiews
n- (206) 633-3800 - 31 reicus
06) 726-1717 - 25 seiews
«com - (206) 633-5317 -

(206) 3229411 - 61 reviows
- (206) 7815225 -

com - (206) 547-3663 -

(206) 285-8646 - 25 revic

. Includes past results and Jump+ Apple Premium Retailer (Brampton)
. o o
mation .. 5 267) - Elacironics sio =

Brampto da

2 reviews

Figure 4.13: Google’s Local Pack from 2009 (left), 2013 (center) and 2020 (right)
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Figure 4.14: Bing’s Local Pack from 2014 (left) and 2020 (right)

Complete information on the local pack available at: https://bedgarone.github.io/

serpevolution/elements/localpack.

4.3.5 Image Pack

The Image Pack, seen in Figures 4.15 and 4.16, presents a set of images taken from various sources
and launched when the search would have better results when accompanied by visual content
[75]. The user is redirected to the search engine’s images section when clicking on ’'See all’
similar buttons.

During most of the time, the content was a title associating images with the search query
and a block of image thumbnails. Google included in 2014 a link for ‘more images’, which was
always present in Bing’s case, and a link to report images. In 2019, and one year later in Bing,
a major change was introduced, consisting of a categories bar, a horizontal row of image and
query related category buttons.

Google’s design started with a considerable presence of blue colors, typical in Google’s early
interfaces, when images had a blue border. In 2014 this border was removed, the layout of a matrix
appeared for the first time in 2018, but the main change was in 2019, where images started to
be presented in a carousel. In 2020 the title, as usual in most Google elements, turned gray.
The categories carousel changed its shape to a line that expands to a matrix according to the
responsive disclosure pattern. As for Bing, in 2017, the underlined text was removed, and in
2019 bold text styling was removed while images also started to be displayed in a carousel.

In both engines, its positioning is highly variable throughout the results container.

In Google, the Grid of Equals design pattern is applied to this element since 2018, while
Thumbnail, naturally, since its beginning. In Bing, the Thumbnail and Grid of Equals design
patterns are applied since its beginning. In both cases, the Carousel is applied since 2019.

In both cases, the Image Pack area increased in 2019 and 2020 after the start of displaying

images in carousel and, some times, in matrix.
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This element appeared in Google SERP for the first time in 2006, but only after 2010 it started
to appear frequently, lasting until now. In Bing SERP, it started to appear in 2015, continuing until
2020.

Images for Paris weather

paris france weather forecast climate temperature eiffel tower average rainfall

Images for "complex event processing™
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Figure 4.15: Google’s Image Pack from 2010 (left) and 2020 (right)

Images of france Images of CNN
bing.com/images

bing com/images

See all images >

Figure 4.16: Bing’s Image Pack from 2015 (left) and 2020 (right)

Complete information on the image pack available at: https://bedgarone.github.io/

serpevolution/elements/imagepack.

4.3.6 Video Pack

The Video Pack, seen in Figures 4.17 and 4.18, is a similar feature to the Image Pack, featuring
content from video platforms like YouTube. This pack has also been documented in the form of
a carousel [75, 49].

The content, in Google, was initially made of a title associating videos with the search query
and a block of two videos, each accompanied by a thumbnail, title, timestamp, description and
URL, while Bing’s first layouts included more entries. In 2011, Google changed the structure
to a vertical list of three videos, containing the same information except the description. In
2015, the principal layout, lasting until 2020, was introduced, while three or more videos were
displayed individually in a carousel of cards. In the thumbnail, the video duration was included,
as well as the account name in the card’s body. The element’s title is just “Videos’ since then.
Bing’s structure is very similar, substituting a previous video resolution badge with the number
of views, above the source. In middle 2020, Google’s layout returned back to showing videos
in a vertical list, similarly to 2011, instead of a carousel. There is a button linking the user to a

different page with other videos.
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In Google’s design, text styling was used in Google until 2011 to enhance relevant terms in
bold. This latter version had, as seen in other elements, a color scheme fulfilled with blue, while
the thumbnail had a solid blue border. The underlined links, typical in early interfaces, gave
place to cleaner links without underline and only the video’s title maintained the blue color. In
Bing, the initial design was original, with creased square shapes, while the current one is clearly

influenced by Google.
In both cases, its positioning is highly variable throughout the results container.

The Carousel design pattern is applied to this element since 2015, while Thumbnail since

its beginning in both cases. The Cards pattern is present since 2015 in Google and 2019 in Bing.

The area of Video Packs were constant over time, having increased smoothly in the two last

year, mainly in Bing.

This element was present in Google for the first time in 2010, lasting until now, except from

2012 to 2014. Bing introduced it in 2014, lasting until now.

Complete information on the video pack available at: https://bedgarone.github.io/

serpevolution/elements/videopack.

\ideos for %1

You Suck at Photoshop - #1:
Distort, Warp ...

4 min - Dec 21, 2007
Uploaded by MyDamnChannel
youtube.com

T o -a@=| David Blaine Street Magic:
» YouTube Edition!
5 min - Oct 12, 2006
Uploaded by ThoseLilRabbits

youtube.com

OFFICIAL i

- Yol
TRAILER ‘LB ; J L5REE
i, B 2is) = . — /|
Space Force | Official Space Force | Official Best Burns | Space
Trailer | Netflix Teaser | Netflix Force | Netflix
Netflix Netflix Netflix
YouTube - May 19, 2020 YouTube - May 5, 2020 YouTube - Jun 26, 2020

Figure 4.17: Google’s Video Pack from 2010 (top) and 2020 (bottom)
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Videos of france
bing.comfvideos

PARIS | FRANCE Nice, France - Eiffel Tower - Air France Plane
-A 1080HD Trave... Paris, France Crash M.__.

See more videos of france

Videos of Spacemind
bing.com/fvideos

Spacemind - Forgotten Spacemind - Hidden Spacemind - Paradise
Station (Original Mix} Knowledge Sequence
45K views 67K views 35K views
YouTube - 2 years ago YouTube - 4 years ago YouTube - 3 years ago

See more videos of Spacemind

Figure 4.18: Google’s Video Pack from 2015 (left) and 2019 (right)

4.3.7 Top Stories

The Top Stories, seen in Figures 4.19 and 4.20, are blocks of three or more news considered
relevant to the query, placed in the form of a carousel [49]. By clicking ‘View all’, or similar

buttons, the user is redirected to the news section of the search engine.

The element’s content started with a vertical list of four or less news titles, each followed
by the source’s name and how long ago it was published. In 2006, a journal icon was placed
at the left of the list and a link to ‘today’s top stories’ was introduced. In 2013, the icon was
substituted by a thumbnail for the first news result, being that the most important news in the
element. The latter was complemented with an extract of the news, while the rest stayed the
same. In 2020, the graphics was majorly altered to display the results in a carousel of cards.
However, the content was simplified to only present, for each result, a thumbnail, title, source
and how long ago it was published. In Bing’s case, the element is currently more sophisticated.
In 2010 it emphasized the first news item, including a brief description of the content. In 2014,
this top position started to include a thumbnail when possible, which carried over to all items in
2017. From 2020, three layouts were introduced. A shorter format, with a horizontal list of three
cards, each accompanied by image, title, source and time of update. Another layout presents a
highlight to a main news, in a horizontal card that occupies the entire width, followed by a block
with three other news items as in the previous layout and, below them, a block of cards with
Quotes related to the theme. Each quote indicates the person, their role, what they said, and the
source of the news. The third layout is identical to this one, changing the quote block with an

opinion block, with each opinion being a regular news card.
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As for Google’s design, as usual, color scheme was mainly blueish and fulfilled of blue bor-
ders and underlines. These were removed after 2020 with the softer gray colors for additional
information but still blue titles. Bing’s design, however, was always similar to Google’s Top
Stories.

Its positioning is mainly in the Google’s visible area, while in Bing it is highly variable
throughout the results container.

In both cases, the News Stream design pattern is applied to this element since its beginning.
However, in this element, relation to the query appears to be more relevant than publication time
since it is no longer possible to observe any chronological order. The Thumbnail design pattern
is applied to this element since 2012 in Google and 2017 in Bing, while Cards and Carousel since
2020 in Google.

The area of this element increased considerably after the transition to the cards, in 2020. In
Bing’s case, this increase is bigger than Google’s due to the size of the extra content elements
already described.

This element appeared for the first time in Google in 2004, but only after 2011 it started
to appear frequently, lasting until now. In Bing, it was found in 2010, 2014 and 2017 before a

considerable presence in 2020.

= Top stories

News results for "american idol" - View today's top stories

“Idol' Winner Hicks Sues Former Producer - Washington Post - 9 hours ago
IdolFinalist OK After Vegas Robbery - FOX News - 14 hours ago

Life after “Idol’ - MLive.com - 19 hours ago

B cNN.com The New York Times @CHSNEWS

News for facebook >
Facebook $30_Ahead of Q4 Eamings Election results 2020 Live Trump vs Biden Pennsylvania 2020
Wall Street Journal (blog) - 1 hour ago - 239 related articles » Live news on Trump, Tracker: Presidential election results
Shares of Facebook Inc. breached the $30 mark on Wednesday, the first Biden and electoral Election

" A A time in six months_ votes
CEC. :; As Facebook shares hit $30. ETFs with holdings gain i i X
MarketWatch (blog) - 2 hours ago - 2 related articles » 10 mins ago 24 mins ago 19 mins ago
Eacebook rolling_out Timeline changes. including redesign
Chicago Tribune - 8 hours ago - 28 related articles » £ >
-2 View all

Figure 4.19: Google’s Top Stories from 2006 (left-top), 2013 (left-bottom) and 2020 (right)
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Nol

See more news about Scotland

Coronavirus live updates: Your Wednesday Briefing Wisconsin Holds Primary
Boris Johnson remains in Election Despite

ICU; Anthony Fauci sees Coronavirus Pandemic
USAToday - 3d New York Times - 24 Wall Street Journal - 2d

See more news about Coronairus Update Wisconsin

Figure 4.20: Bing’s Top Stories from 2017 (left) and 2020 (center and right)

Complete information on top stories available at: https://bedgarone.github.io/serpevolution/

elements/topstories.
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4.3.8 Carousel

A Carousel, seen in Figures 4.21 and 4.22, is a line of several cards, accompanied by a name
and highlighting an image, which presents related results at the top of the SERP that are part
of the same category (such as discs or personalities). It is possible to scroll through more cards
without leaving the SERP. In addition to presenting brief information directly, and sometimes in
an orderly manner, Moran and Goray [38] point that this also serves as a navigation tool, since

each card takes the user to the result’s respective SERP.

Initially, in Google, it had a dark gray background and each result was based of a squared
image, a title, and a subtitle, when applicable. Categories were figuring as a breadcrumb at the
top. The content maintained over time, while the design changed in 2017, with a brighter back-
ground and an individual card for each result. The same background color contrast happened in
Bing. The first example, despite being sparsely populated, exemplifies a horizontal line of items
with image, title and brief pertinent information. In 2020, each card’s content was improved. Fig-
ure 4.22’s second example shows a list of schools, representing one of many dynamic possibilities

for structuring content, with the school name, type, address and even a rating if applicable.

In both engines, its positioning is always below the search query bar and above the results

container, filling the entire width.

The Carousel, and Thumbnail design patterns are applied to this element since its beginning,
while Cards since 2016 in Google and 2020 in Bing. The Breadcrumbs pattern was also applied in

Google since the element’s beginning.

Considering the scarce appearances of this element in the dataset, it is possible to conclude
that the area was constant over time in Google, while in Bing it suggests that it can vary accord-

ing to the height of the items’ cards.

Google’s Carousel appeared for the first time in 2015, lasting until 2018 in the dataset, al-
though it is still present today [49]. In Bing, it was found twice in the dataser, in 2017 and 2020.

Franz Ferdinand / Andra soker aven efter / Sophie

Gavilo Princip ~ Sophie von Chotek ¢ Vihelm i av
vaka Tyskland

Axios > News organizations > Fox News

= ' l Y \"’ @( ]I }L 1’
i \ ‘ ADQATE G NEWS - uzzFee 4 Bloombe > oP
CC[NNI NBC NE‘S Foumco @ |\S|Bc . 9 NEWLS "

CNN NBC News Politico Fox News ABC News MSNBC BuzzFeed CBS News Bloomberg ProPubli

Figure 4.21: Google’s Carousel from 2016 (top) and 2018 (bottom)
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Figure 4.22: Bing’s Carousel from 2017 (top) and 2020 (bottom)

Complete information on the carousel available at: https://bedgarone.github.io/serpevolution/

elements/carousel.

4.3.9 Carousel Grid

The Carousel Grid, exclusive to Google and seen in Figure 4.23, is a Carousel displaying content
in a matrix of cards instead of a line, positioned at the same place. In this case, the cards are sim-
pler and smaller to avoid increasing the element’s height in excess. Results could be accompanied
with a thumbnail, but the same decision was applied to every result.

The design is related to the Carousel from 2017 and no evolution was noticed over time.

Its positioning is always below the search query bar and above the results container, filling
the entire width.

The Breadcrumbs, Carousel and Grid of Equals design patterns are applied to this element
since its beginning.

The area was irregular over time, because its height was dependant on the number of grid
lines.

This element appeared for the first time in 2017, except for 2019.

Scott
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Figure 4.23: Google’s Carousel Grid from 2018 (top) and 2020 (bottom)

Complete information on the carousel grid available at: https://bedgarone.github.io/

serpevolution/elements/carouselgrid.
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4.3.10 People Also Ask

People Also Asked, seen in Figures 4.24 and 4.25, is an accordion of some questions suggested
by the search engine and which are related to the search query [75]. Each expanded element
features a featured snippet answering the element’s question, complementing the information
with the link from where the excerpt is taken [38].

In terms of content, no changes can be noticed, as the element has kept its shape, four
accordion questions, untouchable over time.

In 2019, a soft design change was made to improve readability, by making text padding larger
and, therefore, increasing the distance between text and borders. Bing’s element is completely
influenced by the Google’s one, as the only noticeable difference is the text styling of the elements
title, in uppercase and in a different color.

In both engines, its positioning is highly variable throughout the results container.

The Accordion design pattern is applied in Google and Bing since the element’s beginning,
freeing up space and allowing the user to access the content only if interested in the answer to
the suggested question.

Bing’s element show a clear consistency in area size due to the small element lifetime.
Google’s element had a slight increase in area after the mentioned changes in spacing in 2019.

In Google, it was present since 2014, lasting until now, and was introduced by Bing a half
decade later, in 2020.

People also ask

Why do my scones not rise? v
Do scones have eggs? v
Can scones be made ahead of time? v
How do you make Mary Berry Scones? v

Figure 4.24: Google’s People Also Ask from 2019

PECPLE ALSO ASK

What to know before traveling to ltaly? ~
How safe is traveling in Italy? ~
What are the Must See Places in Italy? ~
What are the most beautiful places in Italy? ~

Feedback

Figure 4.25: Bing’s People Also Ask from 2020

Complete information on people also ask available at: https://bedgarone.github.io/

serpevolution/elements/pplalsoask.
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4.3.11 Related Searches

Related Searches, seen in Figures 4.26 and 4.27, are a common element on SERP from a very
early stage and offer suggestions for related searches, usually through the suggestion of similar

queries. Each link takes the user to the respective SERP.

Content was diversified just in terms of how many suggestions would appear and what
would be its layout. Each suggestion of search is a hyperlinked title, pointing to its respective
SERP. Initially, in Google, it was organized in a matrix of columns. In 2011 this schema was
reduced to two columns, but for suggestions with longer text, it could be displayed in just one
column, a list. In Bing, when the element was in the sidebar, the options were listed in a single
column, but after moving to the results container, in 2014, options appeared in two columns. In

2020, the schema was reduced again to a single column.

As for design, text styling was always used in Google in each suggestion to enhance relevant
words in bold, while in Bing this started in 2013. In Google, until mid 2020, suggestions were
blue and, until 2014, underlined. A search icon was applied to each entry in 2020. Later, a new
version changed the graphics, making each entry a button, with solid gray background, search
icon and title in black. In Bing, after the appearance of options in two columns and underlined
in 2014, the shape of the element would be similar until 2019, where items became more spaced
for better reading. Although some captures present it before, it is in 2020 that the list is resumed

in a single column, keeping the previous spacing.

In Google, the element’s positioning was always at the bottom of the results container, while

in Bing it was in the left sidebar until 2014, and then at the bottom of the results container.
There is no design pattern applied in both engines.

Related Searches area increased constantly in both engines over time. This growth is due to
the options spacing that tended to enlarge, while on Google the appearance of icons and colored

backgrounds enforced even more this increase.

This element appeared for the first time in Google in 2008, lasting until now, except for 2010.

In Bing, it was present since the beginning, except for 2011.

Searches related to: "logo design™ Related searches
online logo design design your own logo logo design tips logo design ideas
Q who was prince henry the Q what did prince henry
navigator discover
. . prince henry the navigator how did prince henry the
Searches related to amazon diversity A tchool Q navigator die
amazon diversity officer amazon black employee network 5 5
3 prince henry the navigator fun
amazon diversity 2016 amazon workforce login Q prncehensvilbelnavgaioniacts = facts
amazon diversity report 2016 amazon supplier diversity program

Q prince henry the navigator Q prince henry the navigator

amazon supplier diversity registration amazon workforce phone number accomplishments timeline

Figure 4.26: Google’s Related Searches from 2008 (left - top), 2017 (left - bottom) and 2020 (right)
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Related searches for Fox Broadcasting Company
fox broadcasting company tv shows

fox streaming

fox tv network

fox tv channel

fox tv show

fox tv schedule

Figure 4.27: Bing’s Related Searches from 2010 (left), 2017 (center) and 2020 (right)

Complete information on related searches available at: https://bedgarone.github.io/

serpevolution/elements/relatedsearches.

4.3.12 Twitter Pack

The Twitter Pack, seen in Figures 4.28 and 4.29, presents recent tweets related to the search query.

The initial structure for content in Google was a header with the twitter account username
and the account URL, followed by two recent results. Each result could be accompanied by a

thumbnail and included the tweet, how long ago it was published and a link to the tweet’s page.

https:/fwitter. com/adelegoldberg1

CNN (@CNN]) | Twitter
hitps:#/twitter. com/CNN

17 mins ago - View on Twitter

Do voters have the right to
know presidential
candidates’ health
histories? cnn it 1IROu4Kk
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https://twitter.com/FoxNews W

.@Sen_JoeManchin: We're all
going to lose if we don't fix
ObamaCare

www . foxnews.comy/transcr.
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#FoxNewsSunday
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4 mins ago - Twitter
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:‘ﬁ‘ T @realdonaldirump is
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Elman @cogsci_soc
@jenny_saffran

Twitter - 3 hours ago

@CaroRowland! @
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Twitter - 4 hours ago Twitter - 2 days ago
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Figure 4.28: Google’s Twitter pack from from 2015 (left - top), 2018 (left - bottom) and 2020 (right)
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Figure 4.29: Bing’s Twitter Pack from 2019
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In 2017, tweets started to be three or more, in a carousel, and its design was improved,
displaying items in individual cards, without showing an image. In 2020, the structure still main-
tained but the thumbnail for each tweet returned. However, Bing’s element appears once in the
dataset, thus, positioning and area evolution are not referred. It displays the person’s name,
Twitter username, link to profile, rounded number of followers, and a row of three cards with
recent tweets.

Its positioning is highly variable throughout the results container.

In Google, the Cards and Carousel design patterns are applied to this element since 2017,
while Thumbnail since its beginning. In Bing, the Cards pattern is applied.

Google’s element increased its area constantly since the beginning.

In Google, it appeared for the first time in 2015, lasting until now, while in Bing, only once
in 2019.

Complete information on the twitter pack available at: https://bedgarone.github.io/

serpevolution/elements/twitterpack.

4.3.13 Recipe Cards

The Recipe Cards, seen in Figure 4.30, appeared for the first time in 2020, and no evolution was
noticed over the year. Its positioning is frequently at the top of the results container. More cards
appear after clicking on ’Show more’. The Cards, Responsive Disclosure, Thumbnail and Grid of
Equals design patterns are applied to this element since its beginning, the latter after the element
is being disclosured. Responsive Disclosure is used when the user is intended to be in the same
page while exploring information or proceeding with different actions, being able to see part of

the information at first [70]. The interface is being revealed (disclosured) as the user proceeds.

Recipes

Pizza Pasta PIZZA PASTA BAKE One Pot Pizza Pasta
Bake

Allrecipes Spend with Pennies Damn Delicious

44 (322) 49 (14) 5.0 (3)

45 min 45 min 30 min

Lean ground beef, jar spaghetti ltalian sausage, lean ground Spicy italian sausage, rotini

sauce, rotini pasta, mozzarella beef, pizza, pasta sauce, red pasta, tomato sauce, mozzarella

v Show more

Figure 4.30: Recipe Cards from 2020

Complete information on recipe cards available at: https://bedgarone.github.io/serpevolution/

elements/recipes.
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4.3.14 Category Hierarchy

The Category Hierarchy, exclusive to Google and seen in Figure 4.31, is a no longer existing
element that presented one or more categories related to the query, taking advantage of bread-

crumbs to locate these categories in more general areas.
Its positioning was always at the top of the results container.

The Breadcrumbs and Categorization design patterns are applied to this element since its

beginning.
The element’s area and design were constant during its lifetime.

Category Hierarchies were present in 2003 and 2004.

Category:  Science = Math = ... > Cryptography = Programming_Libraries

Category:  Arts = Movies = Theaters > Theater Chains

Categories:  Business = Financial Serices = Financial Consultants Business = Major Companies = Publicly Traded

Figure 4.31: Google’s Category Hierarchy from 2004

Complete information on the category hierarchy available at: https://bedgarone.github.

io/serpevolution/elements/categoryhierarchy.

4.3.15 Covid-19 Left Panel

In 2020, queries related to the Coronavirus pandemic led to highly sophisticated SERP versions.
In order to categorize the content, the left panel came back to SERP in the shape of Covid-19 Left
Panel, exclusive to Google, as shown in Figure 4.32. It allows the user to consult various tabs of

updated information regarding Covid-19 panorama and prevention.

The content consists of a column of categories that change the SERP results container to

specific information when each button is selected.

In mid-2020, the design was changed, removing the red gradient in the background and

changing the selected tab colors to blue.
Its positioning is always in the left sidebar.
The Categorization design pattern is applied in this element since the its beginning.
The element’s area was constant during its lifetime.

This element was present in 2020.
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Figure 4.32: Google’s Covid-19 Left Panel from 2020

Complete information on the covid-19 left panel available at: https://bedgarone.github.

io/serpevolution/elements/covidpanel.

4.3.16 Search Refinement

The Search Refinement, exclusive to Bing and seen in Figure 4.33, is a recent element that pro-
vides query-refinement options to the user.

Its content consists of a row of query-related search options, similar to related searches, but
appearing earlier, at the top of the results container.

Its design is simple and consists of a button shape for each suggestion. Text styling is not
applied for enhancing new or changed words.

It’s positioning is always between the search query bar and the results container.

The element’s area was constant during its lifetime.

This element was present since 2018.

Select one to refine your search

sparky linux ubuntu sparky linux fedora sparky linux centos

What would you like to know about itraconazole?

side effects for itraconazole itraconazole dosage itraconazole brand name itraconazole cost

Figure 4.33: Bing’s Search Refinement from 2018 (top) and 2020 (bottom)

Complete information on search refinement available at: https://bedgarone.github.io/

serpevolution/elements/searchrefinement.
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4.3.17 Categories Bar

The Categories Bar, exclusive to Bing and seen in Figure 4.34, presents a row of buttons referring

to query-related categories, which can lead the search to a more restricted set of information.

Its content consists of a varied number of categories that are usually an integral part of the
initial query’s subject, such as the history, points of interest and geography of a country; cast,

episodes and awards of a series; or the age, career and speeches of a politician.

Its positioning is always below the tabs bar.

The Categorization and Thumbnail design patterns are applied to this element since its
beginning.

The element’s area and design were constant during its lifetime.

This element appeared for the first time in 2020.

»_4 Scotland Points of interest History Economy Culture Geography
- Game of Thrones Cast Episodes Watch Reviews Awards Characters Recap

@ Joe Biden Age Quotes Speeches Career Early life

Figure 4.34: Bing’s Categories Bar from 2020

Complete information on the categories bar available at: https://bedgarone.github.io/

serpevolution/elements/categoriesbar.

4.3.18 Travel Destinations

The Travel Destinations, exclusive to Bing and seen in Figure 4.35, presents a set of three cards

with main travel destinations when the query is dedicated to a country.

As for the content, each card features an image of the place, its city and a brief indication of

what is highlighted in the photograph, usually a monument.
Its positioning is usually in the scrolling area.
The Cards and Thumbnail design patterns are applied to this element since its beginning.
The element’s area and design were constant during its lifetime.
This element appeared for the first time in 2020.

Complete information on travel destinations available at: https://bedgarone.github.

io/serpevolution/elements/traveldestinations.
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Travel destinations in Italy

Rome Venice Florence

Colosseum, Trevi Fountain, Piazza San Marco, St Mark's Florence Cathedral, Uffizi
Pantheon Basilica, Doge’s Palace Gallery, Palazzo Vecchio

Source: Getty images

Travel destinations in Spain

Barcelona Madrid Seville
Sagrada Familia, Park Giell, La  Royal Palace Of Madrid, Plaza Alcézar Of Seville, Seville

Rambla Mayor, Museo Del Prado Cathedral, General Archive Of ..

Source: Getty images

Figure 4.35: Travel Destinations from 2020

4.4 Summary

In sum, every element listed in Section 2.2.2 was found in Google, but Shopping ads, Direct Answer
Results and Recipe Cards are inexistent in Bing. Elements in this section that are new to that list,

and are exclusive to each engine, are summed up Table 4.1.

Table 4.1: Exclusive SERP elements found in the dataset

‘ Element ‘ Description ‘ Engine ‘
Carousel Grid A Carousel displaying content in a matrix of Google
cards instead of a line, positioned at the same
place
Category Hierarchy No longer present element that stated in Google

breadcrumbs one or more categories related
to the query

Covid-19 Left Panel Allows the user to consult various tabs Google
of updated information regarding Covid-19
panorama and prevention

Categories Bar Presents a row of buttons referring to query- Bing
related categories

Travel Destinations Presents a set of three cards with main travel Bing
destinations when the query is dedicated to a
country

Search Refinement Provides query-refinement options to the Bing

user




Chapter 5

Overall Analysis

This chapter analyzes results from an overall perspective. We synthesize how Search Engine
Results Pages (SERP) layout and overall design evolved, highlight the most important changes,
and discuss what led to the increase of SERP area and how files number and size varied over

time.

5.1 Layout

In this section, we address the results from the colored interface breakdown, by analysing the
layouts designed for each category. This process overlays images from different captures, only
colored at spaces occupied by specific elements, with a high level of transparency, as described in
Section 3.3. Whenever common areas overlap, transparency level reduces and coloring becomes
more intense. The complete results from this layout overlappings are available at the Layout

section in the website: https://bedgarone.github.io/serpevolution/layout.

Category welcome & identity encompasses elements with the search engine’s visual iden-
tity, such as the logo, and other graphic elements that welcome the user, such as slogans, or that
are associated with the brand’s identity. It was noted in Figure 5.1 that both search engines place
their identity in SERP without welcoming elements. Nevertheless, their pattern is almost identi-
cal; each logo has kept its position and size with rare variation. Exception applies to a small part
of Google interfaces with a larger distance between content and the left of the screen, appearing
considerably shifted to the right.

As for search statistics, which relates to elements that display statistics about the retrieved
results, they represent another group of similar elements with identical placement in both en-
gines, appearing consistently below the search query or navigation bar, either left-aligned, right-

aligned, or both (justified).

57


https://bedgarone.github.io/serpevolution/layout

58 Overall Analysis

- — _E
.

Go gle BS Microsoft Bing

Figure 5.1: Layout overlapping for welcome, identity (red) and search statistics (gray)

Category navigation & user inputs embraces all the links that the user can use to navigate
within the website structure, as well as the elements where the user can introduce inputs, such as
the search query bar example. It is possible to notice in Figure 5.2 a significant presence of the left
navigation bar, although not present during several years in both cases. The query bar has also
marked its place at the top of both pages, left-aligned, but appeared in early phases at the bottom
as a duplicate. On the opposite side, right-aligned, there is a usual space for sign-in and user
account information. At the bottom of the page, two areas are noticeable: pagination, aligned to
the left; and the footer, at the very end, covering all the available width. Thus, no differences can
be seen in this category, with the usual exception for Google interfaces from 2010 to 2012 that
where adjusting elements’ position according to the screen’s width and its central axis, rather
than a left alignment. This lead the left navigation bars to being slightly shifted to the right.

The end result is trimmed at the middle and should be seen as two separate results, inferring a

y

variable height of the gray bar.

GO g|e BS Microsoft Bing

E

Figure 5.2: Layout overlapping for navigation & user inputs

The positioning results of organic results, seen in Figure 5.3, reveal an expected strong

presence of frames in the main results container, with a greater focus on the visible area and
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initial part of the scrolling area. Over time, it is noticeable that SERP pages have increased their
height due to the vertical decrease of color intensity, revealing the appearance of results in lower
areas of the page. In both cases, part of the results is slightly shifted to the right, referring to
interfaces with a left side navigation bar. Content was left-aligned during all the history of Bing.
In Google’s case, contrarily, it is possible to observe two other very tenuous sets apart from the
strongest container. One with more centered results due to the interfaces referred in the previous
category. Another small set of frames cover the entire width of the interface, not because the

content was that large but because any div of the first Google SERP had a width of 100%.

GO gle = Microsoft Bing

Figure 5.3: Layout overlapping for organic results

Regarding sponsored results (Figure 5.4), it is possible to identify three major advertisement
areas in both SERP: top ads, right ads and bottom ads. Bing is more stable and consistent when
limiting those areas, with emphasis for a higher incidence on bottom ads, comparing to Google’s
layout. These seem to appear more often due to a higher vertical variation in that position.
Google’s bottom adds are more centered on the scrolling area’s initial part. Again, contrarily
to Bing, Google advertisements in the right sidebar move horizontally over time because some
interfaces force this sidebar to be responsive to the screen’s width and closer to the right edge.
Top adds are the most common positions for ads in both cases, although Google is the one having
a higher vertical variation. Older Google interfaces place advertisements that occupy almost the
entire width, characterized by a fully colored div, as referred in previous categories.

SERP Features’s layout in SERP, seen in Figure 5.5, is similar in both SERP, particularly in



60 Overall Analysis

their central results container, as many features are similar to regular results, with larger height.
It is not possible to determine a most common localization in this container, since they appear in
almost every possible position throughout visible and scrolling areas. SERP features share place
in the sidebar with advertisement, being recently way more present than the latter. In both cases,
most frames with high height values correspond to the well-known knowledge panel. A third
horizontal area is noticeable, normally assigned to the carousel. The result suggests that Bing’s
placement for this bar is variable whereas Google’s one is more consistent. The same behaviour

applies to the knowledge panel.

s00gle m= Microsoft Bing

Figure 5.4: Layout overlapping for sponsored results

Soogie & Microsoft Bing

Figure 5.5: Layout overlapping for SERP features
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5.2 Visual Evolution

As stated before, the first stage of the dataset analysis was made upon a visual selection from a
monthly sample from the dataset. Figure 5.6 and Figure 5.7 are the first outcome from this dataset
sample, displaying how Google’s and Bing’s overall interfaces evolved in terms of design. In
these figures, we include the main versions of Search Engine Results Pages (SERP) interfaces
based on major noticeable changes. Timelines with larger resolution are available at the website’s

Design section: https://bedgarone.github.io/serpevolution/design.

Google’s initial interfaces were made with simple HTML Document Object Model (DOM)
trees, with few depth levels. The first interface design, traced in 2000, differentiated the sponsored
results with a colored background. A second search query bar existed at the bottom of the page,
and the user could change the number of results presented. This latter feature was removed
in the following interfaces. The one traced from 2000 to 2004 revealed a right block of results,
exclusive to sponsored ones. It marked the appearance of the first bar with tabs directing the
user to other types of content (e.g. images and news). The fourth interface design, traced from
2010 to 2012, the content was not left-oriented, but varied in a spaced manner depending on the
screen’s width. It introduced a sidebar on the left, containing tabs to manage the results, but

some of these tabs were duplicated due to another tabs bar in the navbar.

Significant aesthetic changes occurred in 2012. The fifth interface design relates to an impor-
tant period for Google, the launch of the Knowledge Graph, forcing the right column to comple-
ment information with the knowledge panel and compete for its space with sponsored results.
Some modifications were found earlier in the dataset during those years, suggesting some in-
terface testing by Google, the sixth interface design. However, the main and solid design, close
to what we have online today, began at the end of 2018, the seventh interface design. As noted

before in some elements’ graphics, this interface focused on modernizing its lines.
Despite being live during half of the time, Bing have still promoted 5 major interface changes.

Bing’s first interface design, traced in 2010, would differ from the others for having two
search query bars serving the same effect. It was also characterized by its left sidebar, called
Explore Pane, that enables users to easily navigate various categories of results within a consis-
tent location [67]. There one could find a triggered Reference tab, where Bing used to present

semantically indexed Wikipedia content about entity related searches [30].

Bing’s second interface design was traced between 2012 and 2014. The interface brought
cleaner results, and was marked by the removal of the left pane enabling an easier scan in both
desktop and mobile environments [50]. While the second search query bar, placed at the bottom,
also disappeared, related searches changed their position to the right pane and/or to the bottom

of the page, as the main tabs were placed at the top navbar.

Bing’s third interface design, traced between 2014 and 2018, maintained the top tabs bar
and presented an even cleaner design. The overall design was upgraded to mark the recent

introduction of the main knowledge feature Snapshot, equivalent to Google’s Knowledge Graph,
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to help users with all the supporting context needed, and the Pole Position, a surface area at the
top of the page [2].

Bing’s fourth interface design was released earlier for testing, as few captures are dated from
2016, 2017, and 2018, intersecting the period of the previous one, before appearing in huge quan-
tity in 2019. Thus, it was traced between 2016 and 2019, having as a major change, the reposi-
tioning of the main tabs, that started (until today) being localized under the search query bar.
Following improvements, traced until the end of 2020, are just of a graphic design nature, updat-

ing the interface to more modern lines.
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Figure 5.6: Interfaces’ visual evolution over time (Google)
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Figure 5.7: Interfaces’ visual evolution over time (Bing)
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In terms of Identity, we can see how Google and Bing logos evolved in Figures 5.8 and 5.9,
respectively. Google’s is clearly the most consistent, as it has kept its main components since the
beginning: the letters "Google" sequentially colored with blue, red, yellow and green. Only soft
design changes were applied to enforce modern lines. In Bing’s case, its logo underwent design
renovations and varied between the presentation of the ‘Bing’ letters, just the icon of the initial
‘b’ and even the inclusion of the Microsoft’s identity, using the latter’s visual to harmonize all the

logo.

GOUSIQ‘E Google = Google Google

Ab

Figure 5.8: Google’s logo in 2000, 2011, 2013, and 2020 - from left to right

biN bin B Microsoft Bing
S g

Figure 5.9: Bing’s logo in 2013, 2016, 2018, and 2020 - from left to right

As for Search Statistics, they varied in both engines accordingly to the main interface
changes seen earlier in this section. This evolution can be seen in Figure 5.10 for Google and
Figure 5.11 for Bing. Two components can be identified: the number of results, present in both
cases, and the time that lapsed when retrieving the results, exclusive to Google. In fact, all the
Bing versions present a simple sentence in dark color and white background. Contrarily, Google
has went further when embedding the element each interface design, making use of background
colors and text styling. However, if we restrict the analysis to the common period, from 2010 to

2020, both elements are similar.

Google results 1-10 of about 23,997 for mp3 pure. Search took 0.34 seconds

Results 1 - 10 of about 1,550,000. Search took 0.09 seconds.

Results 1 - 10 of about 85,900,000 for "tsunami” [definition]. (0.28 seconds)
About 348,000,000 results (0.08 seconds)
About 329,000,000 results

About 688,000 results (0.41 seconds)

Figure 5.10: Google’s results statistics in 2000, 2004, 2006, 2011, 2013, and 2020 - from top to
bottom
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ALL RESULTS 1-10 of 14,800 results - Advanced
77 RESULTS

2,850,000 RESULTS Any time

73,100,000 Results Date Language Region

Figure 5.11: Bing’s results statistics in 2010, 2013, 2018, and 2020 - from top to bottom

Navigation & User Inputs elements play a major role on the evolution of Search Engine
Results Pages (SERP) interfaces. Figure 5.12 displays the main stages of how Google’s search
query bar and its surroundings evolved. In 2000, the main buttons for this category were ‘Google
Search’ and T'm feeling lucky’. It was possible to select, directly in a dropdown, how many results
should be shown, and to search within the results. There was also a tab with different links to
other Web search engines for the user to search that same typed query, and an option to email
the results retrieved. Other lesser relevant links would point to SERP experience (e.g., language,
search tips). In 2001, the tabs bar was introduced in the shape of Module Tabs. The modules
were Web, Images, Groups, and Directory. In 2002, the News tab was added. In 2006, these tabs
started appearing above the search query, and the module tabs pattern was no longer applied.
The Video, Maps, Froogle, and More tabs were introduced in this year. In 2008, the tabs bar
went to the very top of the page, in a navbar, when Shopping and Gmail tabs were included.
In 2010, the left sidebar was introduced, complementing the interface with other tabs and other
information such as location and results filtering. At this stage, Bing would have been launched.
In 2012, the bottom query bar was removed. In 2013, the tabs bar was displaced to underneath
the main query bar, although the navbar still maintained some of the links, changing others. At
the same time, in the left sidebar, filtering results by theme and by time were the only options
available before this sidebar was removed in 2014. Finally, in 2015, the tabs bar below the query

bar became the only existing tabs bar.

Images Video'™ News Maps mores

Google =

Web Reslts 1 10 of about 85,900,000 for“tsunami” defnion]. (0.28 saconds)

Images Vidoos Maps Nows Shopping Gmail Mores

aarch "
Go /glc ipod touch Search
REr—— Py

e

‘About Google

123456780910

Figure 5.12: Google’s navigation & user inputs elements from 2006 (top), 2012 (mid-top), 2017
(mid-bottom) and 2020 (bottom)

As seen before, Bing’s case started with similar structures to Google. Figure 5.13 displays the
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main stages of how the search query bar and its surroundings evolved. The tabs bar was placed
initially in the top navbar, like Google in the same period. The MSN and Hotmail tabs were
exclusive of this first period until 2013. The left sidebar was also present from the beginning,
in coherence with Google’s interface of the same period. There, the search history was listed,
with previous entered queries, and action links to see all the history entries, to clean them or to
disable this functionality. Next to search statistics, there was a link to advanced settings. In 2013,
the bottom query bar was removed, as well as the shopping, MSN and Hotmail tabs. The left
sidebar also disappeared. In 2016 the More tab changed its name to Explore. Finally, in 2017 the
tabs bar was placed below the query bar, until now, although the previous design was maintained
throughout the year. This year marked also the return of the Shopping tab, replacing the Explore
one.

Regarding the bottom part of the interfaces, one can notice that Bing’s footers and pagi-
nation were always simpler and less interactive than Google’s, which used to have a variety
of navigation links until 2020, contrarily to Bing’s focus on pagination, scarcely surrounded by

other elements. Those links are mainly of two types: informative or search settings.

Bing Bikinis: Seafolly Wrap Bikini

Bikinis: Seafolly Wrap Bikini

5 lomabili gelstrmek cn AMD o

I> bing | HARRY POTTER AND THE ORDER OF THE PHOENIX (2007)

Figure 5.13: Bing’s navigation & user inputs elements from 2010 (top), 2013 (mid-top), 2016 (mid-
bottom) and 2018 (bottom)

5.3 Temporal Evolution

Search Engine Results Pages (SERP) have always had a large variety of elements, spread along
with their layout, each with its evolution and active time periods, as described in Chapter 4.
In this section, we sum up the detected presence of each SERP element and synthesize relevant
changes to SERP identified during this study, both over time.

Figure 5.14, where each black cell means the element was found present in the respective year
in column, is referent to both Google and Bing. Each colored cell marks the first appearance of
the element. It is noticeable how SERP features have emerged in the last decade, contributing to
a matrix full of element possibilities in the last few years. In this work, any comparison between
the two search engines must be aware of the respective time windows. Unlike Google, whose
data stretches back to 2000, Bing’s data only sees 2010 onwards. Thus, it is also possible to

conclude that over the course of these 11 years, Bing has increased the number of elements in
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its SERP. In fact, many of them were inspired by previous Google releases, which justifies that
the latter remains at the forefront of SERP innovation, coupled with worldwide market share
leadership by a vast difference. Besides, considering the same interval for both, from 2010 to
2020, Google’s filled cells relate to Bing’s in a 1.65 ratio, approximately. If we restrict the analysis
to the very last year, the difference is highly reduced, since Google offers 17 SERP elements,
whereas Bing offers 15. A timeline regarding the presence of elements in SERP is available at:

https://bedgarone.github.io/serpevolution/timeline/2010.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Figure 5.14: Detected presence of Google (left) and Bing (right) SERP elements over time

The most relevant changes to SERP, whether due to the entry of new elements or to signif-
icant changes in navigation and user input options, are identified in a two-decade timeline of
SERP in Figure 5.15 and Figure 5.16, for Google and Bing respectively. These timelines are also
available at: https://bedgarone.github.io/serpevolution/timeline.

In fact, Google created the SERP format, very early in 2000, and started taking its first steps,
testing and considerably modifying the structure during the initial decade. This involved study-
ing the placement of sidebars, shaping sponsored content, introducing the tabs bar, modifying
and moving it to different locations, until including, as we saw earlier in this work, content
from other tabs in the general SERP. With Google reaching solid ground, Bing enters the scene
in 2020, producing a competing product, structurally similar to the live version of the Google
SERPs. From that moment on, the path has been done almost in parallel, whose changes are usu-
ally made in advance by Google and followed by Bing, taking as example the tabs bar placement
below the search query, the removal of the colored ads background, removal of the left sidebar
or the introduction of the carousel, for example.

Hence, we could substantiate what Hochstotter and Lewandowski [26] said regarding Google
being always at the forefront of presenting sophisticated pages, and being a pioneer in implemen-
tations. Interestingly, this author wrote at a time when the SERP only included simple features.

This reign continued for another decade, as seen we’ve seen in this study.
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Shopping and Gmail tabs added Left sidebar removed  Feature Snippets introduced
Videos and Maps tabs added Local Pack introduced Knowledge panel introduced
News tab added Tabs bar placed on navbar Tabs bar placed under search query Covid-19 sidebar introduced
SERP tabs bar introduced (Images, Groups, Directory) Tabs bar placed above the query bar Left sidebar introduced Shopping ads introduced Carousel introduced Direct Answers introduced
Right sidebar with sponsored results Top Stories introduced = Image Pack introduced Related Searches introduced Bottom query bar removed Ads loose their colored background
O O O O O O O O O O O O O O O O O O O O O

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 5.15: Highlights of Google’s SERP overall evolution

Tabs bar placed under search query
Local Pack, Video Pack and Top Stories introduced
Knowledge Panel and Image Pack introduced
Left sidebar removed = Ads loose their colored background

Shopping, MSN and Hotmail tabs removed Twitter Pack introduced
Bottom query bar removed Featured Snippet and Carousel introduced
O O O O O O O O O O O O O O O O O O O O O
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 5.16: Highlights of Bing’s SERP overall evolution
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5.4 User Interface Design Patterns

Almost every element in Search Engine Results Pages includes well-known user interface de-
sign patterns to improve the user experience. These are listed in the website’s Patterns section
available at: https://bedgarone.github.io/serpevolution/patterns. In this section, we
synthesize this appliance and compare the job by both engines.

Figure 5.17 maps each Google and Bing elements with each user interface design pattern
already addressed. Each cell is complemented with the start date of that appliance. Older SERP
elements by Google make later use of design patterns for individual improvement, whereas some
recent elements may have arisen from the need to apply a design pattern solution. In those cases,
we can trace the design pattern since the element’s beginning. Regarding Bing, it is possible to
notice a less intensive application of these patterns. In particular, it is highlighted the non-use

of Breadcrumbs and Progressive Disclosure but also a lesser focus on Carousel.

Progressive

Module Tabs Breadcrumbs  Accordion Carousel Cards X
Disclosure

Categorization News Stream  Thumbnail ~ Grid of Equals
Regular G2019-

. G2019-
Enriched B2020- G2020- B2019- ‘ B2019-
Textual Ads
Shopping Ads G2020- G2019-
Knowledge Panel G2018 G2018- G2018

. G2020-

Feature Snippet B2020-

Direct Answer

Local Pack
Image Pack

Video Pack

Top Stories
Carousel
Carousel Grid
People Also Ask
Related Searches
Twitter

Recipes

Category Hierarchy G2003-2004 G2003-2004
Covid-19 Left Panel G2020-

Categories Bar

Travel Destinations

B2020-

Search Refinement

Figure 5.17: User Interface Design Patterns and time of appliance to Google (white) and Bing
(orange) SERP elements

5.5 Interface area size

We calculated the area of all screenshots in the dataset to analyze its evolution over time, seen

in Figure 5.18. It shows the evolution of interface area per month (dots) and per year (line),
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measured in rem squared units. A rem unit, in most browsers, equals to 16px, the default font
size of an HTML element. Each entry in the chart corresponds to the average area per month
for all captures in the dataset, and it was considered the full height of the capture. The results
show an increase, close to exponential. This is due to the appearance of SERP features, that have
been adding extra content to SERP, thus, making them bigger over time, and also to the increase
of the screen’s width, already addressed in Section 3.2. Both graphs show a similar growth, but
Bing’s area was almost always slightly lesser than Google’s. Months without values, as indicated

in Table 3.1, not have captures in the dataset.
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Figure 5.18: Interface area evolution for Google (blue) and Bing (orange)

5.6 Files size

We made a similar approach to study the variation of file’s size regarding the entire dataset.
Figure 5.19 represents the SERP captures’ file size evolution and the added size of both the HTML
file and the associated files’ folder. In the Google’s case, size results accompany the evolution
of the interface area as seen in Figure 5.18, expressing a steep rise in the last few years. In
Bing’s case, this growth exists but its intensity if weak. From the comparison of these results,
it is relevant to notice that Google’s SERP source code is now heavier than Bing’s. Besides, the
difference when adding the files folder size is even bigger. One may argue that Microsoft is more

successful in SERP efficiency while others may justify this difference with richer SERP by Google.
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Nevertheless, as seen in this work, by 2020 both SERP are becoming simillar in terms of element

varieties.
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Figure 5.19: Source code size (violet), Source code + Files folder size (orange) evolution for Google

(left) and Bing (right)

This increase cannot be clearly related to an increase in the number of associated files, as
seen in Figure 5.20, since later values share similar values with first years of SERP existence.
Nevertheless, results suggest that SERP sought to reduce the number of associated files, having
both achieved this aim in an initial stage. This number started to rise again because interfaces
evolved and demanded more images and graphics, that can somehow increase the files needed
to load a SERP. However, similarly to the previous Figure, Google’s growth is more intense and

consistent, whereas Bing present a lower tendency for 2020.
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Figure 5.20: Average number of files associated for Google (green) and Bing (yellow)



Chapter 6

Conclusions

Using Google and Bing as case studies, we examined how Search Engine Results Pages’ (SERP)
user interfaces evolved over two decades of existence. While existing research has relied on the
actual states of these interfaces, we have updated and improved the analysis with an evolution
perspective, addressing SERP elements, their positioning, layout, size and patterns.

We extracted and provide a dataset with 7,000+ SERP captures that include HTML versions
and their screenshots. Interfaces have kept track of web development’s evolution, which allowed
a better-automated extraction of information for this study in more recent years, compared to
rudimentary HTML early versions.

We have shown that SERP constitution has become more diversified over time, especially in
recent years, to provide information effectively while keeping the user in the results page. SERP
element’s range has been growing continuously, although steeper in the last few years. Google
was responsible for launching itself firstly on the market, in the beginning of the century. We
have seen that Bing comes out a decade after with an interface similar to its big competitor,
and we’ve shown how many of its elements were influenced by Google and appearing briefly a
posteriori after Google’s initial launch.

Despite some innovation, patent on the unique elements of each engine, we saw that the
layout of both interfaces is similar for the various categories of elements analyzed. In a process
that has been intensifying over time, the composition of Bing interfaces has come to resemble
Google’s and, as of 2020, the number of SERP elements is almost equal.

We also saw how and when user interface design patterns were applied to SERP elements, in
which Google presents a greater number of elements reinforced with these solutions. In Bing, it
was possible to conclude a lesser use of design patterns, noting how recent these strategies occur
in its elements, only from 2017 onwards.

Finally, we have shown how interface area increased almost exponentially, noting that Google’s
SERP area was always slightly higher in the common comparison period. In terms of source code
and files’ weight, Bing presents less heavy pages, especially regarding associated files, where
there is a greater efficiency in the storage of graphic information that has recently become as

demanding as the competitor’s.
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6.1 Future Work

Regarding the extraction of interfaces, unfortunately, despite that Internet Archive has billions of
varied pages captures, these highlighted by their diversity, SERP were not captured consistently
for many years as, for example, search engine homepages were. Achieving the right interfaces for
an evolutionary analysis requires an additional effort in order to study how to efficiently collect
and reach more of these captures, while testing other methods to find the most representative
queries for triggering SERP features over time.

Web search engine variety is beneficial for studying SERP elements. Despite a lower rank in
market share, there will certainly be exclusive bets for new interface elements from other search
engines not incorporated in this work. Extending the analysis to these search engines could lead
to more element contributions.

Accompanying the evolution of web development is the coding of SERP elements. Its de-
tection is a complex process that could be studied further, especially for the automation of this
detection, while analysing SERP structure and hierarchy:.

This study’s target was the desktop versions of SERP. Nowadays, many advocate a web devel-
opment paradigm focused primarily on the mobile version. It is of great interest to replicate this
analysis in portable versions such as tablets and smartphones, which are other common means
for consulting the information provided by Web search engines.

Finally, noting that interfaces are static, it is not possible to analyze and assess user inter-
action. However, this is a very important field for the user experience. Thus, it is valuable to
complement this analysis with an overview of the current state of interfaces concerning their

interaction and usability.
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Google

Organic results

Regular results
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Figure A.1: Google elements’ identifiers
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Figure A.2: Bing elements’ identifiers
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