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Abstract 

The use of 3D graphics on the web has been limited by several factors, such as the 
inadequate quality of the 3D web graphics and the inability of the different web 
browsers to support the different 3D technologies. The development of modern web 
browsers, 3D technologies and standards that do not demand the use of plug-ins, such as 
HTML5 and WebGL, have facilitated the use and development of 3D web applications. 
Although 3D web applications have been used in several fields, such as gaming, 
education and commerce, these applications and virtual realities are not common. The 
aim of this study was to analyze how widespread the use of 3D interface elements and 
applications is currently on websites, both in general and on certain subsections, and to 
determine factors that may influence the popularity of these elements.  

Random samples of 100 websites from five different categories (general, Finnish, 
commercial, scientific, and entertainment) were selected for this study based on the 
previous prevalence of 3D applications in these fields, and they were analyzed with 
content analysis by concentrating on the purpose of these elements and certain features 
related to the acceptance and functionality of 3D elements, such as the plug-ins or 
software required by the technology on the end user's computer, and the compatibility 
of these elements with different selected web browsers. 

As the results of this study demonstrated, the use of 3D elements is still limited and in 
most of the studied categories they were used on less than 7 % of the websites, as only 
the games and entertainment related websites had a higher percentage of 3D usage (17 
%).  Most of the 3D elements present on the websites were separate single-user 3D 
applications that could be divided into games, design programs, and educational and 
scientific applications. Individual 3D models were also included for educational or 
commercial purposes, but integrated 3D interface elements were not commonly used on 
the studied websites. 

The popularity of the 3D elements could be affected by the lack of standardization and 
still increasing number of different technologies used to create the 3D elements and the 
varying plug-in support these technologies have on different browsers, since the 
majority of the technologies demand the use of plug-ins. Although 3D use was quite 
limited, there were some factors that could affect positively the decision to use 3D 
elements among the service providers. Some of the 3D applications had a simple, ready-
made platform for the desired purpose and the effort of building a new interface may be 
avoided by using these. In some cases, such as with games, the use of 3D was well-
established and it may be expected instead of the 2D imagery. There may also be a 
greater motivation to include 3D applications on the website, if there is a pre-existing 
3D based service to move online. 
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1. Introduction 

The development of modern web browsers and plug-ins has allowed web pages and 
applications to use increasingly complex graphics and developers have not been limited 
to static content for many years, although anything more complex than text or 2D 
imagery often demands the use of plug-ins. The current web standards, such as HTML5 
and WebGL, have brought the ability to embed sound, videos and 3D graphics into web 
pages without plug-ins or additional programs and the modern web applications may be 
used instead of desktop applications in several cases (Berjon et al., 2013; Marrin, 2013). 
Proponents of 3D technologies have insisted that the use of 3D would result in more 
effective and entertaining browsing and viewing of information, but 3D elements have 
not yet become a major aspect on the Internet.  

Ever since the 3D graphics were introduced on the Internet, they have been used mostly 
in order to supplement standard 2D content. Their use has been limited by several 
factors, such as the inadequate quality of the 3D web graphics, the large number of 
different standards available to the developers, and the inability of the different web 
browsers to support these standards. Particularly the development of interactive 3D 
graphic applications has faced difficulties due to the demands these applications place 
on both hardware and software. In addition, several web application technologies lack 
an application programming interface for 3D graphics. 

Although the use of 3D elements on the Internet has been limited so far, the ability of 
web applications and browsers to render 3D graphics has increased over the years and 
they have in many ways become viable alternatives to 3D desktop applications. From 
the end user's perspective the ability to use 3D applications through the web browser 
without installing additional programs or hardware, especially if these applications run 
on any operating system or modern web browser, has the potential to make them more 
accessible and easier to use.  

Several companies are developing 3D technologies in an effort to gain a dominant 
position, which has led to a lack of standardization. There is no single obvious choice of 
technology for 3D graphics due to the great number of currently available alternatives, 
which all have their advantages and disadvantages. The current versions of the mark-up 
language HTML (HTML5) and style sheet language CSS (CSS3) are capable of 
presenting 3D graphics without plug-ins, but they do not work equally well in all 
browsers and have limitations on how complex graphics they can display (Berjon et al., 
2013; Fraser et al., 2012). Some of the technologies, such as Flash, Shockwave and 
Silverlight, have better rendering capabilities, but demand the use of a plug-in (Adobe 
Systems, 2013b; Adobe Systems, 2013c; Microsoft Corporation, 2013). The older web 
technologies, such as Java, have 3D capabilities, but may suffer from security concerns 
connected to the use of the technology (Finkle, 2013). 

3D graphics have traditionally been used for entertainment purposes and online games 
are increasingly popular, but other sectors have noticed their potential in web use 
(Kumar et al., 2008). Scientific and educational applications include 3D graphics and 
models in virtual classrooms and demonstrations, which benefit from the more realistic 
and interactive approach to displaying information, and commercial 3D applications let 
the customers familiarize themselves with the products far better than the traditional 2D 
images would allow (Hamza-Lup et al., 2009; Rhead et al., 2010; Yoon, Laffey, & Oh, 
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2008). In addition, the rising popularity of mobile devices and tablets with Internet 
connections has generated interest in 3D interfaces in general. 

Despite the fact that 3D applications and technologies have been developed for the web 
for several years, most of the interfaces are still 2D and the use of 3D has increased 
slowly outside gaming purposes. The previous studies on the subject have mostly 
focused on developing individual 3D web applications and their usability, and there has 
not been recent research on the current status of the general 3D use on the Internet, 
which motivated the interest in addressing this issue in the current study. For gaining 
insight to the current situation the main research problem of this study was:  

How widespread is the use of 3D interface elements and applications currently on 
websites, both in general and on certain subsections, such as on commercial or 
scientific websites, and in what connection are these elements used?  

 

Random samples of 100 websites in five categories (global, Finnish, commerce, science 
and education, games and entertainment) were selected for this purpose and their 
content was analyzed by concentrating on certain features of the 3D elements, such as 
the technology used for creating the elements. The first two categories were selected in 
order to compare any differences between global and Finnish 3D web use and the other 
three categories were selected based on the previous research and higher prevalence of 
3D elements and applications in these fields. The categories were also chosen on the 
basis of interest in any differences in the prevalence of 3D web elements in different 
fields. Content analysis was used for analyzing the websites, since the technique is used 
in qualitative analysis to examine different content through outside observation and can 
be applied to the World Wide Web (McMillan, 2000). 

In order to define the presence of any common problems connected to the 3D elements 
that can hinder their use and wider acceptance (Ortiz, 2010), the focus was also on the 
following functional features of the found elements: what technologies are used for the 
elements, do the used technologies require installing plug-ins or software on the end 
user's computer and are the elements compatible with commonly used web browsers?  

The basics of 3D graphics and the 3D web technologies currently in use are described in 
Chapter 2 of this study, as are the different fields using 3D applications and the issues 
currently facing the development of 3D web applications. Chapter 3 will describe the 
used material and methods. The results of this study are presented in Chapter 4, divided 
into categories by the field of the websites. Discussion of the results is presented in 
Chapter 5 and the conclusions in Chapter 6.  
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2. Background 

Although 3D web content has been available for several years, distribution of 3D 
content over the Internet has been technologically challenging due to the bandwidth 
demands and the required hardware, but these issues have been gradually overcome by 
developing new technologies. In the section 2.1 this chapter describes the background 
and history of creating 3D web elements by introducing the main 3D graphic 
technologies used for programming 3D content on the web. The 3D web elements and 
applications have emerged most commonly in certain fields and website categories, 
which are presented in section 2.2, outlining the different purposes for which the 3D 
elements have been used in web applications. The usability of the current 3D web pages 
and elements, and the issues facing their development in the future are presented in 
general in section 2.3. 

2.1 3D graphics on the web 

The current hardware is able to process and display 3D content better and better, and 
this has increased expectations to display this content via web browsers as well as on 
personal computers. According to Ortiz (2010), 3D on the web has remained primitive 
partly for the reason that the technology is difficult to use with typical browsers, with 
many users preferring not to use plug-ins. In addition, the lack of standardisation will 
lead to incompatible technologies, the 3D content is slow to create in general, the 
increase of smart phones and netbooks means that more people are using devices 
incapable of running 3D content and the proponents are not designing online 3D 
technology for the average user. Ortiz (2010) presents these issues as factors that may 
prevent 3D from becoming reliable and mainstream for several years. Evans, Romeo, 
Bahrehmand, Agenjo and Blat (2014) have assessed the current 3D graphic technologies 
and state that the need to use plug-ins is diminishing, but efforts toward a standard are 
still incomplete and in progress, with the academic community and the development 
community having different favorites. The authors also present that the creation of 3D 
content has become simpler with new interfaces, although there is no fully-featured 3D 
modeling tool available. 

Many of the current graphic web technologies include the ability to create 3D elements 
on websites, but these are usually used mostly for creating 2D content, and as such there 
has not been much research concentrating on the 3D features of these technologies. The 
first 3D web elements were introduced twenty years ago, in 1994, when the first web-
based 3D format, VRML (Virtual Reality Modeling Language) was developed (Web3D 
Consortium, 2013). VRML was followed by its successor, X3D, in 1999 and after this 
during the 2000's 3D features have gradually been added to the existing 2D graphic 
technologies, such as Java and Flash, and new 3D technologies, such as WebGL, have 
been developed during the last few years (Ortiz, 2010), as is presented in this chapter. 

2.1.1 VRML and X3D 

The first web-based 3D format, VRML, that supported 3D geometry and animation was 
developed in 1994 and became the first 3D technology officially recognized by the 
International Organization for Standardization (ISO) (Ortiz, 2010; Web3D Consortium, 
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2013). Since then, the graphic web interfaces have no longer been limited to the 
traditional 2D content and with the increasing interest in 3D web elements, several ways 
to represent, program and render 3D graphics for the web applications have been 
developed in order to advance this ability. Although several tools and viewers were 
developed for VRML, the developers gradually dropped support for them, leading to the 
waning interest in the technology (Walsh & Bourges-Sevenier, 2001). VRML only 
allowed the developers to write 3D content and was slow, which contributed to the lack 
of interest (Ortiz, 2010). 

VRML's successor, X3D, is an XML-based file format that features some extensions to 
VRML, such as supporting multi-stage rendering. The standard development was 
started in 1999 with the aim of maintaining compatibility with VRML and it is 
continually amended. (Daly & Brutzman, 2007; Ortiz, 2010; Web3D Consortium, 
2013.) Like VRML, X3D is viewed with separate browsers that are often implemented 
as plug-ins for web browsers. X3D is defined by the Web3D Consortium, a non-profit 
industry community, which intends for X3D to become the 3D standard for the web. 
Programming languages, protocols and technologies for integrating 3D environments 
into web pages are grouped by Web3D that supports several developers. (Brutzman & 
Daly, 2007; Walsh & Bourges-Sevenier, 2001; Web3D Consortium, 2013.) The 
X3DOM framework and integration model has been developed for integrating HTML5 
and X3D elements without plug-ins with an approach that is similar to the SVG model 
(Behr, Eschler, Jung & Zöllner, 2009). X3D has some advantages over VRML, such as 
open source resources that can be used to create multi-user virtual environments 
(Bouras, Panagopoulos & Tsiatsos, 2005), but nevertheless, X3D is not widely 
supported by the commercial tools and it has been largely ignored by the developer 
communities (Ortiz, 2010). 

2.1.2 HTML5  

HTML5 is the latest version of the HTML mark-up language that aims to e.g. reduce the 
need for external plug-ins and make the language easier to use, the first draft having 
been released in 2008. It has several new qualities, such as the canvas element, a region 
that enables the drawing of graphics, both 2D and 3D, directly to the browser. The 
element is only a container with height and width attributes and the actual drawing is 
executed by scripting, usually by using JavaScript. (Berjon et al., 2013.) Another 
technology that allows the creation of graphics is Scalable Vector graphics (SVG), an 
XML-based vector image format that is supported at least partially by most major web 
browsers (Sucan, 2010). SVG and Canvas are fundamentally different and have both 
their advantages and disadvantages. Canvas may have good performance and is suited 
for generating raster graphics, but everything is in pixels, whereas SVG has good 
support for animation, but may render complex documents slowly.  Canvas elements are 
embedded in HTML pages with <canvas> tag, whereas SVG files can be embedded 
with <embed>, <object>, or <iframe>. (Berjon et al., 2013; Sucan, 2010.) 

The canvas element and many other features of HTML5 are supported by the current 
versions of Internet Explorer, Firefox, Chrome, Safari and Opera, including the mobile 
versions of Safari and Opera and the Android browser, but versions 8 and earlier of 
Internet Explorer do not support the canvas element (W3Schools, 2013b; Deveria, 
2013). HTML5 is under development especially for mobile browsing in the hopes that it 
would be a more lightweight platform (Winokur, 2011). HTML5 and the associated 
elements are commonly used together with other technologies, such as WebGL, with 
premade JavaScript libraries and with different extensions. XML3D is an extension to 
HTML that is based on the W3C standards, such as XML and CSS, and allows the 
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embedding of 3D graphics into HTML content and supports mapping to GPUs (Sons, 
Klein, Rubinstein, Byelozyorov & Slusallek, 2010).  

2.1.3 JavaScript 

JavaScript is a scripting language that is commonly used in order to write functions that 
can be embedded in the HTML and run in a browser. Originally these functions were 
used for validating data, but JavaScript has expanded to a full programming language 
that can be used in graphics and animations. Although JavaScript is mostly used in 
client-side scripts, it can also be used outside web pages and in server-side 
implementations. Since most popular browsers support JavaScript, including the 
browsers on mobile phones, the language is commonly used in web pages both by itself 
and in connection with several other technologies, such as WebGL and Flash. (Zakas, 
2012.) 

The JavaScript functions that are used for the creation of graphics are often collected 
into graphics libraries. One of the JavaScript libraries used for creating hardware-
accelerated 3D graphics scripts is Three.js, a cross-browser library and application 
programming interface (API) that allows the use of canvas, SVG and WebGL renderers 
(Danchilla, 2012) (see figure 3 for an example of a Three.js application) and this library 
has been used in combination with HTML5 to develop a system for viewing 3D models 
on mobile devices (Sawicki & Chaber, 2013). 

 

Figure 3. Urban population world map rendered with Three.js and canvas (Dirksen, 2012).  

2.1.4 WebGL 

WebGL is a cross-platform programming standard released in 2011 for low-level 
hardware accelerated 3D graphics that is based on OpenGL. It has been designed to be 
plug-in-free and implemented directly into the browser in an HTML context, through 
the HTML5 Canvas element. (Khronos Group, 2013.) WebGL allows developers to 
include rather complex 3D features in the applications, such as raytraced reflections and 
refractions (see figure 4). The applications can be developed by using any JavaScript 
environment, since all calls to the API are made in JavaScript. (Khronos Group, 2013; 
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Marrin, 2013.) One of the issues that still concerns the web graphics is the quality of 
3D, which is affected by long downloading times. WebGL and JavaScript can be used 
for removing the latency by compressing the 3D streaming data (Lavoué, Chevalier & 
Dupont, 2013). 

WebGL is at least partially supported by most major browsers, but not by the older 
versions of Internet Explorer (versions 10 and earlier) that demand the use of a plug-in. 
In addition, not all users with compatible browsers are able to use WebGL, since the 
technology has requirements for up to date video drivers and hardware. (Khronos 
Group, 2013; Marrin, 2013.) Version 18 of Chrome enables 3D content for older GPUs 
by displaying the 3D content to those users automatically via SwiftShader, a software 
rasterizer (Bauman & Salomon, 2012). 

 

Figure 4. Water simulation rendered by using WebGL (Wallace, 2011).  

2.1.5 CSS 

CSS was designed for styling HTML documents and although it wasn't intended for 
generating whole environments, 3D styling has been added to the latest standard, CSS3, 
in addition to the normal 2D styling methods. CSS3 allows the formatting of HTML 
elements by using 3D transforms. The 3D transform methods define perspective, 3D 
scale transformations by giving a value for the X-, Y- or Z-axis, and 3D rotations along 
the X-, Y- or Z-axis. The 3D effects may be performed by CSS alone, or combined with 
JavaScript, such as jQuery plug-ins. (Fraser et al., 2012; W3Schools, 2013a.) 

CSS 3D module is currently supported by Internet Explorer 10 and Firefox, but not by 
Opera, which supports only 2D transforms. Chrome and Safari support the transforms, 
but require the prefix -webkit-. (W3Schools, 2013a.) Although a browser may support 
3D, it might not be able to render 3D, since browsers usually use GPU for computing 
and rendering and this may not necessarily be available on all platforms. There are also 
still some issues that affect the displaying of HTML elements in different browsers, 
such as flickering, and slow or inconsistent rendering. These problems may limit the use 
of 3D CSS when using simultaneously a large number of 3D transforms on HTML 
elements. (Eden, 2011; Fraser et al., 2012.) Other extensions based on CSS have been 
proposed, such as 3DCSS by Paulis (2010), which includes style rules for colour, 
material, texture and rendering, and a set of materials, such as silver and rubber.  
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2.1.6 Flash and Shockwave 

Adobe Flash is a multimedia and software platform that was developed for creating and 
displaying graphics and animation, and is commonly used for commercial animation. 
The first version was released in 1996 as Macromedia Flash and 3D capabilities were 
added by Adobe in 2008. (Adobe Systems, 2013b; Ortiz, 2010.) The content, such as 
interactive multimedia, can be viewed on the web with Adobe Flash Player, which is 
available as a plug-in for common web browsers. There have been ways to simulate 3D 
content in earlier versions, but currently 3D content can be created through the Flash 
interface by translation and rotation tools, or by using ActionScript, an object-oriented 
scripting language. (Adobe Systems, 2013a.) The 3D capabilities of Flash may be 
expanded to true 3D objects by using 3D engines, which are often used in game 
programming. The latest version of Flash Player supports hardware accelerated 3D 
graphics, but in case hardware is not available, software rendering can be used. (Adobe 
Systems, 2013a; Adobe Systems, 2013b.) Unity3D content can be published to this 
version of the player and tests have found that Flash-based content performs as well as 
content created with Unity3D (Bandrowski, Clark, & Double, 2011). The use of Flash 
on websites has been slowly declining in general, although 17.5 % of all websites use it 
and 99 % of Internet-enabled PCs have the player installed. (Adobe Systems, 2011; 
Adobe Systems, 2013a; Adobe Systems, 2013b; W3Techs, 2013.) 

Adobe Shockwave (formerly Macromedia Shockwave, released in 1995) is another 
multimedia platform developed by Adobe that was intended for making animations, 
although it is mostly used in game development. 3D support was added in 2001 in 
version 8.5. Shockwave content may be viewed in web browsers with a Shockwave 
Player plug-in, which is available for Internet Explorer, Firefox and Chrome on 
Windows and Safari on Mac OS X, but doesn't support mobile devices. The applications 
are created with Adobe Director, which allows the use of JavaScript. (Adobe Systems, 
2013a; Adobe Systems, 2013c.) Shockwave is not as widely used as Flash, with 41 % of 
Internet viewers having the player installed (Adobe Systems, 2011). 

2.1.7 Silverlight 

Silverlight was originally developed in 2007 by Microsoft as a .NET framework 
application plug-in for web browsers, but currently Microsoft's XNA framework, which 
is similar to OpenGL, can be used in Silverlight applications as well. The 3D graphics 
part of the XNA framework is similar to Direct3D and it is used e.g. in game and 
multimedia development. Silverlight plug-in supports the common web browsers, such 
as Internet Explorer, Firefox, Chrome and Safari, and Windows Mobile 7 on mobile 
devices. (Microsoft Corporation, 2013.) 

Silverlight has a wide range of support for different languages, such as calling 
JavaScript functions (Microsoft Corporation, 2013). Although Silverlight was designed 
to have similar features as Adobe Flash, it has been far less popular, with only 0.2 % of 
websites using it (W3Techs, 2013). Silverlight is commonly used for video streaming 
and for example Netflix, an on-demand Internet streaming media service, has used the 
technology on their website, although they are planning to move the service to HTML5 
in the future (Park & Watson, 2013). 

2.1.8 Java 

Java is a programming language that can be executed by a virtual machine included in 
the Java Runtime Environment (JRE). Java applications, i.e Java applets, can be used 
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and viewed on web pages with the use of a plug-in that is installed with the JRE on the 
end-users computer. Internet Explorer, Firefox, and Chrome support current version 7 of 
Java, but mobile devices do not offer much support for the technology. (Oracle 
Corporation, 2013a.) Lately, security concerns have affected the use of Java and users 
have been urged to disable the software on their computer after new vulnerabilities were 
discovered, making Java the most frequent target of cyber attacks (Finkle, 2013). 

There is no 3D graphics library built in Java, and subsequently different libraries such 
as Java3D, which was first released in 1998, are used in order to create graphics. 
Java3D, one of the most common 3D rendering options for Java, is a scene graph based 
application programming interface, which can use OpenGL or Direct3D and supports 
advanced graphics and sounds. (Oracle Corporation, 2013b.) Java is occasionally also 
used in connection with other 3D technologies, such as Java OpenGL library (JOGL), 
which has been used for visualizing 3D content with X3D (Luengo, Contreras, Leal & 
Iglesias, 2007; Kostadinov & Vassilev, 2013b). 

2.1.9 Unity3D 

Unity3D is a game engine that is commonly used in order to develop 3D content for 
several platforms and was first developed in 2005. The content created with the game 
engine is viewed in a web browser with a Unity web player plug-in that supports 
Internet Explorer, Firefox, Chrome, Safari, and Opera, mobile devices, such as Android 
and iOS, and Linux. (Unity Technologies, 2013, 2014.) The engine allows the creation 
of more extensive 3D applications and it can be combined to pre-existing technologies. 
Katz, Cook and Smart (2011) describe using a web browser equipped with a Unity 3D 
browser plug-in as a way to access virtual worlds, particularly Second Life and 
OpenSimulator. Downloading a separate application for this purpose could be a problem 
for enterprise users, who do not necessarily have the latest equipment, and being able to 
enter the virtual world via a web browser could make them more accessible. One of the 
reasons the authors chose Unity3D for this purpose was the support for old hardware 
and graphics drivers. (Katz et al., 2011.) 

2.1.10 Other 3D software and plug-ins 

In addition, separate 3D software and game engines are often used in order to generate 
3D content on web pages. In many cases the interface needs to be downloaded and 
installed into the end user's computer, which may hinder the acceptance of the 
technology in question. Many game engines, such as Unity3D and Panda3D, offer a 
plug-in for web applications, but there are efforts to bring game engines to the web 
without the need for plug-ins. The Unreal Engine 3 can be used in connection with 
HTML5, WebGL and JavaScript in order to create 3D web games that do not require 
plug-ins, but the technology works currently only on Firefox 22 and hardware that is 
compatible with WebGL. (Epic Games, 2013.) 

Panda3D is an open source game engine developed by Disney and maintained by 
Carnegie Mellon University's Entertainment Technology Center. The engine is still used 
at Disney for their commercial games, such as Pirates of the Caribbean online, but it is 
free for any purpose. Panda3D uses Python and C++ as the game development 
languages and offers a plug-in for viewing web applications on Internet Explorer, 
Firefox, Safari and Chrome. (Carnegie Mellon University, 2010.) 
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2.2 Current 3D web applications 

The aforementioned technologies have allowed developers to create an increasing 
amount of 3D elements for the web use. Nevertheless, it has so far been somewhat 
uncommon to include 3D elements on websites, interactive or otherwise. Chittaro and 
Ranon (2007a) divide the websites distributing 3D content into websites that display 
interactive 3D models of objects embedded into web pages, and websites that are 
mainly based on a 3D virtual environment. In the first case the primary information 
structure is still based on the hypermedia model and in second case the primary 
information structure is a 3D space. According to Chittaro and Ranon (2007a), the 3D 
websites are not meant to substitute the hypermedia model, but they can add value with 
3D visualization. 

The main application domains and research for 3D web use are currently on websites 
related to entertainment and culture, science and education, and commerce and public 
service. This chapter presents some of the uses that have been found for 3D elements 
and environments on different websites. Much of the previous research on the subject 
has concentrated on the development of individual applications and systems instead of 
the general state of 3D web. 

2.2.1 Entertainment and culture 

The main online use of 3D has traditionally been in virtual worlds for entertainment 
purposes. Virtual worlds are simulated environments, where users can interact with 
computer-generated agents and with other users, and these 3D virtual environments 
have been also planned to be used over the Internet (Macedonia et al., 1995). According 
to Kumar et al. (2008), 3D virtual worlds can be divided into online games and 
metaverses, virtual spaces that present a single world consisting of terrain, avatars and 
objects. The users can move around metaverses through their avatars and generate 
content. Metaverses are considerably larger than online games and the user-generated 
content is dynamic, unlike in online games that have a static, expert-generated scheme. 
They can be private and limited to a certain group or open to the general public, like 
Active Worlds or Second Life, the most popular metaverse currently online. Their 
settings are based on realistic modern-day environments and include real nations and 
landmarks, with existing institutions, businesses and even governments having official 
representations in these worlds. Metaverses have been available online for several years 
and they are used for social networking, entertainment, commerce and education. 
(Kumar et al., 2008.)  

If 3D virtual worlds are expected to become widely used in the future, there are some 
technological, legal and social issues that have to be considered. According to 
Hendaoui, Limayem and Thompson (2008), among the technological issues are 
determining the 3D standards and software clients to be used, and determining how to 
connect web sites to virtual worlds and different virtual worlds with each other and how 
to connect e.g. financial and human-resource systems with 3D environments. So far, 
very few of the virtual worlds have been directly accessible through web browsers and 
they have instead demanded the installation of separate downloadable browsers or other 
software in order to connect to the server.  

The other use of online virtual worlds, gaming, has consisted of both single and 
multiple player games, some of which are accessible through web browsers instead of 
downloadable programs. With the increasing use of game engines that allow the use of 
3D applications with browser plug-ins (El Rhalibi et al. 2009), and the development of 
WebGL, 3D games do not rely anymore solely on the installation of software and can be 
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played on a web browser. According to Curran and George (2012), game development 
for the web is simplified with the release of HTML5 and WebGL, which can make web 
browsers a valid gaming platform by offering plug-in free 3D graphics. Currently a 
large part of the 2D games are developed using Flash and the recent 3D additions to the 
technology and the ability to convert environments to HTML5 make it an attractive 
platform for game developers. Nevertheless, the recent shift to gaming in mobile 
devices places some limitations on the technologies, since most of them do not function 
in mobile browsers, unlike HTML5. (Curran & George, 2012.)  

3D has been used for promoting other forms of entertainment on the web as well. For 
example, a recent collaboration between Chrome and Disney for the movie "Oz the 
Great and Powerful" utilized HTML5 and WebGL in order to produce an interactive 3D 
world, where the users could play games and capture video via webcam through the 
official webpage (see figure 5; Bernstein, 2013). 

 

Figure 5. Find Your Way to Oz Chrome Experiment.  

Cultural exhibitions have also found a way to use 3D to their advantage in virtual art 
galleries or museums. Virtual museum may refer to a museum that only exists online or 
to a web site that displays digital versions of existing exhibitions. Many museums and 
galleries do not have the space to keep all of their archives on display and the cost of the 
exhibitions may not be affordable, which makes virtual exhibitions a practical 
alternative. Virtual museum exhibitions can display 3D reconstructions of monuments 
and archaeological sites (Kostadinov & Vassilev, 2013a), but museums can also use 
images in order to create photorealistic visualisations of artefacts, such as the Virtual 
Hampson Museum presented by Payne, Cole, Simon, Goodmaster and Limp (2009). 
Their project prepared 3D PDF documents that could be viewed with Adobe Reader, 
although the project considered other 3D viewers, such as VRML, but decided against 
them, since they could restrict access if the user did not download the required plug-ins.  

Several other museums have also taken steps to make 3D models of their collections 
and archives in order to make them more accessible to a wider audience. The online 3D 
art exhibition of the Berlin Gallery Weekend in 2012 that was developed with the art 
galleries of Berlin could be accessed through realXtend Tundra and a web browser. This 
virtual gallery allowed the users to visit virtual show rooms, share information with 
other users and contact gallery owners. (iED Europe, 2012.) Isler, Wilson and Bajcsy 
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(2006) have built a system for visualizing native Californian baskets from the Phoebe A. 
Hearst Museum of Anthropology by creating 3D models of the collection. These models 
can then be exhibited in a virtual museum, since space limitations prevent the museum 
from displaying the actual 9,000 baskets. The Virtual Museum of Canada 
(http://www.virtualmuseum.ca) was launched in 2001 with six exhibitions, one of which 
was Inuit3D, an exhibition that displayed Inuit art and history and allowed visitors to 
interactively examine digital models from the museum's collection. Corcoran et al. 
(2002) describe producing Inuit3D by using VRML and QuickTime. The authors had to 
take bandwidth, browser differences and plug-in requirements into account while 
developing the system, and to occasionally choose between the visual quality and 
download times, which may have resulted in using less desirable solutions. The 
majority of the users found the site of superior quality, although some commented on 
the advanced technological requirements. (Corcoran et al., 2002.) 

2.2.2 Education and science 

Virtual worlds and other 3D applications have been used in training and education for 
several purposes and there have been plans to provide interactive 3D graphics through 
the Internet for educational purposes as soon as this became technologically feasible 
(Robertson, Johnston & Nip, 1995). According to Chittaro and Ranon (2007b), these 
systems have been associated with high costs and scarce availability, and using 3D web 
technologies, such as VRML and X3D, would allow building virtual worlds that are 
available through a browser on low-cost personal computers. Livingstone and Kemp 
(2008) describe using one such web-based Virtual Learning Environment (VLE), 
Sloodle, which is based on Second Life and Moodle, an open source VLE. The VLE 
developed by the authors contains a virtual 3D classroom accessible through a web 
browser and, as one of the features, a web-intercom for discussion. The designed setting 
allows the creation of educational games and simulations and lets the users create 
content, such as build 3D objects, and work in groups. The authors have positive testing 
experience from several events, where Sloodle has enabled broadening participation and 
recording the event for later viewing. (Livingstone & Kemp, 2008.) 

Beyond general education, 3D scenes and models are increasingly used in professional 
training, since the interactive web-based 3D environments enable immediate feedback 
and facilitate learning by providing more realistic contexts than 2D illustrations. 
Hamza-Lup et al. (2009) have developed several interactive simulators for facilitating 
the learning process. Their case studies involved engineering, medical sciences, physics 
and chemistry. In the studied cases HTML and X3D were used for the implementation 
of the 3D scenes, and an X3D plug-in was used for visualizing the 3D content in the 
browser. Hamza-Lup et al. (2009) noted that e.g. in engineering, virtual laboratories can 
be used instead of actual laboratories in case the institute in question does not have the 
necessary funds or space for them. With these virtual laboratories the students may test 
mechanical properties of materials and observe the 3D models during elongation and 
breaking processes. In addition, neural networks could be simulated with a 3D human 
model in medical training. (Hamza-Lup et al., 2009.)   

In scientific context, medicine and natural sciences in particular have benefited from the 
ability to display molecular and anatomical models over the web. Making models of 3D 
anatomic structures available to students and professionals via web applications 
facilitates understanding of visuospatial relationships better than using 2D illustrations. 
According to Temkin, Acosta, Hatfield, Onal and Tong (2002), The Visible Human 
Project of the National Library of Medicine has enabled the development of a web-
based anatomical training system, 3D Virtual Body Structures (W3D-VBS). The Visible 
Human web server allows access to a database containing over 1000 3D anatomic 
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models that can be used instead of or in addition to the traditional illustrations or 
dissections. W3D-VBS may be used to explore, visualize and manipulate realistic 3D 
virtual organs and connected body structures. The navigation system is based on HTML 
and Java applets, and user access to W3D-VBS is provided via a Java-enabled web 
browser. (Temkin et al., 2002.) A similar project by Evesque, Gerlach and Hersch 
(2002) allows the user to view the 3D models of the Visible Human Project via a Java 
1.1 applet with a custom 3D rendering engine.   

3D protein structures and chemical models are of great interest when designing 
biological experiments, such as structure-based discovery of inhibitors and enhancers, 
and for the development of different drugs. The University of California, Santa Cruz, 
Genome Browser Website provides a large publicly available database for examining 
the genomes of organisms. Rhead et al. (2010) present one of the provided features, the 
UCSF Chimera 3D protein structure viewer that runs as a browser application after it 
has been downloaded and installed. This tool allows the user to display selected 3D 
protein structures and different regions in the protein molecules.  

Gene expression data can be used for determining regulatory networks and different 
interactions on molecular level. 3D projections help visualizing this data and web-based 
applications have been developed for assisting separate laboratories in sharing their 
data, such as a web-based Java applet developed by Gerth and Vize (2005) that renders 
3D projections of gene or protein expression patterns.  

2.2.3 Commerce and public service 

Consumers, who have disabilities or limited time to do shopping, benefit from the 
ability to do their shopping online and many stores offer an online service. The increase 
in electronic commerce has brought the need to provide online catalogues where 
customers can familiarize themselves with the products. On most e-commerce websites 
the products are presented by text and 2D images, but as analyzed by Moritz (2010), 
some sites may offer 3D models so that the customer can get a more realistic picture of 
the product. The main purpose of 3D product models is to present every angle of the 
product, but many of the products may also benefit from interactive behavior, such as 
trying out some of the functions (Yoon, Laffey & Oh, 2008; Moritz, 2010).  

Besides product models, 3D graphics can be applied into creating virtual shops. 
According to Shin and Shin (2011), the customers' attitudes towards 3D virtual malls 
are affected by the perceived security and trust, which influence the user acceptance of 
these shops. Buffa and Lafon (2000) discuss the benefits a 3D virtual shopping center 
would provide for the customer, such as saving time and giving a better view of the 
product. For the trader this system would also give a wider audience without the need to 
spend time and money on the construction of a real building. One such virtual store is 
the online grocery shopping system Easy Grocery presented by Somerville, Stuart and 
Barlow (2006) that uses a 3D system as an interface. The user can navigate through 
store aisles, look at shelves, and select products, as if they were in an actual store. The 
system presented by the authors can be rearranged to follow the layout of the user's 
local supermarket, which helps the user to find the necessary items based on their prior 
knowledge and familiarity with the layout. (Somerville et al., 2006.) 

Although 3D shops have been planned for several years, attempts at virtual malls have 
often failed in practice. Collier (2008) presents one such shop, Boo.com, a clothing e-
tailer that was launched in 1999 and failed due to poor planning. According to the 
author the site gained a poor reputation after the customers became frustrated with the 
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experience and the website slowed down shopping instead of facilitating it, underlining 
the importance of keeping the virtual shopping simple.  

Many services, such as urban planning, construction, travel and tourism, rely on 
geographic and environmental data and web services have created new possibilities for 
gaining and sharing up-to-date information. This data can be presented in 3D form by 
interactive map applications, city models and virtual globe software (Rakkolainen & 
Vainio, 2001; Sheppard & Cizek, 2009). One of the best-known virtual globe systems is 
Google Earth, a virtual globe that shows 3D views of buildings and terrain and can be 
downloaded for free or embedded on web pages with the Google Earth plug-in. The 
buildings on Google Earth are based on user-generated data and they are constructed by 
creating 3D models, which are textured with photographs of the original buildings. 
Keyhole Markup Language (KML), a programming language based on the XML 
standard, is used for displaying the geographic data in Google Earth and Google Maps. 
(Google Developers, 2014.)  

Some of the benefits that virtual globe systems such as Google Earth offer are the 
accessibility and interactivity of landscape visualization, and the possibility to visualize 
research results. However, letting the public create content may increase the likelihood 
of mistakes and attempts to mislead other users. (Sheppard & Cizek, 2009.) 3D city 
models can benefit tourists, visitors and local population. A virtual tour of the 
monumental complex Piazza dei Miracoli in Pisa was launched when the leaning Tower 
was reopened in 2001. This tour consisted of navigable 3D models that could be viewed 
on the project website, which was visited successfully by hundreds of people daily. 
(Carrozzino, Brogi, Tecchia & Bergamasco, 2005; see figure 6.) 

 

Figure 6. 3D tour of the Piazza dei Miracoli.  
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2.3 Usability of 3D interfaces and web pages  

Although 3D web technologies have improved during the recent years and several 3D 
interfaces and web applications have been developed, their use or integration into web 
pages has not been studied much. Moreover, even if 3D applications have been 
previously studied and developed, it is unclear whether the users have accepted them 
into long-term or common use, or if they were eventually abandoned in favour of 2D 
alternatives. According to Balakrishnan (2006) there are several hypotheses for the lack 
of interest in 3D interfaces that may be causes for the slow adaptation: the research into 
3D interfaces could be poor and not worth adopting by the broader community, the 
researchers could have failed to convince the industry of the value of 3D interface 
technology, 2D interfaces could simply be better for most, if not all tasks, or there could 
be technological hurdles to overcome before the 3D interfaces can gain wider 
acceptance. 

There are some benefits that have been connected to 3D interfaces. According to 
Bowman, Kruijff, LaViola and Poupyrev (2011), 3D interaction is considered intuitive 
due to the sense of physical environment, but the design of 3D user interfaces and 
interaction techniques faces several challenges. Many of the more complex current 
applications may be difficult to design and evaluate, which may lead to poor usability. 
Usability can be defined to include everything about a user interface and a person that 
affects the said person's use of the interface. (Bowman et al., 2011.) Still, according to 
Sebrechts, Vasilakis, Miller, Cugini and Laskowski (1999), 3D interfaces are not 
necessarily as intuitively functional as their 2D counterparts. When comparing textual, 
2D and 3D interfaces in information seeking tasks, the authors found that 3D 
visualization resulted in a comparable performance result with textual and 2D versions 
only in some tasks, although with experience the users improved their performance with 
the 3D interface.  

With the increasing number of mobile devices, 3D applications for these devices have 
become more common as well and many 3D based applications available for tablets use 
a combination of 2D and 3D controls for user interactions. When studying these 
interfaces, some design guidelines have been suggested by Salo, Arhippainen and 
Hickey (2012) for hybrid 2D/3D interfaces, such as placing an easily identifiable 
control in a logical location, avoiding the use of 2D icons in 3D space, using simple 
icons in the overlay not too close to one another and minimizing the amount of icons. 
The interactive 3D elements should also be indicated visually, for example by a glow 
effect, so that the users can distinguish them from the other elements (Pakanen, 
Arhippainen, Hickey & Karhu, 2013). 

As virtual reality and other 3D applications are becoming more common, several issues 
concerning the usability and design of 3D web pages have to be taken into account if 3D 
web pages are expected to continue to rise in popularity. The Technology Acceptance 
Model, which was developed in order to understand factors that facilitate user adoption, 
includes perceived ease of use and perceived usefulness as factors that influence the 
intention to use a given technology. (Davis, Bagozzi & Warshaw, 1989.)  

There are several guidelines for web design in general, but 3D web pages raise new 
usability issues. These web pages often consist of the main page and the 3D application 
contained within it, leading to combined 2D/3D interfaces. In general, integrating 
animated 3D elements on web pages requires easy installation, good visual quality, fast 
download times, easy web integration and real-time interactivity. (Lau et al., 2003.) 
Since web applications use web browsers as user interfaces, they do not necessarily 
demand the same features as desktop applications. Chourio, Luengo and Pirela (2011) 
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and Luengo, Contreras, Leal and Iglesias (2007) list certain characteristics that 
determine the functionality of 3D web applications: 

 The applications should run on any platform and be independent on hardware. 

 Client should not be required to install software in order to run the  
  applications. 

 Graphic capability to create 3D virtual environments. 

 Allows interaction and sharing a common environment among several users.  

 The application should be highly interactive and offer the user easy control. 

 Application is not only embedded in the web page, but it also interacts with 
  the other web page contents.  

3D web applications may sacrifice some of these properties in order to take advantage 
of the client's hardware capabilities and require installation. These applications tend to 
be independent from the rest of the web page content and the interaction does not affect 
the rest of the page. (Chourio et al., 2011.)  

Kerr, Griffiths and Bayon (1999) describe points that are important to 3D web design, 
especially in virtual realities. If the virtual reality allows the user to change locations, 
the entrance and exit points should be clearly marked so that the user doesn't have to 
search for them. Any used metaphors and signs should also be kept familiar and easily 
recognizable. Since overcomplicated sites are slow to render, information should rather 
be displayed as text than as graphics to minimize loading and needed bandwidth. 
According to Kerr et al. (1999), Internet is popular due to the ease all users can access 
information by clicking hyperlinks and if the 3D interface would require the users to use 
plenty of time while trying to find the necessary links, they would become frustrated. 
The authors present that some kind of navigation system would also be necessary in 
order to prevent the users from losing their way in the virtual reality. 

2.3.1 Usability of 3D web presentations 

As electronic commerce has increased, merchants have attempted to stand out by 
turning to 3D presentations, which have some advantages over other media, such as the 
better ability to facilitate information processing. Edwards and Gangadharbatla (2001) 
present that despite these advantages, part of the favourable attitudes towards 3D 
product presentations may result from the novelty of interacting with 3D models. As the 
users become more familiar with 3D product presentations, the likelihood of purchasing 
such products might decrease, as the novelty wears off. Thus, when the mode of 
presentation is no longer novel, the presented information will have a greater effect on 
the attitude towards the product and purchase intention. Nevertheless, the authors found 
in their study that both subjects that were familiar with 3D product presentations and 
subjects that weren't familiar with them before the experiment were likely to view them 
in the future, indicating that they found the experience equally pleasing and novelty may 
not be a great risk. (Edwards & Gangadharbatla, 2001.)  

Since one of the disadvantages of online shopping is the lack of physical presence of the 
products, shopping websites try to accommodate this lack by using different realistic 
product presentations. Yoon et al. (2008) studied the perceived ease of use and 
perceived usefulness of web-based 2D and 3D furniture showrooms and found that the 
users perceived interactive 3D graphics as more useful than 2D graphics, finding 3D 
also to be the superior form for product examination. Ozok and Komlodi (2009) found 
that 3D representations were considered easier to use and more accurate than 2D 
representations and the users were in general more satisfied with them, making the 
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authors conclude that the users would be open to the idea of using 3D representations on 
shopping websites.  

Moritz (2010) compared the usability of 3D product presentations with 2D presentations 
and evaluated which kind of 3D product presentations were an advantage. The tests 
included 2D presentations, Pseudo-3D 360° views1 and 3D presentations of consumer 
electronics, clothes and kitchens on several shopping websites. Photographs and 360° 
views were classified as the best options for clothing and the 3D model was not 
considered a replacement for the other presentations. The majority of the test users 
would also rather not use 3D presentations if it meant revealing too much about 
themselves. In general, 3D presentations were not considered useful as sole 
presentations, because they show only a computer-animated copy, but they seemed 
sensible for products that could be manipulated somehow. 360° views were considered 
a positive alternative for objects that could be turned around, but not for panoramic 
rooms. (Moritz, 2010.) 

2.3.2 The future of 3D Internet 

The current 2D form of Internet is a familiar and sufficient form of medium for most 
users, but transition to 3D Internet is expected in the future and several new 3D 
platforms, such as realXtend, are under development in order to expand the use of 
online virtual worlds and in some cases to integrate the virtual worlds to web browsers 
without plug-ins. Dahl, Koskela, Hickey and Vatjus-Anttila (2013) present one such 
WebGL-based web client that works on browsers supporting WebGL and was 
developed by utilizing realXtend Tundra. Their client has been found to perform well on 
a desktop PC, although on a mobile device the performance was somewhat poorer in the 
terms of processing time and frame rate.  

Alpcan, Bauckhage and Kotsovinos (2007) argue that since 3D Internet provides an 
environment resembling the physical world, there is no need to limit our experience to 
the 2D pages and to the way Internet is currently organized as a mesh of interconnected 
documents. A better alternative would be to organize data by the 3D world way of 
navigating, where documents could be found by remembering their spatial relationships. 
The authors propose a 3D Internet architecture that is based on networking and 
distributed computing that takes advantage of ID/avatar servers and world servers. 
Clients can then access the system through browser-like viewer programs running on 
their computers. The authors believe that Internet has an opportunity to evolve towards 
a more versatile and usable 3D version, since the currently emerging 3D applications, 
more powerful GPUs and the changing demographics of Internet users provide the basis 
for the evolution. (Alpcan et al., 2007.) 

The next generation of Internet interfaces is predicted to be based on the 3D metaverse 
and integrated with the current web pages and applications. The new forms of 3D 
content, the increase in the quantity of user generated multimedia and the number of 
mobile users will form a challenge to the future of Internet, and the European Union has 
funded research initiatives on the future development of Internet technology. Among the 
different programmes and projects funded by the European Union and European 

                                                 

 

1 Pseudo-3D is also known as 2½D. The applications can be e.g. QuicktimeVR movies or real-time 3D 
applications. 
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Commission are such programmes as the Seventh Framework Programme (FP7) and 
Future Internet Public Private Partnership Programme (FI-PPP). The FI-WARE project 
has been introduced in order to provide an open and public platform for the Future 
Internet (FI) service infrastructures, based on the service delivery framework, cloud 
hosting and IoT enablement. The platform should make it easier to develop web-based 
interfaces that support 3D. (FI-WARE, 2011.) 

As a part of the European Future Internet program, Daras and Alvarez (2009) discuss 
the characteristics of the Future Media 3D Internet (FM3DI) and present that the content 
should be intelligent, 3D and haptic, interactive for all different terminals, real-time, 
cross-modal and open for public. If the Internet is to become a virtual environment that 
facilitates services and communication, the content and the delivery of the content 
should receive the main attention. The authors present that the FM3DI will include 
interactive autonomous characters that are able to participate in 3D social communities 
in order to interact with each other and be engaged in personalized entertainment. This 
would require higher bandwidth coupled to new traffic patterns, content adaptation, 
models of content distribution and network management mechanisms. (Daras & 
Alvarez, 2009.)  
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3. Research methods 

The aim of this study was to analyze with content analysis how widespread the use of 
3D interface elements and applications is currently on websites, both in general and on 
certain subsections, and the purpose of these 3D elements. Random samples of 100 
websites were selected for this purpose and their content was analyzed by concentrating 
on certain characteristics of the found 3D elements, such as the technological features 
that according to the literature may hinder the wider acceptance of these elements 
(Ortiz, 2010; Chourio et al., 2011).  

3.1 Content analysis 

Content analysis is a qualitative research technique that is used in several research 
disciplines in order to examine different content through outside observation. 
Krippendorff (1980) has identified four advantages for using content analysis: the 
method is unobtrusive, flexible, accepts unstructured material and can cope with large 
volumes of data. According to McMillan (2000), the last point is particularly beneficial 
in web analysis and the content analysis techniques can be applied to the World Wide 
Web setting.  

Content analysis has been a popular method for analysing newspapers, radio and 
television, but it has previously also been used to assess several widely different 
features and characteristics on websites, including the integration capabilities of retail 
websites (Steinfield, Adelaar & Liu, 2005), the design and interaction capabilities of 
museum websites (Saiki & Robbins, 2008; Saiki, 2010), interactivity in online 
newspapers (Hashim, Hasan & Sinnapan, 2007), capabilities of mortgage websites 
(Paynter, Lu & Everett, 2003), performance of fashion websites (Hui & Paynter, 2005), 
accessibility of health information websites (Petch, 2004) and environmental reporting 
(Jose & Lee, 2007). The methodology has also been used in order to examine the 
influence of cultural values on website design (Ahmed, Mouratidis & Preston, 2008), to 
assess online marketing (Adam & Featherstone, 2007) and to analyze usability issues in 
tourism websites (Zhou & DeSantis, 2005). Although the previous studies have 
involved text and 2D imagery instead of 3D elements, the same principles of content 
analysis could be used in this study. 

One of the factors affecting the use of content analysis on websites is the complexity of 
the material. According to Ha and James (1998), websites vary greatly in size and with 
the websites sometimes comprising of thousands of pages, a portion of the site, i.e. the 
unit of analysis, must be chosen for analysis. Since analysing the entire site is time-
consuming, the unit of analysis should be chosen so that it will provide enough 
information without being overwhelming. Ha and James (1998) view the homepage as 
an adequate unit of analysis, whereas Okazaki and Rivas (2002) state that the 
homepages do not always offer enough information or details. Previous studies have 
included as the unit of analysis the homepage (Ahmed et al., 2008; Bates & Lu, 1997; 
Hashim et al., 2007), the homepage plus a limited amount of linked pages (Petch, 2004) 
and all pages found at each given website (Jose & Lee, 2007; Paynter et al., 2003; 
Steinfield et al., 2005; Zhou & DeSantis, 2005). 
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Besides defining the unit of analysis, choosing the method of sampling can be 
challenging, since there is no standardized method of sampling web-based content 
(Jones, 1999). Selecting the sample affects how the results can be generalized, and since 
web sites are constantly under change (new ones are created or deleted and their content 
changes), according to Bates and Lu (1997) selecting a true random sample may be 
extremely hard. In the previous studies the material sample has usually been selected 
from different directories or databases (Bates & Lu, 1997; Paynter et al., 2003; 
Steinfield et al., 2005; Zhou & DeSantis, 2005) or by the researcher (Ahmed et al., 
2008; Hashim et al., 2007; Hui & Paynter, 2005; Jose & Lee, 2007; Petch, 2004). The 
samples have ranged from less than ten websites (Ahmed et al., 2008; Petch, 2004), to 
less than one hundred websites (Hashim et al., 2007; Hui & Paynter, 2005; Paynter et 
al., 2003; Zhou & DeSantis, 2005) and to almost a thousand websites (Steinfield et al., 
2005). 

Content analysis was chosen as an analysis technique for this study, since the aim was 
to analyze the presence and characteristics of 3D features on the websites. The analysis 
procedures introduced by McMillan (2000), namely selecting the sample, defining the 
unit of analysis, gathering material and coding the results, were followed in the study 
and the methodology for analyzing the websites was based on these principles. 

3.2 Material 

For selecting the sample, Alexa (http://www.alexa.com) was used as a starting point for 
choosing the material for the analysis. The information company measures websites' 
traffic and provides free web metrics that include the website's traffic rank relative to 
other sites. From the provided lists of most popular websites 100 were chosen as a 
random selection of websites (general or from a certain field, 500 total) on the 
assumption that the more visited and larger sites usually generate more content. Since 
the rankings change daily, the selection would be more random than when selected by 
the researcher.  

A sample of 100 websites was selected from the following categories: globally most 
popular websites, most popular Finnish websites, commercial websites, science and 
entertainment. The first two categories were selected in order to compare any 
differences between global and Finnish 3D web use and the other three categories were 
selected based on previous prevalence of 3D elements in these categories, and all of 
these categories being present in the Alexa listings. 100 websites were selected for each 
category so that the sample would be sufficiently comprehensive, while still being 
possible to analyze within a realistic timeframe. Some of the originally chosen websites 
were a malware threat according to the antivirus scan, in which cases the website in 
question was disregarded and replaced with the next one from the ranking lists. 

All of the analyzed websites have been listed in appendix A. The globally most popular 
websites included e.g. search engines, auction sites, community websites and company 
websites, and the most popular Finnish websites included e.g. banks, magazines, 
government websites, companies and commercial websites, communities, and 
universities. The commercial websites included e.g. general shopping sites, websites 
selling electronics, hunting and fishing equipment, books, clothes or food, upper scale 
fashion websites and websites for home and interior design. The websites related to 
science included e.g. news portals, government websites, scientific magazines, 
translation and calculation tools, digital libraries, statistic websites, weather forecast and 
meteorology websites, and institutes. Entertainment websites covered e.g. magazines, 
news, video streaming, games, reviews, TV channels and comics. 
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3.3 Content analysis methodology 

The unit of analysis was defined, and for the purposes of this study homepages were 
found to be an inadequate unit of analysis due to the limited content, which doesn't 
represent the whole website. Instead the whole website was included as the unit of 
analysis, where possible. All of the studied websites were first analyzed visually by 
going through all the subpages of the website. Some of the analyzed sites were 
community based or had other content posted by the users and in these cases the user 
content was not analyzed, only the interface of the main site and the pages where the 
content was created by the service provider, due to the fact that it would not be possible 
to go through all of the user content. In addition, terms related to 3D applications, such 
as "3D" and "virtual", were searched from the contents of the non-community websites 
by using a search engine in order to find all content related to the subject. 

The websites that had 3D content were accessed with four common web browsers 
(Internet Explorer 9, Firefox 22, Chrome 29 and Safari 5.1.7 for Windows) in order to 
determine whether the used technology was working in all browsers properly, i.e. cross-
platform compatibility. In the case of gaming sites with hundreds of games, a smaller 
random sample (at least 10) of the 3D games was accessed in order to determine the 3D 
technologies most commonly used for creating the games for that particular website.  

All of the selected websites were accessed and coded for the use of 3D elements and 
applications by noting down 3D elements (present/not present) and the select features of 
the found elements. Among the coded features were the purpose of the 3D elements and 
the used 3D technology. Since the future acceptance of 3D web and the functionality of 
3D applications are considered to be dependent on technological standardization, their 
ability to run on different platforms, ease of installation and/or not having to install any 
software (Chourio et al., 2011; Lau et al., 2003; Ortiz, 2010), browser dependency was 
determined along with the used technology, necessary plug-ins or required software. 

The found 3D elements were divided into three categories by their purpose and 
function: separate applications, interface (navigation and information) elements, and 
product demos and models in order to establish the criteria for evaluating the websites. 
Separate applications fulfilled a certain purpose, such as design programs and games, 
and were a restricted part of the main web page that did not interact with the other 
elements on the page or alternatively opened into a new window or page. They 
consisted of a virtual 3D space that could contain one or more models, which could 
somehow be manipulated. Product demos and models were intended to demonstrate a 
certain technology, object or product, and their function was usually limited to a single 
3D model that could be rotated or otherwise manipulated. Interface elements were 
integrated main interface components that displayed information or allowed the user to 
navigate the page. 

For the purposes of this study, 360° panoramas built from photographs were not 
considered full 3D (Moritz, 2010), unless the photographs were utilized in order to 
texture a 3D model that could be viewed from all angles. Any 3D animations, which 
were embedded as e.g. Youtube videos and in which the 3D elements were not 
interactive in any way, were not taken into consideration. The 3D elements were taken 
into consideration, if they were in any way embedded into the main page and were used 
through the web browser. Any applications that needed to be downloaded separately 
and functioned outside the webpage were not considered webpage elements. Any 
possible external advertisements were not taken into account during the analysis nor 
were any possible sections of the site that demanded a paid subscription for access, 
limiting this study to the free content available from the service provider of the analyzed 
website.  
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4. Results 

Random popular websites were chosen for the analysis on the use of 3D elements by 
using the Alexa rankings, and 100 sites were chosen from each of the following 
categories: the most popular websites globally, the most popular websites in Finland, 
shopping and commercial websites, science and education related websites, and 
entertainment websites. The results on the purpose of the 3D elements and the used 
technologies are presented in this chapter. 

4.1 Global 

The majority of the analyzed 100 globally most popular websites were fairly simple in 
design, and many were mostly text-based and did not have a complex visual design. 
Three (3 %) of the analyzed websites, specifically Microsoft 
(http://www.microsoft.com), Adobe (http://www.adobe.com) and Google 
(http://www.google.com), used 3D technologies on their websites (see table 1 for the 
results).  

Microsoft's website included an interactive demonstration on the perspective 3D 
graphics of Silverlight that allowed the user to rotate a 3D model in virtual space. 
Adobe's website had small demo games on the 3D capabilities of Shockwave, allowing 
the user to move an object on the screen and to perform some simple actions. Google 
Earth, which is downloaded as a separate application and installed on the user's 
computer, was not included on the Google website for other purposes besides 
interactive demos on the use of the program and the plug-in, allowing the user to view 
landscapes and 3D buildings. In all three cases, the developer of the technology in 
question was using it in demonstrations.  

Microsoft's website also included some tutorials and demos on programming with CSS 
3D and JavaScript by utilizing the HTML Canvas element, but none of them were in use 
as anything beyond educational examples, where a simple object could be rotated. 
Adobe and Google made other references to 3D technologies on their websites, but in 
these cases the actual 3D content was on an external website and was not taken into 
consideration during the analysis. Google linked to demonstrations created with WebGL 
and to a 3D modelling tool, SketchUp, and Adobe discussed using Adobe Flash and 
Stage3D for 3D programming, although the demonstrations were on a different website. 
In addition, user created content on some of the sites, such as eBay 
(http://www.ebay.com), contained 3D applications from external sources, although the 
interfaces of the actual main sites did not have any.  

Most of the studied 3D elements worked on the used platforms. The Silverlight demo on 
Microsoft's site worked in all four used browsers after the browser had the Silverlight 
plug-in installed, as did the Shockwave demos on Adobe's site after the Shockwave 
plug-in had been installed (although the view was somewhat stretched on Chrome). The 
Google Earth demos worked in all browsers, except Safari, which did not support the 
Google Earth plug-in required for the viewing of the demos. The CSS demos worked on 
Firefox, Chrome and Safari (with -webkit add), but did not work on IE, and the Canvas 
demos worked on all four browsers (see table 1 for summary on the used technologies). 
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Table 1. The use of 3D on the globally popular websites. 

Use of 3D (number of sites 
using) 

No 3D 97 

3D 3 

Purpose of the 3D use (number 
of sites containing) 

Separate applications 0 

Models and demos 3 

Interface elements 0 

Used 3D technology (number 
of sites using) 

Shockwave 1 

CSS 1 

Silverlight 1 

JavaScript 1  

HTML5 1 

Google Earth 1 

 

4.2 Finland 

As with the globally popular sites, 3D elements were not used commonly on the chosen 
100 domains that were popular in Finland. Of the 100 analyzed sites, only two (2 %) 
had 3D elements (see table 2 at the end of the chapter for the results), namely the 
websites for the National Lottery of Finland, Veikkaus (http://www.veikkaus.fi), and the 
Internet service provider and mobile phone operator Saunalahti 
(http://www.saunalahti.fi). In both of these cases the 3D elements were interface 
elements for navigation and displaying information. 

On Saunalahti.fi the 3D element in question was not used in a directly interactive way, 
meaning that the user could manipulate the element through another button, not through 
the element itself. Pressing a separate button changed the price of the product that was 
chosen for purchase, giving the appearance that the numbers were flipping over their 
axis (see figure 7). This animation was implemented by using the CSS function 
transform: rotateX. The 3D animation effect worked in Firefox and Safari, when tested, 
but not in Chrome or Internet Explorer. 

 

Figure 7. Css transforms on saunalahti.fi.  

The 3D interface element on the website of Veikkaus for choosing lottery tickets was 
created by using Flash. This element was designed to look like a carousel that spins 
around when the user chooses to move forward or backward. The user could move the 
carousel either by pressing the arrows or by dragging images in the carousel (see figure 
8). The 3D animation and the carousel function worked in all four tested browsers that 
had the Flash Player plug-in installed. 
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Figure 8. 3D Flash carousel on veikkaus.fi.  

The virtual tours on the studied websites, such as on the website of University of Turku 
(http://www.utu.fi), did not contain 3D elements, but were instead created by panoramic 
360° photography. Any available product demonstrations were limited to 2D imagery 
and videos. 

Table 2. The use of 3D on the websites popular in Finland. 

Use of 3D (number of sites 
using) 

No 3D 98 

3D 2 

Purpose of 3D use (number of 
sites containing) 

Separate applications 0 

Models and demos 0 

Interface elements 2 

Used 3D technology (number 
of sites using) 

Flash 1 

CSS 1 

 

4.3 Commerce 

Five (5 %) of the most popular shopping websites used 3D in different design 
applications and in product models and demonstrations (see table 3 at the end of the 
section for the results). Separate 3D design and planning applications were included on 
three sites, all of which were furniture and interior design stores: IKEA 
(http://www.ikea.com), The Home Depot (http://www.homedepot.com), and Lowe's 
(http://www.lowes.com). 3D product models and demos were available on two sites: 
B&H Photo, Video & Pro Audio electronics store (http://www.Bhphotovideo.com) and 
Micromax, an Indian mobile telephone manufacturer (http://www.micromaxinfo.com). 

IKEA offered three different 3D interior design applications: Office planner and Bestå 
furniture design program (both Flash applications), and IKEA Kitchen Planner design 
program that required a 20-20 Technologies 3D Viewer plug-in. The viewer is by 20-20 
Technologies, a company that provides a commercial 3D virtual planner application for 
home and office retailers (http://www.2020technologies.com).  
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The Office planner application allowed the user to create new furniture objects from a 
list of items for sale, to place them on the screen and then to view them from different 
angles. In some cases the properties of the items, such as colour or material, could be 
changed as well. The furniture plans could be saved or printed and the previously saved 
plans opened again. The application did not offer continuous transition when viewing 
and rotating the objects, since only certain predetermined angles were available for 
viewing. The Bestå furniture design program had the same functions as the Office 
planner, but allowed the objects to be rotated completely and viewed from all angles. 
The applications worked on all four browsers. 

IKEA's Home Planner was similar to the previous applications in function, but the 
rendering was more detailed. The user could design a kitchen by using premade floor 
plans and furniture selections or by building the whole kitchen from the start. The Home 
Planner worked on Firefox, Internet Explorer and Chrome. Safari was not supported by 
the 20-20 plug-in in Windows, only in Mac OS X. The Virtual Room Designer on 
Lowe's website used the same 20-20 technology and virtual design platform as IKEA's 
Home Planner (see figure 9). Although both sites used the same technology, a separate 
plug-in needed to be downloaded for each design program. In addition, 2014 IKEA 
catalogue will have a 3D function for the IKEA application limited to smartphones and 
tablets. This Augmented Reality function will allow users to see what different 3D 
product models would look like in their room by using their mobile phone camera.  

 

Figure 9. Virtual Room Designer on Lowe's website.  

The Home Depot design application could be used to design outdoor properties, such as 
fences, decks and garages, by selecting the necessary items and building materials from 
a list. The application required the use of Windows and Internet Explorer and installing 
the Big Hammer Security Certificate plug-in (http://www.bighammer.com). The plug-in 
was not available for other browsers or for Mac. Unlike on the other websites, the user 
was asked to fill out some personal information before the website allowed access to the 
application and register for accessing all of the features. The program was more 
complex than the other design programs, allowing for example the user to remove layers 
and change the location of the light source so that the structures could be viewed in a 
different light. The user could also choose the render type from OpenGL and Direct3D. 
All of the aforementioned design programs consisted of a 3D virtual space, where the 
models could be viewed, moved and manipulated and the rest of the interface was 
limited to 2D elements (see figure 9). 
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The website of B&H Photo, Video & Pro Audio electronics store contained interactive 
Flash 3D models of products that could be viewed on the product page. The models 
were premade by Maybe3D (http://www.maybe3D.com), a company that specializes on 
building 3D models of electronics for web stores. The user could rotate the models by 
clicking and dragging, and the model allowed the user to see information on the 
different functions of the product in question (see figure 10). The product demos 
worked on all four browsers. 

 

Figure 10. Interactive 3D camera model on bphotovideo.com.  

On Micromax's website (http://www.micromaxinfo.com) a product demo used 
JavaScript and jQuery library for creating a rotating 3D carousel that replicated the user 
interface of an A115 Canvas 3D mobile phone. As with the previous carousel, the user 
could move the pictures by dragging them. The demo worked properly on Firefox and 
worked with slight errors in picture placement on Safari, but on Internet Explorer the 
carousel did not load and the images got stuck. On Chrome the 3D animation did not 
work properly, since the images did not rotate, but instead just stretched and flipped 
over (see figure 11). 

 

Figure 11. 3D carousel on micromaxinfo.com viewed on: A. Firefox, B. Safari, C. Chrome, D. 
Internet Explorer.  
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Regular photographs, videos and panoramic 360° views were more common than 3D 
models for product demos among the studied websites. In the 360° demos the object has 
been photographed around one axis in all 360 degrees. The user can change the 
viewpoint to view the photographed parts, but not turn the object or viewpoint in other 
angles, and there is no interactivity besides changing the viewing angle. 

Table 3. The use of 3D on the popular commercial websites. 

Use of 3D (number of sites 

using) 

No 3D 95 

3D 5 

Purpose of 3D use  (number of 

sites containing) 

Separate applications 3 

Models and demos 2 

Interface elements 0 

Used 3D technology (number 
of sites using) 

Flash 2 

JavaScript 1 

20-20 3D Viewer 2 

Big Hammer Design Software 1 

 

4.4 Science and education 

Seven (7 %) of the studied science and education related websites used 3D elements in 
order to demonstrate research results and provide other educational content, such as 
games, equipment models and simulations. 3D models and product demonstrations were 
included on three websites, separate applications were used on five websites and none 
of the studied websites used 3D elements as navigation elements (see table 4 at the end 
of the section for the results). 

Games were included on three websites, namely the National Geographic website 
(http://ww.nationalgeographic.com), which had virtual world Flash games on Arctic and 
Antarctica containing 3D animation. These games worked on all tested browsers with 
the Flash plug-in. Two of the websites, the Jet Propulsion Laboratory of California 
Institute of Technology (http://jpl.nasa.gov) and the United States National Park 
Service, had games created with the Unity3D game engine. The Jet Propulsion 
Laboratory website had a beta version of "Explore Mars: Curiosity", a 3D application, 
which allows the user to drive the Mars Rover (see figure 12). The National Park 
Service website (http://www.nps.gov) included a 3D game "Hold the Fort" that was 
developed by the Fort McHenry National Monument and Historic Shrine in order to 
educate visitors on the role Fort McHenry had during the Battle of Baltimore. Both of 
the Unity3D applications worked on all four tested browsers after installing the Unity3D 
plug-in. All of the games consisted of a 3D world, where the user could control a game 
avatar and interact with the surroundings, and 2D control and information panels (as 
presented in figure 12). 

The Jet Propulsion Laboratory's website had other 3D applications as well, including 
Nasa's Eyes on the Earth, a Java launched Unity3D application. The application showed 
a 3D model of Earth similar to Google Earth that included information on the planet and 
on the satellites orbiting the planet. The user could view information on the air 
temperature, ozone, water, etc. According to the website, the future version of the 
application will not demand Java and will instead be downloaded and installed on the 
user's computer for faster loading and better stability. The current version worked on 
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Firefox, IE and Chrome, but not in Safari due to the lack of support for Java. A 3D 
Guide to the Galaxy was an interactive 3D presentation of the galaxy that was created 
solely with Java, and the application worked on the same browsers as the previous one. 
The user could use this application to view information on the solar system, our galaxy 
and the different galaxy types, and open new 3D models for the solar system. In these 
applications the models of the galaxy and the planets were presented in 3D and the rest 
of the interface and information boxes were in 2D. 

 

Figure 12. Mars rover.  

The Weather Underground Weather website (http://www.wunderground.com/) had an 
experimental project, 3D NEXRAD Radar, which showed radar images on a map. This 
project had no practical purpose at the moment and was mainly used as a demonstration. 
The project was created with Unity3D and the user could move on the map by using the 
first person shooter interface. The radar map worked in Firefox, Chrome, and Safari, but 
not in Internet Explorer. 

The National Oceanic and Atmospheric Administration (NOAA) of the United States 
Department of Commerce (http://www.noaa.gov) and the European Space Agency 
(ESA; http://www.esa.int/ESA) used the Google Earth plug-in for displaying 3D data on 
maps. The PMEL carbon program of NOAA used Google Earth plug-in for showing 
data on the CO2 levels in the oceans (see figure 13). ESA used the Google Earth plug-in 
to simulate, for example, orbits of spacecrafts around Earth. The virtual globe was 
presented in 3D, but all of the other control elements or information boxes were in 2D. 
The Google Earth simulations worked in Firefox, Chrome, and Internet Explorer, except 
for the NOAA application that did not load in IE. 

The European Space Agency website had other 3D elements besides the Google Earth 
applications, including 3D Flash models of spacecrafts, such as Hubble and Planck, and 
a 3D Java galaxy model, which allowed the user to choose different star clusters and 
nebulae for viewing and rotate the galaxy. All of these models worked in the tested 
browsers, except the Java model in Safari. In addition, the website had an Envisat 3D 
navigator application, which required installing Cosmo player as the VRML browser 
and using Internet Explorer. The application did not run on the testing platform due to 
undisclosed errors with the renderer. 
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Figure 13. Google Earth map on the NOAA website viewed on: A. Firefox, B. Safari, C. Chrome, 
D. Internet Explorer.  

The Wolfram Research software company (http://www.wolfram.com) had 3D demos 
for their technical computing software, Mathematica. These demos required the 
installation of a CDF (Computable Document Format) player plug-in, which allowed 
the user to view the necessary .nb and .nbp files. The demos consisted of mathematics, 
physics, engineering and life sciences related 3D models, which could be rotated, 
animated, stretched or manipulated by removing parts. Only the models were in 3D and 
the rest of the interface was in 2D. The demonstrations worked in all four browsers with 
the plug-in. 

In addition, some websites had included downloadable files, which could be viewed on 
Google Earth program installed on the user's computer instead of the Google Earth 
plug-in used by the previous websites. The United States Geological Survey 
(http://www.usgs.gov), for example, had prepared virtual 3D tours of past earthquakes 
and maps that displayed population densities and earthquake probabilities for the San 
Francisco and Bay Area.  

Some of the websites provided downloadable 3D applications, free or requiring 
purchase. The National Library of Medicine (http://www.ncbi.nlm.nih.gov) provided a 
free 3D viewer, Cn3D, created with C++ for viewing the structural database of proteins. 
This application was a separate program, which was not embedded into the protein 
information page, and the website only had download buttons for the 3D structural files. 
The installed viewer would then launch automatically to display these 3D files. 
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Some of the websites also still used a more old-fashioned form of 3D, namely anaglyph 
3D imagery that required the use of red-and-cyan stereo viewing glasses. These images 
consist of two differently coloured images that form a stereoscopic effect when viewed 
with correct filters for each eye. For example, the website of the United States 
Geological Survey presents several 3D photographic tours that feature the geology of 
national parks, historic photography and animals. 

 

Table 4. The use of 3D on the science and education related websites. 

Use of 3D (number of sites 
using) 

No 3D 93 

3D 7 

Purpose of 3D use  (number of 
sites containing) 

Separate applications 5 

Models and demos 3 

Interface elements 0 

Used 3D technology (number 

of sites using) 

Flash 2 

Google Earth 2 

Unity3D 3 

Java 2 

VRML 1 

Mathematica CDF Player 1 

 

4.5 Games and entertainment 

3D elements and applications were used on 17 (17 %) of the studied websites (see table 
5 at the end of the chapter for the summary). On thirteen websites the 3D applications 
were games. Seven of these websites were strictly gaming sites and the rest were TV 
channel and movie websites that also contained games as one of the features. The games 
were from all genres, such as adventure, car, sports, puzzle, action games etc., and the 
overwhelming majority were single-player games with an occasional multiplayer 
option. Flash was used as the 3D technology for the games on seven sites, Unity3D was 
used on seven and Shockwave was used on two sites. Games were usually controlled 
through the keyboard or mouse with no separate control buttons on the screen, leaving 
the view completely 3D. Flash was used more often for the less complex games and 
Unity3D for the more detailed rendering. Many of the sites offered downloadable 3D 
games (free or for purchase), but had no 3D content on the website. 

Besides in games, 3D elements were used on five websites in navigational elements, in 
a virtual tour and in two 3D models. Different 3D Flash carousels for choosing articles 
or games were used as navigational elements on two gaming sites, Pokémon and 
Ubisoft (http://www.pokemon.com, http://www.ubi.com). Although the graphic outlook 
was different, the general principle was the same as in figures 6 and 9, allowing the user 
to rotate the available images by dragging or by clicking arrows and to choose the 
desired one. 

The British Museum website (http://www.britishmuseum.org) had a virtual tour of the 
tomb-chapel of Nebamun, which could be viewed by dragging with the mouse or by 
using the arrow controls on the screen, although the tour did not offer continuous 
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transition and the user could only move from one preselected spot to another (see figure 
14). Additional information on different objects inside the building could be viewed 
from certain points. The view of the building was in 3D, but the controls and all of the 
information boxes were in 2D. The tour was created with Flash and it worked in all 
tested browsers, except Internet Explorer. 

 

Figure 14. Interactive 3D tour of the tomb-chapel of Nebamun. 

3D DNA model on the website of Public Broadcasting Service (PBS, 
http://www.pbs.org) allowed the user to rotate a three-dimensional DNA fragment and 
study it closer by removing parts of the molecule. The model could be rotated and 
moved with 2D control buttons and parts of the model could be removed. The model 
was created with Shockwave and it worked in all four tested browsers. The Museum of 
Science website (http://www.mos.org) contained a 3D Java model of a mummy that 
could be rotated with 2D control buttons or by dragging, measured and viewed for more 
detailed information. The model worked in all tested browsers, except Safari. 

Table 5. The use of 3D on the games and entertainment related websites. 

Use of 3D (number of sites 

using) 

No 3D 83 

3D 17 

Purpose of 3D use  (number of 

sites containing) 

Separate applications 13 

Models and demos 2 

Interface elements 2 

Used 3D technology (number 
of sites using) 

Flash 10 

Shockwave 3 

Unity3D 7 

Java 1 
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4.6 Summary 

3D elements or applications were not used commonly on the studied websites. As 
shown in figure 15, in most of the studied categories 3D elements were used on less 
than 10 % of the websites: 3 % of general global websites, 2 % of Finnish, 5 % of 
commercial, and 7 % of science and education related websites. Only games and 
entertainment related websites had a higher percentage of 3D usage: 17 %. The websites 
containing 3D elements were mostly related to gaming, interior design, mobile phone 
and Internet service providers, research organizations and museums.  

0

20

40

60

80

100

General Finnish Commerce Science Entertainment

%
 o

f 
w

e
b

s
it

e
s

No 3D

3D

 

Figure 15. 3D usage on the analyzed websites categorized by field. 

The global and Finnish categories containing general popular websites were mostly 
text-based and contained limited graphics. As seen in the figure 16 below, the separate 
3D applications could be divided into games, design programs, and educational and 
scientific applications. Among the studied websites, the general and Finnish categories 
did not contain such applications, but all of the 3D applications present on the 
commercial websites were design programs (contained by 3 % of the websites). Games 
were present on 3 % of science and education related websites and 13 % of 
entertainment websites, making the majority of the separate 3D applications games. 
Educational and scientific applications were present on 3 % of science and education 
related websites and 1 % of entertainment websites. One website could contain 3D 
applications for more than one purpose. 
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Figure 16. Purpose of the separate 3D applications on the analyzed websites. 
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Models and demonstrations could be divided into 3D models (of commercial products 
and other objects), product demos (on the use of 3D products) and technology demos 
(demonstrations on the use and functionality of 3D web technologies), as seen in figure 
17. Simple 3D models were present on 1 % of commercial and scientific websites, 
respectively, and 2 % of entertainment websites. Technology demos, in which the use of 
a particular 3D technology was demonstrated, usually by the creator or developer of the 
technology, were present on 3 % of the websites in general category and 1 % of science 
and education related websites. Product demos, where the functionality of a 3D product 
was demonstrated, were present on 1 % of commercial and scientific websites, 
respectively. In the majority of the cases the developer was demonstrating the use and 
functionality of their 3D technology or product. One website could contain 3D elements 
for more than one purpose. 
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Figure 17. Purpose of the models and demos on the analyzed websites. 

As seen in figure 18, interface elements could be divided into navigational and 
informational elements. These elements were not commonly used on the studied 
websites and none were present in general, commercial and scientific categories. 
Navigational elements were present on 1 % of Finnish websites and 2 % of 
entertainment websites, all of the elements being 3D carousels. Informational 3D 
elements were present only on one (1 %) Finnish website.  
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Figure 18. Purpose of the interface elements on the analyzed websites. 
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Thirteen different 3D technologies were used on the studied websites, and some of the 
technologies, particularly HTML5, Silverlight, VRML, Mathematica CDF Player and 
Big Hammer Design Software, were each used on only one website. As demonstrated in 
figure 19, out of the 500 studied websites, Flash was the most commonly used 3D 
technology (used on 15 websites), followed by Unity3D and Shockwave. One website 
could use more than one technology. 
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Figure 19. Number of websites using the 3D technology. 

The 3D technologies used for creating more common elements and applications, which 
were present on different websites for purposes not related to technology 
demonstrations, are presented in figure 20. Flash and Unity3D were the most commonly 
used technologies for building games, and Flash was the only technology used for 
navigational elements. Educational and scientific applications were created with several 
different technologies and no specific technology stood out. Shockwave was used for 
games and models and Google Earth only for scientific applications. Java was used for 
3D models and educational applications, and Flash for all purposes. Unity3D was used 
almost exclusively for games. The design programs were built with Flash or they used 
separate commercial 3D design and visualisation software that required their own plug-
ins. 
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Figure 20. 3D technologies used for creating elements and applications. 
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Most of the studied websites worked consistently on the tested web browsers, but there 
were some issues with the used 3D technologies. The majority of the used 3D 
technologies demanded the use of plug-ins and only three, JavaScript, HTML5 and 
CSS, could be used without installing any plug-ins or software. Nevertheless, the 3D 
JavaScript and CSS animations that were present on the studied websites did not 
function on all tested browsers. The required plug-ins or software were not in all cases 
available for all tested browsers. Safari could not display content created with Google 
Earth, Java and 20-20 Technologies design programs due to the necessary plug-ins not 
being available. One of the design programs, Home Depot (Big Hammer) design 
application, and the VRML Envisat 3D navigator were only available for Internet 
Explorer.  

None of the tested browsers could display all of the studied 3D content, although 
Firefox could display all except two applications available only to Internet Explorer. Put 
together, the 34 websites, that had 3D content, had 44 types of elements and 
applications executed with different technologies. Presented in the figure 21 below are 
the tested browsers and the amount of element and application types they could display 
without errors, Firefox being able to display the highest amount, 42 out of 44 (96 %). 
Safari was able to display the lowest amount, 32 out of 44 (75 %), mostly due to the 
lack of available plug-ins. 
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Figure 21. The displayed 3D content in the tested browsers. 

Even though the browsers could theoretically display the 3D content (no plug-ins were 
needed or the plug-ins were installed and available for the browser), some of the 
elements or applications could not be displayed or were displayed with errors. For 
example, Internet Explorer could not display one of the Google Earth applications or 
some Flash applications that the other browsers could. The amount of erroneously 
functioning 3D elements and applications per tested browser is presented in figure 22. 
Firefox could display without errors all of the content theoretically available for the 
browser, whereas Internet Explorer had problems with seven of the tested elements and 
applications that were theoretically available.  
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Figure 22. The erroneously displayed 3D content in the tested browsers. 
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5. Discussion 

Despite the interest in 3D interfaces and the development of new web technologies, the 
use of 3D web applications has gained popularity slowly and the results of this study 
show that the use of 3D is still very limited on the web. 3D elements were not used 
frequently on the studied websites, and in the general categories, both global and 
Finnish, less than 5 % of the websites contained such elements (3 % and 2 %, 
respectively) and even these were either demonstrations for 3D technologies or limited 
interface elements. Only a marginally larger fraction of commercial and scientific 
websites (5 % and 7 %, respectively) contained 3D applications, and the category with 
the highest frequency of 3D usage (17 %), entertainment and games, is the one 
traditionally utilizing it the most. Unlike the websites in the other categories that usually 
contained only one 3D application or element, gaming sites generally included several 
3D games, making the use of 3D in this category even more prevalent. Although a 
different sample could give different percentages, the current sample is comprehensive 
enough so that these results can be generalized to a larger selection in these categories 
for an understanding of how common the use of 3D elements is on the Internet and how 
these elements are currently used in different areas. 

There are likely several reasons for why 3D elements are not used on a wider scale, 
such as the possibility that websites simply have no need for them, or the fact that the 
elements are still slow to create. Balakrishnan (2006) presents several hypotheses for 
the lack of interest in 3D interfaces in general that may be causes for the slow 
adaptation of 3D elements in web settings. According to the author the research into 3D 
interfaces could be not worth adopting into use, the researchers could have failed to 
convince the industry of the value of 3D interface technology, 2D interfaces could also 
simply be better for most, if not all tasks, or there could be technological hurdles to 
overcome before the 3D interfaces gain wider acceptance. Among the websites that 
were analyzed in the current study only 2D interfaces were used on the majority of the 
pages and it is questionable whether 3D interface elements would have provided any 
extra value in most cases, since the improved graphics would be simultaneously slowing 
down the download times. It is likely that the lack of motivation to use 3D and the 
perceived ease of use of 2D interfaces are still contributing to the scant use of 3D 
elements, especially since the increasingly popular mobile devices demand lighter and 
less complex versions of web pages. 

According to Ortiz (2010), there are several other obstacles that need to be overcome 
before the 3D web will gain wider acceptance, such as the requirement for plug-ins, 
which is a barrier to installation and damages cross-platform compatibility, the long 
authoring times, the lack of standardization and the rise in the use of low-power devices 
that can not display the 3D technologies. The current study shows that the majority of 
the 3D applications and elements present on the studied websites required plug-ins and 
cross-platform compatibility in different browsers was not adequate, making this issue 
still a problem. Only three of the present 3D technologies (JavaScript, HTML5 and 
CSS) did not require the installation of a plug-in or other software, and some of the 
plug-ins were limited to certain browsers. The sheer number of different required plug-
ins and having to switch between different browsers may very well hinder the 
acceptance of 3D technologies among users, as having to load and install a different 
plug-in for each website is time-consuming. If the customers are not likely to use the 
applications due to these barriers, the service providers would have less reason to 
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include them on the websites. The 3D elements and applications are also slower to 
create than the 2D elements, and in many cases the service provider had bought or 
otherwise obtained them from an outside party. Not every website would have the 
means to do that and the lack of technological knowledge or funds could prevent the 
service provider from including the 3D applications. Many of the current 3D 
technologies demand the use of commercial software for building the elements, unlike 
the basic 2D interfaces, which can be created without such investments. The required 
effort would thus make any larger 3D applications more costly.  

The amount of different 3D technologies and formats used among the studied websites 
suggests that there is currently no real web standard for 3D, as is also discussed by 
Evans et al. (2014). The authors state that there are differences between academically 
studied technologies and the technologies actually used by the people building the 3D 
web applications. This can lead the researchers to have expectations for the technologies 
and standards that are not fulfilled, as was evidenced by the lack of interest in VRML 
and X3D. As the current study shows, the web standards such as HTML5 and CSS were 
used very little in 3D elements and there still seems to be no single 3D technology that 
would dominate the competition, although Flash was used most commonly and for most 
purposes, which could be due to the popularity of the technology in creating general 
web graphics. The developers may go for the technology they are previously most 
familiar with or may find a certain technology easier to use in practice, having no 
interest in creating or supporting standards. The number of different technologies that 
were used on the sampled websites was rather large, including both general web 
technologies and 3D technologies for specific purposes, such as mathematical models. 
Twelve different technologies were utilized in creating the 3D content on the studied 
websites, which seems a rather high number considering that only 34 websites out of the 
study sample had 3D content.  

Although users have found in previous studies 3D web elements pleasing and easy to 
use (Edwards & Gangadharbatla, 2001; Yoon et al., 2008; Ozok & Komlodi, 2009; 
Moritz, 2010), it is still unclear if they would prefer to have these elements, keep using 
the 2D interfaces or are indifferent on the subject. On the studied websites the 3D 
applications and elements were not on the homepages, but were instead found 
somewhere on the subpages. This alone would make most of the users unaware of their 
existence, unless they were specifically searching for them. This makes it questionable 
whether the lack of 3D applications or their presence is even noticeable to most users. 
The providers might not include these elements, because it would not benefit them in 
any way or they assume that the users do not have any need for them. On the other 
hand, the users may not expect them, if they are not available on any competing 
websites. It is also unclear whether the customers even use the 3D applications that are 
currently available on the websites, or if they perceive them as easy to use or useful, 
which are given as factors that influence the intention to use a given technology (Davis 
et al., 1989). All of the reasons mentioned by Balakrishnan (2006) and Ortiz (2010), and 
general lack of interest from service providers and users, may thus still contribute to the 
current lack of popularity of 3D elements on websites. 

Chittaro and Ranon (2007a) divide the websites distributing 3D content into websites 
that display interactive 3D models of objects embedded into web pages, and websites 
that are mainly based on a 3D virtual environment. All of the studied websites were in 
the first category, with no mainly 3D virtual environments. Although virtual 3D worlds 
have been planned for web use for several years, very few 3D elements were in use 
beyond occasional models and applications among the sampled websites and there were 
no mainly 3D interfaces. The 3D models, demonstrations and applications were usually 
a separate part of the website and they had their own control elements instead of 
interacting with the rest of the webpage. Only a few sites had navigational or 
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informational elements that were embedded into the main site and interacted with it. 
Avatars and completely 3D virtual spaces were present only in games and not in other 
applications, which were used through 2D control elements or in some cases by 
dragging the models or 3D elements. As such, 3D elements were mostly a distinctly 
separate part of the website, with separate applications being responsible for most of the 
3D use. This could be due to the possibility of outsourcing the creation of 3D 
applications to different developers. 

The applications were relatively simple and usually had no separate instructions for 
using the application, with the exception of the design programs. Since it was usually 
assumed that the user would intuitively know how to click and drag the 3D models, 
there was no mention of this possibility in the models. None of the applications were for 
multiple simultaneous users and they did not allow instant communication with other 
parties. The 3D applications had the 2D control icons as a distinct and separate part of 
the interface outside the 3D space and 3D elements, which were manipulated among 
several other 3D elements, were usually indicated visually e.g. by a bounding box. As 
such the applications adhered to the design guidelines proposed by Salo et al. (2012) 
and Pakanen et al. (2013). 

Due to the aforementioned limitations the examined applications fulfilled only some of 
the characteristics that determine the functionality of 3D web applications (Chourio et 
al., 2011). There were several technologies and consequently models and applications 
that did not run on all platforms and most required at least the installation of plug-ins. 
None of the applications were created for shared environment nor did they allow 
interaction between different users. Nevertheless, the applications and elements were 
interactive and easily controlled and usually were capable of creating graphic 3D virtual 
environments. Other issues that hindered the use of 3D elements were the download 
times for larger plug-ins, having to download different viewers or plug-ins for each 
website, even if they used the same technology, and the viewers not functioning for 
unspecified reasons that could be related to hardware or software.  

The current study concentrated on website categories that in previous research were 
shown to have an interest in 3D web applications. Although several web-based 
educational and scientific 3D applications have been described and developed 
previously (Hamza-Lup et al., 2009; Livingstone & Kemp, 2008; Temkin et al., 2002), 
they are not in widespread use on public websites and the ones included in this study 
were mostly limited to virtual tours, small applications and individual 3D models that 
could be used for providing information on certain places or items, such as the solar 
system and planetary objects. The larger applications were games related to the subject 
or field of the website, presenting the subject in a more accessible way. The websites 
usually contained only one such 3D application or model, whereas the rest of the 
website was in 2D, making them more of an occasional curiosity than a substantial part 
of the website. The use of Google Earth for scientific applications stood out among the 
studied websites, some of which used the platform for presenting information on global 
CO2 levels, earthquakes and space craft orbits. Google Earth has been suggested for 
similar purposes previously (Sheppard & Cizek, 2009) and it does seem to be catching 
on as a platform for scientific applications that use maps, which could be attributed to it 
being free of charge and simple to use, eliminating the need to build a new interface.  

In some cases third parties have built 3D applications for accessing the information on 
websites such as the National Library of Medicine (Temkin et al., 2002; Evesque et al., 
2002), but although they may provide data or downloadable 3D software for use, there 
are no 3D applications on the websites themselves. The use of 3D models and virtual 
tours on the studied museum websites was quite limited as well, unlike on some smaller 
exhibitions that have previously presented their collections as 3D tours (Isler et al., 
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2006; Corcoran et al., 2002). The sheer size of the collections in the more popular 
museums, such as the British Museum, may make the creation of 3D models so time-
consuming that it would not be worthwhile, although they have digitized their 
collections otherwise for the public access. 

Virtual 3D stores have been planned and designed for several years (Buffa & Lafon, 
2000; Somerville et al., 2006), but 3D elements are not used in that extent in current 
web stores. In commercial context, only one website in the study sample offered 3D 
product models for viewing, whereas the other studied websites were limited to the 
usual 2D image and video content, with some websites offering 360° views. The regular 
videos and 360° views are presumably easier, cheaper and less time-consuming to 
create than 3D models, so the 3D models would need to offer some additional value in 
order to justify the required extra cost and effort of building them. It is questionable 
whether the 3D models would be able to provide more information than videos or 360° 
views when demonstrating some of the products that are commonly sold online, such as 
clothing, if they do not provide any additional viewpoint.  

The only commercial 3D model presentations found in this study were models of 
electronic devices, which could demonstrate the different functions of the product. This 
kind of 3D presentation has previously been found sensible to use as a parallel product 
presentation, unlike the 3D presentations for clothing (Moritz, 2010). Although most 
commercial websites did not contain separate 3D models of their products, some of the 
furniture and interior design stores provided 3D design programs to their customers, 
allowing the customers to select available products and design different rooms. Many 
companies have provided this kind of service in-store and seem to be moving it for 
online access. This is possibly giving the service better availability, since the user has 
no need to go to the store in order to access the service. There is also a definitive 
motivation to use 3D applications for this purpose, since it can not be fulfilled in equal 
measure with a 2D alternative. The 3D design programs and product models seen on the 
commercial websites in this study were purchased from companies that offer these 
services to several clients, allowing the websites to use premade applications, which 
could decrease the overall costs and thus make it more likely to include them on the 
website. 

The use of 3D web elements has traditionally been most common in games and 
entertainment and the results of this study show that this is still the case, as even the 
websites using 3D elements as navigational interface elements were related to gaming 
and gambling. All of these elements were image carousels with limited 3D animation 
effects instead of the more common 2D image sliders and the websites related to 
entertainment used in general heavier graphics than the websites in the other categories. 
According to Björkskog, Jacucci, Lorentin and Gamberini (2009) the 3D carousels 
provide an attractive and playful way to interact, which can help them to stand out. 
When building web pages, both design and functionality need to be taken into account, 
but many sites that are aesthetically pleasing are often more complex and the heavy use 
of non-text based elements makes the web pages harder to use, especially on slower 
connections and mobile devices.  

The common usability heuristics for interface design are generally applied to web 
design and they emphasize minimalist design and efficiency of use, recommending that 
irrelevant information is discarded (Nielsen, 1995). The most popular websites that 
were included in this study were mostly text-based, focused more on function or content 
than complex design. If anything, they tended to use even 2D graphics, much less heavy 
videos or 3D elements, very sparingly in order to avoid long loading times. Intricate or 
complex designs tend to run slower in general, so many sites try to avoid anything that 
would make them unavailable to a significant portion of the potential users and 
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consequently make them leave for a competing site. Integrating 3D elements into a web 
page brings further challenges to the functionality of the page and as such, the 3D 
elements found in this study were usually limited to separate applications and had a 
practical purpose, such as a design program, and they were very rarely used as a mere 
graphical gimmick.  

Even the developers of 3D technologies, such as Microsoft (Silverlight) and Adobe 
(Flash, Shockwave), do not use these technologies on their websites for 3D elements 
beyond demonstrations on how they can be used.  Silverlight was not used as a 3D 
technology on the other studied websites, unlike Flash and Shockwave, which was not 
unexpected considering the limited popularity of the Silverlight technology in general 
(W3Techs, 2013). Flash and Unity3D were used on several websites, and especially the 
emergence of Flash as the most commonly used 3D technology in the study sample is 
quite likely based on the fact that it is a popular technology for general web graphics, 
not to mention that the users are already familiar with the technology and might thus 
have less reservations about using it. In the study sample Flash was a common 
technology for simple content and lightweight applications with some 3D elements, 
whereas Unity3D, which was as popular technology as Flash for building games, was 
more frequently used for the more complex games. This observation is in line with 
Bandrowski and Double (2011), who suggest that between Flash and Unity3D, Flash 
might be the best choice for applications with some 3D elements. The other more 
extensive 3D applications, namely the design software, mostly utilized commercial 3D 
design platforms. As stated by Evans et al. (2014), the popularity of 3D technologies 
may differ among different communities. The developers, service providers and users 
may choose to use altogether different solutions than the technologies and standards 
promoted by the research community, especially if there is already an acceptable, well-
known technology available that is deemed more useful for the purpose.  

The web standards, such as HTML5 and CSS, were more absent among the studied 
websites. 3D CSS is a relatively new concept and it seems to be very rarely used for 
anything other than simple transformations, as is JavaScript by itself when not 
combined with e.g. WebGL. Among the studied websites both 3D CSS and JavaScript 
were used only once in non-demonstrative purposes and neither of them functioned 
reliably on all of the tested browsers. Java, another common web programming 
language, was used slightly more often, but the current security issues (Finkle, 2013) 
and browser warnings prompted by Java might make it seem like a potentially 
hazardous technology to use. The security concerns were mentioned on one website as 
the reason why at the time of the study they intended to replace their current 3D web 
application with a downloadable version. Thus any concerns related to security might 
stop the elements from being included or the users from accessing the 3D elements. 

As seen in this study, the current browsers do not support all 3D technologies equally 
and none of the tested browsers supported all of the technologies that were used in the 
study sample. Even if the technology was officially supported by the browser, in 
practice some of the elements would not function. This was not surprising, since the 
same problem is present in all web design and browsers may display even common 2D 
web elements (e.g. CSS) differently. This unpredictability may cause inconvenience to 
the users and hinder the acceptance of these technologies, since not all applications 
inform the user that the browser is not supported by that particular technology or plug-
in, and the user may not notice anything unusual before trying to install the plug-ins or 
seeing the element function erroneously. The compatibility issues may result from the 
lack of testing or underlying problems in the 3D technology or browsers, but it can not 
be conclusively inferred from the material which of these factors caused the erroneous 
behavior of some elements. At the moment, some of the websites have tried to avoid 
these issues by offering only downloadable 3D software, which is installed on the end 
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user's computer. The fact that there is no reliable browser platform available to display 
3D applications may discourage users from accessing them on websites.  

Mobile devices, such as smartphones, and tablets are increasingly popular and their 
sales not only have surpassed the sales of laptops and desktop PCs, but are forecast to 
continue doing so that by 2017 only 13 % of the worldwide smart connected device 
market will be total PCs (IDC, 2013). Mobile web use has increased to a point where 
about 15 % of all Internet usage globally is mobile usage, and concurrently uses mobile 
browsers (StatCounter, 2013). This brings forward new challenges, since all web pages 
do not function properly on these devices and mobile versions are needed. The current 
3D applications for mobile devices are mostly separate downloadable applications, but 
other platforms are under development. HTML5, which is supported by mobile 
browsers, is being developed as a more lightweight platform in order to provide content 
to mobile devices without plug-ins, such as Flash (Winokur, 2011). The applications 
included in this study were not compatible with mobile devices due to the lack of 
official plug-in support and the applications were generally designed for non-mobile 
browsers. It remains to be seen when the 3D website applications will be widely 
available for mobile browsers. 

5.1 Limitations of the study 

There were some limitations to this study due to the used study material. Although the 
study sample had 500 websites, it was still rather limited, and did not e.g. include all of 
the numerous existing 3D technologies, meaning that a different sample could have a 
different technology distribution, especially among the rarely used technologies. In 
addition, since the selected websites were generally rather extensive, 3D applications 
would likely be less common among the more restricted websites, which do not have as 
much content or applications in general.  

In most of the studied categories there were only a few websites from the same line of 
business or research, such as interior design stores or museums, which placed some 
limitations on what kind of conclusions could be drawn on how common the use of 3D 
applications is on these particular websites. Concentrating solely on these types of 
websites that used 3D applications more frequently could yield more information on 
how common these design applications and virtual tours actually are. One of the 
limitations of this study was the uncertainty in determining the current status of the 3D 
applications. It could not be accurately determined how recent some of the 3D models 
and applications were and if they were still intended for active use and updated or 
maintained, since they were connected to old articles or copyright notices from as early 
as 2003 and contained dead links.  

The previous research on the state of 3D web use was somewhat limited and much of 
the current data on the subject is only available as speculation among users and official 
statements from the developers of the web technologies. Many of the issues with the 
technologies and their use have not yet been properly analyzed and as such could not be 
utilized in this study.  

5.2 Future research 

Transition to 3D internet has been predicted for a few years (Alpcan et al., 2007; Daras 
& Alvarez, 2009), but the current state of 3D web use seems to be very limited. It is 
likely that the actual percentage of websites using 3D is even smaller than in this study 
sample, since the studied websites were selected from the more popular ones and had 
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more content and were better designed than average websites. This does raise some 
questions on whether the service providers would see this transition as worthwhile or 
not and what kind of content, if any, would they include on the 3D internet. There 
should be at least some kind of added value that 3D would bring to the average website 
besides making control elements more visually appealing, and the use of 3D should 
solve existing problems instead of causing new ones. 

Since most of the studied websites did not have any 3D elements, they might currently 
lack sufficient motivation to include any or to move onto a 3D based Internet. Furniture 
and interior design stores seem to have found a practical use for 3D in the design 
applications, but many of the studied websites were news sites or otherwise mainly text-
based, so it's doubtful that they would find much use for the technology at the moment. 
If there are available pre-existing platforms or models that may be utilized, such as 
Google Earth, websites might be more likely to use 3D applications, especially if the 
costs are low. Nevertheless, only the service providers could adequately answer why 
they do not include these elements. 

Further research would be needed in order to determine what would make 3D 
applications more popular on websites that do not already use them, what kind of 
existing web elements and applications would benefit from the 3D graphics and what 
kind of pre-existing 3D services could be moved onto the websites. Future research 
subjects could include whether the opportunity to buy or otherwise acquire premade 3D 
models or applications from a vendor would influence favorably the websites' intention 
to use them and what could be done in order to ease the transition of existing 3D 
applications into web applications. Moreover, future research could concentrate on 
analyzing how useful and helpful people find these elements and whether they end up 
using the applications and models on the websites after they've been made available. 
Since the transition from desktop browsing to mobile browsers will also influence the 
development of 3D Internet applications and elements in the future, it should be 
considered whether the users would prefer downloading mobile 3D applications or 
using them through a web browser, and how the 3D Internet could be brought 
seamlessly to mobile devices, especially smartphones and tablets. 
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6. Conclusions 

The modern web browsers and plug-ins have allowed web pages to include 3D content 
and applications for several years, but although they have become viable alternatives to 
3D desktop applications, the use of 3D on the Internet has been limited. Several projects 
are taking place in order to develop future 3D Internet, but there has not been much 
research on the current status of 3D use on the Internet, which motivated this study to 
address how frequent the use of 3D is currently on web pages. The first aim of this 
study was to determine how widespread the use of 3D interface elements and 
applications is currently on websites, and the results indicated that although 3D 
applications have been available for several years, their use on the Internet is still very 
limited. 3D elements and applications were more common on certain types of websites, 
such as websites connected to gaming and interior design, but in general less than five 
percent of the sampled websites used them.  

There were some factors that could influence the popularity of 3D elements among 
users and hinder their use, such as the lack of standardization, still increasing amount of 
different technologies used to create the 3D elements, the long authoring times for 
anything complex, the problems these technologies have on different platforms and the 
limited plug-in support on different browsers. The absence of a browser that can present 
all of the different 3D technologies could prevent some of these applications from being 
taken into use, although the 3D technologies most commonly used in this study, such as 
Flash and Unity3D, were supported by the most popular browsers. Most of the 3D 
elements were simple models or relatively small applications, most likely due to the 
constraints download speeds still pose to the use of 3D applications and the time and 
cost required for building them. 

Technological aspects and ease of use from the users’ point of view are not the only 
things limiting the use of 3D elements, since the service provider may have no reason to 
include them on the website to begin with, the users may not expect them or even find 
them, since most of the elements were not on the homepage. Many websites seem to 
have no motivation to use 3D applications and those that do use them have included 
only a few elements, presumably in order to avoid longer download times. Nevertheless, 
there were some factors that could affect positively the decision to use 3D elements. 
Some of the 3D applications had a simple, ready-made platform for the desired purpose 
(e.g. Google Earth for applications that utilize maps or ready-made design software for 
furniture stores) and by using these service providers could avoid the effort of building a 
new interface. In some cases, such as with games, the use of 3D was well-established 
and the users are familiar with it and may expect it instead of the 2D imagery. There 
also may be a greater motivation to include 3D applications on the websites, if there is a 
pre-existing 3D based service to move online, such as design programs.  

When analyzing in what connection these elements were used, it was found that web 
games were still responsible for the majority of the 3D use on the studied websites. The 
websites connected to education or scientific research used 3D elements in educational 
applications and in order to present research results, but very little of the content was 
presented this way and none of the studied websites used virtual realities that were 
accessible to the public as a way to interact with each other. On the studied commercial 
websites 3D models were rare and not ever the only alternative. This leads to the 
conclusion that 3D models have not yet made a breakthrough as commercial product 
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presentations or educational web applications on websites that are open to the general 
public free of charge. On the other hand, 3D design programs were available on many 
of the websites of stores involved in interior design.  

The future web interfaces have been predicted to be 3D, but the current state of the 
Internet is still overwhelmingly 2D. There should be at least some kind of added value 
that 3D would bring to the average website in order to increase interest in 3D 
applications and virtual worlds among the service providers, so that this transition 
would be seen as worthwhile, and the 3D Internet would not only be limited to a virtual 
reality that serves as a portal to the regular 2D websites or to a restricted parallel 
Internet. A 3D browser or viewer that can display the numerous 3D technologies or 
convert the 2D pages into 3D without installing any new plug-ins could help the users to 
accept 3D applications. In conclusion, more research would be needed into what kind of 
platforms would make the transition easier and what would make 3D web more 
interesting for the service providers, especially for those that do not have any pre-
existing 3D services to offer.  
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Appendix A. Analyzed websites 

The studied websites from the global, Finnish and commercial categories are listed 
below. 

 

Global 

(retrieved 8.8.2013) 

Finnish 

(retrieved 6.8.2013) 

Commercial 

(retrieved 4.8.2013) 

1 facebook.com iltalehti.fi amazon.com 

2 google.com iltasanomat.fi ebay.com 
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4 yahoo.com nordea.fi walmart.com 

5 baidu.com suomi24.fi ikea.com 

6 wikipedia.org tori.fi target.com 

7 live.com mtv3.fi bestbuy.com 

8 qq.com op.fi groupon.com 

9 taobao.com hs.fi homedepot.com 

10 twitter.com nettiauto.com lowes.com 

11 blogspot.com veikkaus.fi newegg.com 

12 yahoo.co.jp ilmatieteenlaitos.fi bodybuilding.com 

13 linkedin.com telkku.com sears.com 

14 bing.com huuto.net macys.com 

15 sina.com.cn luukku.com nordstrom.com 

16 yandex.ru saunalahti.fi gap.com 

17 vk.com katsomo.fi futureshop.ca  

18 ask.com elisa.net sky.com 

19 tumblr.com fi.wikipedia.org overstock.com 

20 163.com debian.org/index.fi.html barnesandnoble.com 

21 msn.com taloussanomat.fi zappos.com 

22 delta-search.com fonecta.fi kohls.com 

23 hao123.com oikotie.fi legacy.com 

24 weibo.com kauppalehti.fi staples.com 

25 wordpress.com danskebank.fi nike.com 

26 xvideos.com mol.fi hm.com 

27 mail.ru gigantti.fi livingsocial.com 

28 fc2.com ampparit.com costco.com 

29 conduit.com hdfin.com autotrader.com 

30 microsoft.com verkkokauppa.com ticketmaster.com 

31 tmall.com uusisuomi.fi jcpenney.com 

32 odnoklassniki.ru sanakirja.org souq.com 

33 googleusercontent.com etuovi.com dx.com 
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34 xhamster.com irc-galleria.net bhphotovideo.com 

35 babylon.com inkclub.com cars.com 

36 craigslist.org vr.fi wahlgreens.com 

37 instagram.com reittiopas.fi qvc.com 

38 pinterest.com nettimoto.com gamestop.com 

39 sohu.com plaza.fi victoriassecret.com 

40 akamaihd.net kela.fi cvs.com 

41 apple.com aamulehti.fi 6pm.com 

42 pornhub.com fi.gosupermodel.com shutterfly.com 

43 soso.com kuvake.net tigerdirect.com 

44 imdb.com posti.fi bedbathandbeyond.com 

45 paypal.com tunnistus.fi hsn.com 

46 xnxx.com finnair.fi trademe.co.nz 

47 avg.com riemurasia.net sony.com 

48 ifeng.com stara.fi forever21.com 

49 neobux.com s-pankki.fi samsclub.com 

50 mywebsearch.com sonera.fi kmart.com 

51 360.cn kaleva.fi directv.com 

52 aol.com lataayoutube.com cafepress.com 

53 alipay.com vauva.fi wiley.com 

53 jd.com tut.fi cabelas.com 

55 redtube.com talouselama.fi pixmania.com 

56 youku.com hel.fi stubhub.com 

57 go.com digitoday.fi sephora.com 

58 blogspot.in helsinki.fi iherb.com 

59 alibaba.com elisa.fi officedepot.com 

60 dailymotion.com seiska.fi rei.com 

61 vube.com nyt.fi drugstore.com 

62 blogger.com kaksplus.fi weightwatchers.com 

63 netflix.com finnkino.fi marksandspencer.com 

64 adf.ly vertaa.fi neimanmarcus.com 

65 youporn.com itviikko.fi yoox.com 

66 cnn.com vikingline.fi cambridge.org 

67 about.com marmai.fi urbanoutfitters.com 

68 imgur.com jatkoaika.com dickssportinggoods.com 

69 rakuten.co.jp groupon.fi jcrew.com 

70 adobe.com savonsanomat.fi shopbop.com 

71 thepiratebay.sx findit.fi landsend.com 

72 livejasmin.com hymy.fi mapsofindia.com 

73 adcash.com findance.com redbubble.com 

74 directrev.com s-kanava.net micromaxinfo.com 

75 stackoverflow.com utu.fi vitacost.com 
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76 espn.go.com hobbyhall.fi saksfifthavenue.com 

77 huffingtonpost.com iskuri.net net-a-porter.com 

78 godaddy.com aalto.fi botterybarn.com 

79 mirror.co.uk ytj.fi frys.com 

80 dailymail.co.uk netanttila.com petsmart.com 

81 pixnet.net muropaketti.com fineartamerica.com 

82 aliexpress.com tietokone.fi modcloth.com 

83 globo.com vero.fi focalprice.com 

84 vimeo.com keltainenporssi.fi officemax.com 

85 yesky.com poliisi.fi bloomingdales.com 

86 nytimes.com ess.fi abebooks.com 

87 it168.com osuuspankki.fi musiciansfriend.com 

88 sogou.com antikvaari.fi harborfreight.com 

89 china.com.cn kotikokki.net play.com 

90 kickass.to arvopaperi.fi ae.com 

91 indiatimes.com tampere.fi carmax.com 

92 renren.com sportti.com cduniverse.com 

93 fiverr.com monster.fi dish.com 

94 hootsuite.com uta.fi blu-ray.com 

95 deviantart.com vuodatus.net gunbroker.com 

96 wikimedia.org nelonen.fi cargurus.com 

97 livejournal.com tapiola.fi ralphlauren.com 

98 booking.vom finnmatkat.fi petco.com 

99 yelp.com aktia.fi scholastic.com 

100 outbrain.com marimekko.fi moo.com 

 

The studied websites from the categories science and entertainment are listed below. 

 Science 

(retrieved 15.8.2013) 

Entertainment 

(retrieved 14.9.2013) 

1 ncbi.nlm.nih.gov hulu.com 

2 timeanddate.com tmz.com 

3 urbandictionary.com eonline.com 

4 news.cnet.com ew.com 

5 noaa.gov egotastic.com 

6 nationalgeographic.com hollywoodreporter.com 

7 reverso.net rollingstone.com 

8 ted.com veoh.com 

9 sciencedirect.com heavy.com 

10 economist.com metacritic.com 

11 jma.go.jp ign.com 

12 care2.com steampowered.com 



61 

13 berkeley.edu battle.net 

14 intellicast.com gamespot.com 

15 nature.com miniclip.com 

16 guardian.co.uk/technology gamefaqs.com 

17 livescience.com leagueoflegends.com 

18 sciencedaily.com pogo.com 

19 usda.gov nick.com 

20 ieee.org pbskids.org 

21 nps.gov cartoonnetwork.com 

22 bom.gov.au gocomics.com 

23 usgs.gov warnerbros.com 

24 elsevier.com bulbagarden.net 

25 metoffice.gov.uk dilbert.com 

26 mnn.com history.com 

27 scientificamerican.com biography.com 

28 wwp.greenwichmeantime.com pokemon.com 

29 researchgate.net startrek.com 

30 popsci.com guinnessworldrecords.com 

31 redorbit.com popsugar.com 

32 metric-conversions.org variety.com 

33 census.gov avclub.com 

34 foreignpolicy.com collider.com 

35 space.com hollywood.com 

36 jstor.org aintitcool.com 

37 epa.gov shockwave.com 

38 popularmechanics.com spin.com 

39 humanmetrics.com hitfix.com 

40 livemocha.com xbox.com 

41 bls.gov kongregate.com 

42 newscientist.com king.com 

43 fao.org playstation.com 

44 jpl.nasa.gov ea.com 

45 onlineconversion.com chess.com 

46 arabic-keyboard.org betfair.com 

47 technologyreview.com minecraft.net 

48 coolmath.com starwars.com 

49 acs.org family.ca 

50 sciencemag.org britishmuseum.org 

51 bbc.co.uk/news/science_and_environment/ kidswb.com 

52 smhi.se garfield.com 

53 http://btc-e.com theonering.net 

54 behindthename.com americanidol.com 
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55 connexor.com linkinpark.com 

56 italki.com sciencemuseum.org.uk 

57 wunderground.com/tropical/ teenidols4you.com 

58 head-fi.org theybf.com 

59 grist.org etonline.com 

60 ssrn.com pbs.org 

61 environmentalgraffiti.com vibe.com 

62 psychology.about.com popmatters.com 

63 arxiv.org commonsensemedia.org 

64 alldatasheet.com celebslam.celebuzz.com 

65 apa.org hotcelebshome.com 

66 wolfram.com blinkx.com 

67 blueletterbible.org wowhead.com 

68 geonames.org minecraftforum.net 

69 easycalculation.com williamhill.com 

70 mathworks.com minecraftwiki.net 

71 www.iitm.ac.in ubi.com 

72 sigma-aldrich.com freelotto.com 

73 directionsmag.com travian.com 

74 eurekalert.org addictinggames.com 

75 ewg.org n4g.com 

76 fcc.gov freeonlinegames.com 

77 faa.gov homestarrunner.com 

78 meteo.be selenagomez.com 

79 plosone.org iwm.org.uk 

80 media.mit.edu ytv.com 

81 botanical-online.com disney.com 

82 discovermagazine.com celinedion.com 

83 spaceweather.com teletoon.com 

84 energy.gov tvokids.com 

85 ibge.gov.br mfa.org 

86 insee.fr supermanhomepage.com 

87 cern.ch avrillavigne.com 

88 rsc.org foxtrot.com 

89 iso.org windowsmedia.com 

90 math.com buzzintown.com 

91 omniglot.com zvents.com 

92 thedailygreen.com pajiba.com 

93 metservice.com thecelebritycafe.com 

94 geology.com giantbomb.com 

95 whc.unesco.org calottery.com 

96 mpg.de pcgamer.com 
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97 emsc-csem.org popcap.com 

98 mises.org nintendo.com 

99 esa.int games.com 

100 biomedcentral.com mos.org 
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