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Abstract 

3D user interfaces are common today when for example doing industrial design, architecture and 3d 

modelling but they are not commonly used in regular interfaces. The hardware requirements for such 

interfaces are not difficult to reach with today’s computers, laptops and mobile devices with only in-

tegrated graphics cards.  

The report found that users of 3D interfaces found them more fun to use and gives a better overview 

when viewing dense information. Problems exists when using small screens and reading text. Future 

improvements to software tools and APIs as well as improvements in hardware, and new technologies 

such as virtual- and augmented reality will make 3D interfaces easier to develop, use and run. 
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Sammanfattning 

3D-gränssnitt är vanliga idag när man till exempel arbetar med industridesign och arkitektritningar 

men de används vanligtvis inte i vanliga program. Hårdvarurestriktioner har varit en stor faktor var-

för de inte har haft dessa, men dagens datorer och mobila enheter som har integrerade grafikkort som 

klarar av att köra de flesta 3D-gränssnitt.  

Rapporten fann att användare av 3D-gränssnitt tyckte de var roligare att använda och ger en bättre 

överblick när informationsdensiteten är hög. Problem uppstår när man använder små skärmar och 

behöver läsa text. Framtida förbättringar i mjukvaruverktyg och API:er, förbättringar i hårdvara och 

nya teknologier som t.ex. virtuell- och förstärktverklighet kommer göra att 3D-grännsnitt 

Nyckelord 
Användarupplevelse, OpenGL, Användargränssnitt, 3D. 
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1. Introduction 

With 3D user experiences we mean how the user experience the application. This includes any num-

ber of things, such as response time or number of functions, but also how easy it is to use, and how 

fast the required tasks can be performed. With 3D user interfaces we don’t mean actual 3D, in the way 

that means stereoscopic vision, meaning that it renders to two screens, one for each eye, creating 

depth.  3D interfaces are often used in applications where you create 3D objects, such as industrial 

design and architecture. For these applications it is natural to use 3D to be able to create and view the 

3D model being created.  

1.1 Problem  
Today’s user interfaces are mostly 2D for the simple reason that people are familiar with them and 

that there are many helpful tools to make programming them easier, and they require less hardware 

capability. They however lack many features that the user is familiar with in real life. For example, 

the area of a computers interface is heavily restricted by the orthographic 2D view, all the information 

is always in focus and the user cannot look around to get a special context to the objects in view. In 

comparison, a 3D interface gives the user the ability to see things at a distance and at an angle (see 

Fig 1.1), providing them with a better overview. The user can then put that information in focus by 

moving closer to the location of that information, other objects of less importance will stay in view 

but will be smaller. This simulates real life, where for example at a desk, the user can see an overview 

of their documents and pick up or lean in to see a specific document closer. 

Fig 1.1 Left picture shows an orthographic view, and the right shows a perspective view. 

The traditional problem with 3D interfaces for everyday use has largely been technical. The hardware 

that was running these applications where workstation class computers with dedicated graphic cards.  

But today's hardware, whether they are mobile phones or desktop computers, mostly have integrated 

3D-accelerators in their processors that can easily run even complex 3D graphics and they are usually 

used for rendering of the application’s 2D interface. While running 3D interfaces on mobiles and lap-

tops usually had problems with performance, heat and high battery consumption. With the ever in-

creasing power of mobile and laptop 3D accelerators and the advent of consumer virtual- and aug-

mented reality headsets, would it now be possible to take advantage of the new hardware and use 3D 

interfaces for ordinary applications without performance and usability issues?  

Most people are also not familiar with navigating 3D spaces on their computer and mobile screens; it 

is naturally more complex than navigating a 2D space. This means controls are more complicated and 

harder to navigate with a mouse or trackpad. Are control problems a problem of unfamiliarity, how 

can these problems be overcome and is there a natural way to interact with a 3D interface? What 

advantages would such an interface provide compared to a 2D interface? 
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1.2 Goals  
To evaluate the user experience when using a 3D interface and comparing it to a 2D one, an applica-

tion with an easy to use interface is needed. The application should have as few technical roadblocks 

as possible. It should be fast, easy to use and have most functions the 2D user interface has, it also 

needs to improve on some aspects of the traditional interface to make up for the initial learning curve.  

The interface will be evaluated by questionnaires for the users and follow up interviews. The main 

points to evaluate are as follows. 

 What are the advantages and disadvantages of using a 3D interface compared to a 2D inter-

face? 

 What are the natural roadblocks using 3D interfaces compared to 2D ones, such as controls, 

overview, and general functions? 

 When the software is first used, how will the user naturally without instructions, interact 

with the interface? Are the basic controls readily apparent without instructions? How long 

does it take to figure out basic functions?  

 How much does technical limitations matter to the experience?  

Screen size and pixel density, can change fundamentally how the user experiences the application. 

This is true in 2D interfaces as well, but are more apparent in 3D where smoothing of screen objects, 

called anti-aliasing, is more hardware intensive. Methods of controlling the application such as track-

pads, mouse or touch controls, as well as more powerful hardware can make the experience smooth 

and responsive, while weaker will make it choppy and slow, this all matter to the experience. Thermal 

issues will also be considered; thin laptops and mobile devices can become hot when under consistent 

load.  An application that drains the battery of a mobile device or laptop, this will also impact the 

experience.  

To test this approach a calendar application will be made. Calendars are applications that are used in 

everyday life, they are easy to use and are well represented in 2D, they also don’t offer complex func-

tionality. There are however some aspects that can be improved by using the 3D perspective to get a 

good overview of the future and past events.  

The application will also need to be able to provide most functions a calendar application is expected 

to have. It will run on desktop computers, laptops, tablets and mobile phones. This to see if the dif-

ferent ways to interact, mouse versus touch, big screen versus small, different pixel densities, can 

make a difference on the experience. 

1.3 Delimitations 
The report will mainly evaluate the calendar tool created for the tester to use. Evaluations of user 

interfaces are, according to Mack and Nielsen [1], best done by experts on such matters. However, 

due to lack of access to such, the evaluations in this report will be performed by non-expert, but still 

experienced computer users. 

The software created will also have hard coded user preferences such as what calendars the user can 

download.  The application will lack many of the pop-up help boxes that most modern applications 

have.  

Battery test will only be performed on one mobile devices and a laptop. If the difference is small, it 

can be assumed that it matters little to the end experience. 
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2 Background and Theory 

Graphical user interfaces have been used for applications as long as computers have been able to ren-

der graphics. They provide an easier way to learn and experience an application compared to a text 

interface. 3D interfaces are different in the way that they can provide a perspective, objects can be 

made to appear to be further away and be viewed at an angle. They are mostly used where you have a 

need to see an object from different angles, but can also provide other advantages, such as a natural 

way of looking around, when the user moves the camera closer, objects that are more relevant become 

enlarged, and objects further away will become smaller but still visible. Whereas when zooming in a 

2D interface, the lack of angles makes it impossible to see what is beyond the current focus (see Fig 

1.1) . 

2.1 User Experience 

A user experience refers to a person’s total experience using, in this case, a computers applications 

graphical interface.  A user experience as defined by the International Organization for Standardiza-

tion [2]  is: "a person's perceptions and responses that result from the use or anticipated use of a 

product, system or service” .  

For the user to have a good experience using an interface it needs to be responsive and error free, 

show all relevant information, without excess. It also needs to be easy to use, understand and learn. 

All functions that the application should perform should be internally consistent with other similar 

functions in the application [3].  

A user experience also considers other factors of the user’s experience, such as feelings when using it 

and also the environment in which it is used. 

2.2 Graphical User interfaces usability and consistency 
A user interface should adhere to certain guidelines so that the user can rapidly learn and perform 

tasks. Colours, terminology, abbreviations, formats should be consistent all through the interface. 

Inconsistencies can make the user experience more stressful and harder to learn and similar tasks 

should be performed in a similar manner. Layout, fonts and colours should also be consistent so noth-

ing feels out of place. The exception are warnings and important dialogs, for such things as deletion 

and exiting. 

Further, based on the Mosier and Smith [4] guidelines, the interface should provide the following. 

 The application should have universal usability. This implies that it should be able to be 

used by many different users with different experience levels and from different back-

grounds. The interface should strive to point the user in the right direction whenever possi-

ble, for example, have a next button when inputting information. 

 

 The interface should provide clear and precise feedback to the user. Actions should provide 

a quick and clear response. The severity of the response should be comparable to the sever-

ity to the action taken. For example, a deletion of should clearly displaying something being 

removed, to avoid accidently deletion.  

 

 Actions that is part of a chain should guide the user into that sequence of actions. A dialog 

to start an action should be followed up by an easy way to access the next function of the se-

quence, and finally an end confirmation that the task has been performed.  
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 The user should to the greatest extent possible, not be able to make errors with the user in-

terface. This can be accomplished by restricting the user’s options, such as for timer report-

ing, the user should only be able to select numbers, and if time is reported, only numbers 0 -

24.  

 

 Easy reversal of action.  An undo or similar type of function. 

 

 The user should feel in control of the interface. This by giving only the information the user 

wants, and not push unnecessary information and dialogs into the user’s view. 

 

 Provide minimal memory load on the user. Meaning that any dialogs and groups of infor-

mation should be summarised in one spot. A human has limited short term memory and 

don’t want to go back and forth between dialogs because it cannot recall what the previous 

one said.  

2.3 Evaluating a user interface 
Evaluation of user interfaces are best done by experts in that field, according to Nielsen and Mack [1]. 

A report written by the evaluators with recommendations and problems that the evaluators found 

with the interface can be a good tool to evaluate the interface of an application. The report can also be 

presented in a forum where free discussion with designers and managers can occur. Although the 

evaluators must be aware that they can influence the discussion, and also different bias might exist 

from the surveyed and that some are more invested in particular subjects and hence more likely to 

answer questions. 

The method presented by Nielsen and Mack, is dependent on the availability of experts and in absence 

of such, written surveys and discussions with users, can be a made to evaluate the user’s experience 

with the interface. The most important aspects are “clear goals and development of focused items 

that help to attain those goals” [5] 

The interviewee should always be aware that they are not being tested. The focus is on the user inter-

face; the person is not being evaluated. They should also be free to interject and add to the form and 

discuss what they are doing and what they think during the evaluation. [3] 

Pure technical ways to evaluate an interface can be measuring how long a task takes to be performed. 

This does not however take into consideration how the user perceives the application during the test 

and also requires that the application provides this feature. 

In a survey for e-commerce performed by Gefen and Straub [6] the questioners where asked five 

questions and rated it on a five grades; Strongly agree, Agree, No opinion, Disagree, Strongly Disa-

gree.  

The following questions where asked. 

 Improves my performance in book searching and buying 

 Enables me to search and buy books faster 

 Enhances my effectiveness in book searching and buying 

 Makes it easier to search for and purchase books 

 Increases my productivity in searching and purchasing books 
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These questions are meant to figure out what problems the users have with the interface and be easy 

and quick for the surveyed to answer. 

Colman and Williges [7] developed another way to grade user interfaces, in their case error messages 

in a word processor used a 1-7 scale in 4 different categories. Hostile to friendly, vague to specific, 

misleading to beneficial and discouraging to encouraging. This is a mean to figure out if specific ele-

ments are troublesome. 

2.4 3D user interfaces 
A user interface where you can rotate the view to see the objects on screen from different angles, would 

generally considered to be a 3D user interface according to Bowman in 3D User Interfaces, Theory 

and Practice [8]. They are unique in the way that they must provide a way to control the users view, 

or camera, and the user should be able to look around the 3D space, similar in the way they would in 

real life.  

Advantages 3D interfaces provide over traditional ones is that they provide spatial context, objects 

can have depth and perspective (see Fig 1.1). This can provide a better way to get an overview. In real 

life, when looking at your desk you can get a good overview of all the documents you have, it is easy 

to move your head around to see them all or focus on specific documents.  

There are many applications that use 3D user interfaces today, for example for industrial design and 

3D modelling, but there are however more areas that can and do take advantage of 3D user interfaces. 

Data for example, from scientific experiments can be visualized in 3D and show higher density data 

in a more detailed view. Also 3D visualisations of locations or navigation tools, such the one as used 

in Google street view [9]. 

In a 2001 study done by Andy Cockburn and Bruce McKenzie [10] users of two applications, one 2D 

and one 3D, where tested performing certain tasks with different density of documents related to the 

task. The two interfaces where made to be as similar as possible and made to have the same respon-

siveness.  

The study (see Table 2.1) found that a low density the 2D interface was preferable, but when density 

increases the 3D interface was preferable.  
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Table 2.1 Mean (standard deviation) responses to 5-point Likert scale questions x, not significant at the 0.5 level. *** signifi-

cant at the .05 level. [10] 

Question 2D 3D Reliability 

 Sparse Medium Dense Sparse Medium Dense 2D/3D density 

It was easy to place the pages 3.71(.91) 3.79 2.36(.84) 4.29 3.50(.76) 2.96(.80) X *** 

I will be able to quickly find 

pages 

3.54(.89) 3.14 2.50(.85) 3.54 3.43(.51) 2.64(.75) X *** 

I was able to quickly find 

pages 

4.43(.65) 3.80 3.29(.83) 4.5(.52) 3.79(.70) 3.86(1.17) X *** 

I remembered the location of 

pages needed 

3.79(.80) 3.71 3.29(1.07) 4.14(.86) 3.79(.58) 3.50(1.02) X X 

The display is cluttered 2.21(1.31) 3.14 4.00(1.18) 2.00 3.00(.78) 3.86(1.10) X *** 

Overall, the interface is effective 3.50(.86) 4.25(.70) *** 

This demonstrates how on a screen with a 2D interface, you generally can only focus on a single object. 

In a calendar this would translate to only viewing one day, one week or one month. Getting a good 

look at the current week, but also seeing a general overview of other weeks in the future and the past 

is easy to do in 3D (see Fig 2.1 and Fig 1.1). 

Fig 2.1 Shows how perspectives can increase the density of information that can fit into one screen at the cost of readability 

of objects farther away.  

The user can simply move his finger or mouse to quickly change perspective, and can so see many 

weeks forward or backwards. In the same manner, zooming can be made seamless, where in 2D your 

jumps would be binary between weeks and months for example. In 3D, you can simply zoom out to 

see as many weeks as you like without dropping focus on the current week. This would be unnecessary 
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if the amount of events were few and the probability for conflicts are fewer and the ability to see ahead 

or backwards would then become superfluous. 

The report concludes that there is no significant performance difference between the 3D interface and 

2D interface when managing documents, but that the users overwhelmingly prefers the 3D interface. 

This could be due to how 3D interfaces feels new, but also how they more emulate how people perceive 

real world objects around them.  

There are other technical advantages that is not necessarily restricted to 3D interfaces, but since a 3D 

interface assumes the user has a GPU, it can make full use of it for graphical effects. This for example 

be to render a sky and sun in the background, the sun can change position depending on the time of 

the day, and the colour of the background would also change accordingly. This provides the user with 

an intuitive and natural way to tell time, without having to look at the clock and might also increase 

the fun factor of using the application. 

3D interfaces do not have to be all 3D, but consist of 2D interface overlay objects as well. This can be 

a dialog box that hovers above the interface which does not change perspective when camera is moved 

(see Fig 2.2). 

Fig 2.2 Shows a 2D interface overlay over a 3D one, performed by holding down a keyboard key for fast access to menus. 

[11] 

2.4.1 Virtual and augmented reality 

Virtual Reality uses a closed headset, where the user is completely immersed in a 3D stereoscopic 

reality.  In augmented reality, the user can still see the outside world with a 3D overlay. 

Virtual reality is something that has gotten more common with both Facebook with the Oculus [12] 

and Valve with HTC Vive [13]. Microsoft meanwhile are developing an augmented reality headset 

called HoloLens [14]. Both techniques provide a way to use applications in a new way, where 3D in-

terfaces would provide a better way to interact than a flat 2D one would.  
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2.4.2 Text Readability  

Readability of text is a problem in 3D. In the report Text in 3D by Kevin Larson, Maarten van Dan-

tzich, Mary Cwerviniski and George Robertson [15], participants where shown 3D text at different 

angles and font sizes, testing how fast they could perceive what word was displayed. The study found 

that text large font sizes could be read at bigger angles and small font sizes had problems with even 

small angles. The report used text rendered as a texture and then rotated. Textures can use less costly 

filtering methods than pure 3D objects. 

Text in 2D interfaces on modern operating systems all have anti-aliased fonts. Anti-aliasing is a pro-

cess where when pixels of an object do not align with the square pixels of the computer monitor. Text 

on modern computers are anti-aliased, to look nicer and be easier to read.  This is a simple and not 

resource intensive task to do in 2D. In 3D it is a more complex process that can be very resource 

intensive. Super sampling – the process of rendering something at a higher resolution than what your 

screen can provide, then scaling it down again – creates a very good result but is also the most resource 

intensive. The post processing alternatives, where clever algorithms are used to find high contrast 

areas and smoothing them out, are very fast to perform on modern GPUs, however the result is not 

as good.  This is mostly a problem for laptops where the screens pixel density is not as high as mobile 

screens.   

2.4.3 Navigating the 3D space. 

Controlling the camera in a 3D environment can be non-intuitive. Based on research Autodesk [16] 

has done for their applications, they have established a set of standard controls. Autodesk Maya 

[17],uses a two handed control scheme, where one hand is on the keyboard, pressing various modifier 

keys and one hand on the mouse, where the user drag their mouse to look around, and their mouse 

wheel to zoom in and out. The second mouse button is used to pan the camera. Keyboard modifiers 

are used for more complex camera operations, such as pitch and field of view.  

Controls for mobile devices with touch controls are generally easier. The standard way of interacting 

with mobile applications can be straight out adapted to be used for 3D interfaces, and are therefore a 

more natural fit. The user pinches their fingers to zoom and drags to look around, the same way they 

would in a web browser for example. 

There are generally a few operations that the user should be able to do in a 3D interface to control 

their view.  

 Panning - This is the camera moving in different directions. I.e. left, right up or down.  The 

focal point where the camera is pointed is changed by this operation.  

 Zooming - This is the operation where the field of view, (in degrees) is decreased or in-

creased or the camera moves closer or further to the focus point, making the focused target 

bigger or smaller.  This can be used to get a more detailed view of the current focus or zoom-

ing out to get a bigger view of its surroundings. 

 Orbiting -  Changing the direction of the camera. It is called orbiting since the camera keeps 

its focus on the current point.  

2.5 Developing 3D user interfaces 
OpenGL is an open source API for the drawing of 3D and 2D objects to the screen. It provides hard-

ware acceleration for GPUs and can be used in Windows, Linux, Mac OS X, Android, iOS and most 

other operating systems. [18] 
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OpenGL ES is a reduced version of OpenGL that is used in Android and can also be used on iOS. It 

supports most operations and discards legacy code and functionality for more efficient code. [19] Dif-

ferent Android mobile phones support different versions of OpenGL ES. According to a survey done 

in 2016, 56% of all mobiles platforms shipped in 2016 supports OpenGL ES version 3 or higher. [20] 

Code written for OpenGL can either run hardware accelerated on the GPU or slower on the CPU, 

depending on what features the GPU supports. This could present a problem where certain hardware 

run some operations exponentially slower than other hardware where it can be run on the GPU. There 

is also no way to tell if the computer's main memory or video memory is used, and presents problems 

for figuring out performance problems. 

The application will use OpenGL shaders to simulate various real life things, like reflections, sky and 

shadows. OpenGL Shaders are small applications that are primarily run and compiled on the com-

puter’s GPU, but can also run in software mode on the CPU, with a big performance hit. The OpenGL 

implementation has two separate applications, a vertex shader, and a fragment shader.  The vertex 

shader is run a in a single instance and then passes its results to the fragment shader which is run in 

parallel, one instance per pixel on the screen. [21] 

WebGL is a 3D graphics API based on OpenGL ES that can be used in web browser with HTML 5 

support. [22] 

2.5.1 Hardware 

The absence of dedicated hardware for rendering 3D objects have been an obstacle to creating any 3D 

interfaces and therefore a technical hindrance to having a good user experience. A traditional CPU 

with a long and complex computational pipelines are not suitable for real time 3D rendering. To ren-

der an interface real time in 3D efficiently, the hardware needs a graphical processing unit(GPU). 

They are specialized processors which can compute millions of small tasks.  Modern GPUs have sev-

eral groupings of hundreds of small processors, each group handles specific sets of tasks. [23] 

Historically specialized hardware for rendering 3D has been relegated to workstation class desktop 

computers but are now found in both regular laptop computers and mobile phones. 

GPUs can be discrete, in that they are a separate card placed in an expansion slot or soldered onto the 

motherboard separate from the CPU or integrated inside the CPU. Most GPUs on laptops are however 

integrated in the CPU, these are generally slower than the discreet ones since they share memory and 

bus with the CPU, has to be smaller and cannot be cooled separately from the CPU.  67% of desktops, 

mobiles and laptops sold in 2015 uses a discreet GPU. [24] 

Discrete GPUs  separate memory is optimised for graphics, providing higher bandwidth, but in term 

has higher latency compared to the computer's main memory. [25] However it should be noted that 

mobiles, even though their GPUs count as discrete, don not  have separate memory. 
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3 Method 

The testers will be asked a set of questions and grade specific points, and as the testing progresses, 

follow up questions can be asked to explain their thinking in more detail. For the interface to be eval-

uated a working application which the user can use without pressure will be made. The software 

should be able to make new activities and synchronise with Google Calendar and should be able to 

see multiple calendars. 

3.1 Methods of evaluation 
The evaluation will be conducted by having a short oral survey, based on the  Geffen-Straub survey 

[6], for the tester to discuss. This method is easy and dynamic, and interesting points can be discussed 

further if the need arises. The absence of experts makes this good alternative and does not rely on 

special software that can time the usage of the applications, this method also seems less personal than 

the Coleman and Williges method [7], and easier to conduct in interview form. 

Questions will be discussed and the surveyed will state if he/she strongly agree, agree, disagree, 

strongly disagree, no opinion. The survey will have questions that pertain to the use of the application 

such as how hard it felt to learn and if they feel that it improves their performance over a traditional 

interface.   

There are two groups of users participating in the study: people with prior experience with 3D inter-

faces and people without. For the people with prior experience, there will also be discussion about 3D 

interfaces in general. 

3.1.1 Survey Questions 

Questions specific to the Calendar application that will be included are as following. 

 Easy to understand basic functionality, such as creating new events and navigating the cal-

endar? 

 

 Feels quick and responsive? For evaluating if the performance of the hardware running it is 

sufficient for the application since different devices handle the application differently. If this 

is rated low, it can mean that the hardware is not fast enough, but can also be internet con-

nection related to download and upload of data. 

 

 Improves my performance over using the regular 2D interface? The purpose of this is to see 

if the user sees any improvements over their normal application. This is a topic for further 

discussion 

 

 Makes it easier to see an overview of my schedule? This is specially to see if the perspective 

provides an advantage over an orthographic view of traditional interfaces. This will also try 

and go further into the subject of information density, if the 3D interface of the calendar 

gives a further advantage when there are many events in the calendar. 

 

 Is easy to read and understand text? To evaluate if the text can be read, since the text are 

sometimes read at an angle and is aliased, this can be big difference between the two. How 

the device running the application’s monitor size and pixel density will also matter here. 
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 More fun to use than a 2D user interface? This was something that was brought up in previ-

ous research [10] regarding sorting software and this question will determine if the users of 

the calendar application felt similarly and also a good topic of discussion. 

3.1.2 Discussion topics 

Experienced users will have these topics discussed further. They provide a general overview of 3D and 

2D interfaces. They replace the reviews conducted by expert in user interfaces preferred by Mack and 

Nielsen [1], with experts on 3D applications, but provide similar questions. 

 Different control methods in different applications. Good examples and bad examples of 

controls in 3D interfaces. Also discussion about touch controls and alternatives to mouse 

and keyboard controls. 

 

 3D User interface complexity versus 2D ones and examples of good and bad 3D interfaces. 

Get a feel what the surveyed feel about how a good interface should look and feel. 

 

 Hardware requirements. Mostly monitor size and how much responsiveness matters to the 

experience but also how the experience differs on powerful versus weak computers. 

3.2 The Calendar application 
The application will have a basic interface, where the user can perform the usual tasks of planning, 

creating and reporting and it will try to use similar conventions to Google Calendar [26] whenever 

possible. This to make the comparison to a 2D interface as close as possible. 

1.1.1. Interface 

The main interface will be a 3D representation of the Google Calendar interface(see Fig 3.1)  , where 

different coloured blocks with text will represent events. The difference will be that when moving the 

camera, the blocks will have depth to them as this will make them easier to see from an angle. The 

application will render a set amount of weeks before and after and display day, week and month where 

appropriate.  
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Fig 3.1 Shows the Google Calendar [26] interface with the same events as in Fig 4-1. A pop up dialog shows detailed infor-

mation about the selected event. 

Details will use 2D overlays, which will not change perspective when moving the camera. This will be 

used to display the detailed information of an event, making sure the user is editing the right event, 

and also to view all relevant information pertaining to the event in an easy way, in a similar way of 

how it works in Google Calendar and should therefore provide consistency and familiarity. The cam-

era will take its position and rotation point from the events that are clicked.  

3.2.1 Desktop Controls 

Based on the interface in Maya and other Autodesk applications, but removing the need for keyboard 

modifiers; the controls in the application on the desktop version will be the following. 

 Zooming will be performed by using the scroll wheel on your mouse. 

 Orbiting will be performed by left-clicking on an empty area and then dragging your mouse. 

 Panning will be performed by right-clicking and dragging your mouse. 

 Selecting and moving your camera to focus on a specific event, will be done by left-clicking 

on an event. 

Controls with a trackpad can be problematic, the task of pressing and moving your finger on the track-

pad at the same time is a complex hand movement. It should generally assume that the users of lap-

tops have a separate mouse. 

3.2.2 Mobile controls  

Based on general touch controls on mobile phones and tablets, the controls will be the following. 

 Zooming, will be performed by pinching your fingers, just like how you do in most web 

browsers and image viewers.  

 Orbiting will be performed by placing one finger and then dragging it.  

 Panning by placing two fingers on the screen and then moving them both without changing 

the distance between them. 

 Selecting and moving the camera to focus on an event by pressing on it with the finger. 
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3.2.3 Readable text 

To get a nice and smooth text, a good anti-aliasing method is needed. The higher pixel density of a 

high end mobile and laptops alleviate this problem to the extent that it almost disappears, but on 

other devises, an anti-aliasing method is needed. Super sampling is very good at making text smooth 

and readable (see Fig 3.2), and is also a relative simple task to program; a higher than screen resolu-

tion is rendered and saved to a frame buffer and then resized to the screen size. However, the perfor-

mance hit using this is too big. Instead the post process anti-aliasing methods NFAA and FXAA [27] 

will be used for smoothing out high contrast areas. A simple sans serif font, such as Arial, can also be 

used.  

 

Fig 3.2 To the right, text with post process anti-aliasing FXAA and NFAA on the right and super sampling on the left, using 

the Times New Roman font. 

3.3 Battery Tests 
To test issues of perceived battery consumption, a test will be made running the 3D calendar applica-

tion and compare that to the use of the Google Calendar application on a smartphone running An-

droid, and the Google Calendar web interface on a laptop running Windows. 

The laptop and mobile device will run a version of the application rendering the interface, and occa-

sionally updating the data.  Since a 3D interface is always rendered, the power consumption is similar 

when untouched to when used normally.  

To test normal web usage Google Calendars webpage will be displayed on the devices and prevented 

from going into power saving mode. The test will be done in the Opera [28] web browser because it  

has the ability to auto refresh at set intervals.  

On Android, the Opera web browser lacks the ability to auto-refresh, so the PCMark [29] benchmark 

tool will be used instead. PCMark can test both web browser performance and battery on Android 

smartphones. 
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3.4 Tools for implementation 
The application will use OpenGL ES to provide hardware acceleration of drawing 3D objects to the 

screen. OpenGL is used by most professional cross-platform applications mentioned in this report 

with its only real alternative being Microsoft Direct X, which does not support platforms other than 

Windows [30]. 

3.4.1 LibGDX 

The application will use LibGDX which is an open source framework, primarily for games, that uses 

OpenGL and Java as its base, but also provides an easy way to create cross-platform applications, on 

desktops operating systems supporting Java, iOS, Android and Web browsers. [31] 

LibGDX greatly simplify creating 3D interfaces and provides libraries for loading graphic files, and 

standardising touch and mouse controls over multiple platforms and provides libraries for 2D inter-

face overlays. This makes it preferable over using only OpenGL and Java.   

LibGDX can also sidestep some of the performance problems with memory management by using 

OpenGL. It can bypass the Java virtual machine and access memory directly and can also store large 

textures in the GPUs video memory with the downside of this being that you have to manually clear 

objects stored in such a way. 

To convert computer fonts to use with LibGDX the utility Hiero will be used. [32] and for converting 

files in the Autodesk file format FBX – a 3D format for models that are created with  a 3D modelling 

application, for example characters and backgrounds - to OpenGL JSON binary file formats [33]. 
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4 Result 

Fig 4.1 shows the created interface that tried to stay as close to Google Calendar (see Fig 3.1)as possi-

ble.  

Fig 4.1 Shows a view of the application interface. The floating window showing the details with the buttons, mimics the inter-

face found in Google Calendar. The interface provides a way to view, undo, update, create and edit events. Source 

code and runnable binary can be found at GitHub [34]. 

4.1 Result of survey 
Ten people were surveyed(see Fig 4.2) and interviewed, six with extensive prior experience with 3D 

interfaces. Functions in the application where understood well, with the insert new event being the 

hardest to figure out. (see Fig 4.5). Text readability was also a problem.  

Fig 4.2 The results of the survey. Most agree that it does not improve their performance over a regular 2D interface but 

thinks it feels more fun to use than a 2D interface. 
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 Easy to Understand Basic functionality?

Feels quick and Responsive?

Improves my performance over 2D interfaces?

Makes it easier to see an overview of my schedule?

Is easy to read and understand text?

More fun to use than a 2D user interface?

Survey Results

Strongly Agree Agree No opinon Disagree Strongly disagree
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4.1.1 More fun to use than a 2D user interface? 

This was something the surveyed agreed on. Further graphical improvements could increase this even 

more. 

4.1.2 Easy to Understand Basic functionality? 

The simplicity of the application and likeness to its 2D counterpart made this also a question that the 

surveyed agreed on. 

4.1.3 Feels quick and Responsive? 

The surveyed felt that the interface was mostly smooth, even if the framerate was capped at 30 frames 

per second. Loading times for the application was hidden behind camera movement and dialogs. 

More on this in the Downloading times section below. The framerate could be changed to 60 frames 

per second if they hardware is not overly strained. 

4.1.4 Improves my performance over using the regular 2D interface? 

The surveyed mostly agreed that the 3D interface did not improve their performance. More quality of 

life features that exists in 2D interfaces such as a 2D mini calendar popping up when moving an event, 

and integration with other applications would have made it a more effective tool.  

4.1.5 Makes it easier to see an overview of my schedule? 

This ties in to previous research [10] stating that 3D interfaces improves on 2D interfaces when ob-

jects where on the screen, that the 3D perspective provides and advantage to get an easier overview 

when a high density of objects are present in the viewport. 

4.1.6 Is easy to read and understand text?  

The text was mostly found to be hard to read on small screens. A text scaling based on pixel density 

could improve this by increasing the text size on small screens and also better anti-aliasing methods 

would fix this issue. 

4.2 Result of interviews 
The experienced people that was interviewed agreed that 3D interfaces are inherently more intimi-

dating than 2D interfaces. Though this was attributed to that the tasks performed in the applications 

largely where more complex, for example 3D interfaces for creating 3D blueprints, than what was 

required when using simpler applications such as email or calendar applications.  

The following where points that where concluded in the interviews. 

4.2.1 Uncluttered interface 

A simple user interface with not too many buttons and functions presented to the user at one time. 

An interface can have much functionality hidden in different sections. This is similar to how Microsoft 

Word does it(see Fig 4.3). Icons can also replace text to make it feel less complex and hard.  
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Fig 4.3 Microsoft Word hides many of its functions in sub sections. The top row can also be customized to provide easy ac-

cess to frequently used functions. 

4.2.2 Simple controls 

Simple camera controls that does not require keyboard controls and three mouse buttons. A mouse 

with only one button and no keyboard modifies can perform the basic camera controls of zoom and 

camera rotation. Touch interfaces also provides easy ways to perform these two functions. 

Complex camera movements such as panning and pitch are not needed.  Navigating, for example 

between weeks in a calendar, does not require panning the camera left and right with the mouse, but 

can be done by simply rotating your camera and clicking where you want to go, and the camera goes 

there. The pitch always stays the same, meaning upward for the camera is always also upward in the 

3D world.  

4.2.3 Responsiveness 

The application should load any textures and models dynamically. This will give the illusion to the 

user that the application is ready to go when still loading objects. Far away objects are placed last in 

a loading que.  

4.2.4 Usability on different hardware 

An interface that can be used with small and big monitors, text and icons can scale according to pixel 

density and screen size. This is the way that many applications on Android work, although it is not 

used on Windows. 

4.2.5 Accessibility  

Have the most commonly used functions be easily accessible. The most commonly used functions are 

different depending on the user and a drag and drop of function where you can rearrange your icons 

and place commonly used functions in a top shelf, much like Microsoft Word(see Fig 4.3) can be used 

to customize the interface. This is largely a more complex task to program in a 3D interface but is still 

doable, where function modules could snap to a fixed 2D plane, for example the same plane where 

the events are places against.  

4.3 Result of calendar interface issues 
Questions specific to the 3D calendar interface where also discussed and a few solutions that were 

suggested and some additional features that could solve others are presented. 

4.3.1 Creating a new event 

This is a feature that differs from its counterpart in Google Calendar and provided some confusion: 

in Google Calendar one simply clicks on any day and an event pops up, where as in the 3D interface 

it requires two steps, one in clicking on a date and hour and then once more on the plus sign to insert 

the event. This was a feature that was confusing to some of the surveyed. A one click insert event 
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functions are not desirable in 3D interfaces where it is easier to mistakenly click on a date, when trying 

to rotate the camera.  

 

4.3.2 Navigation and usability 

The interface selects the account to download data from either a web browser that pops up on desktop 

and laptop computers, or an account selector on Android, and thus does not need any user log-in 

panels inside the application. Controlling the interface, navigating the weeks and months and looking 

around, was something the experienced and inexperienced users alike had no problems figuring out 

the controls for, this was with either mouse and keyboard or with touch controls. Although touch 

controls where considered to be easier to learn and felt smoother when asked for preference.  Drawing 

the conclusion that camera controls do not seem to be a problem when dealing with simple 3D inter-

faces.  The binary view of the 2D user interface in Google Calendar was considered an advantage by 

one user.  

Other quality of life improvements that was missed where the text fields in the edit tab (see Fig 4.4). 

The lack of a year was mentioned, as well as lack of icons instead of text describing the different func-

tions.  

The Google Calendar interface has the time displayed at the left(see Fig 3.1) similar to the 3D inter-

face, but when zooming out, the text becomes blurry. This was a complaint and can be a problem in 

3D interfaces. A solution could be to increase the size of interface text and time when zooming out.  

4.3.3 Readability 

The final calendar application uses a mix of 3D text and 2D overlay text(see Fig 4.1).  The monitor size 

and pixel density was a big factor in being able to easily read the text.  The interface has a lot of text 

that needs to be drawn and have its perspective changed to stay glued to the event cube it belongs to. 

This text was made out of 3D models, a method takes a text string and then displays the appropriate 

3D models at the coordinates provided to the method. All the 3D characters’ models are reused when 

multiple copies are needed. 

Fig 4.5 By clicking on a day a plus sign ap-

pears, and if clicked again a new event 

will be created at the corresponding 

date and hour. 

Fig 4.4 The pop-up input for text input, 

where in comparison to text fields 

in  Google Calendar are faster to 

interact with. 
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With 3D objects, an anti-aliasing technique is needed to smooth out edges. The version running on 

desktop computers and laptops uses FXAA and NSAA anti-aliasing [27]. The Android version does 

not. The 3D characters had depth added to them to make it easier to read but mostly to look better 

from an angle(see Fig 4.6).  The font used for the models in the application are Arial. 

Fig 4.6  Left pictures shows 3D models using the Arial font with depth versus the right one using Times New Roman and no 

depth. 

4.3.4 Performance 

The application provided a mostly smooth experience on both Android, laptop and desktop comput-

ers. The desktop version runs at reduced frame times when run in the background to preserve battery 

life.  

The biggest obstacle to performance was not how many 3D objects on the screen to be rendered, but 

the amount of data that had to be downloaded from Google. 

4.3.4.1 Downloading data 

Downloading data from Google takes around 200 milliseconds for a 6 months’ calendar with around 

100 events.  When downloading more than one calendar it then takes around 100 milliseconds for 

any following download, no matter how many events the calendar contains.  

This means that a person with 10 calendars in their account, would take over 1 seconds to update their 

calendar.  This plus the time it takes to create the 3D models for the events, meant that an update 

could take up to 1.5 seconds. Since most users only have one calendar this did not present a problem. 

Downloading is also hidden behind either a dialog box in the case of editing an event. After editing 

the text of an event, the change in the UI is immediate, even though the background upload takes a 

noticeable time. When switching weeks, the animation of the calendar scrolling either left or right 

hides the updating of the calendar.  

The option to download all calendars was hidden in the Menu.  

4.3.4.2 Loading times 

The application uses one file containing all 3D files that are then extracted using an index. This im-

proves loading speed instead of having all character 3D models in separate files. On Windows with an 

SSD hard drive, the difference is not noticeable, on Android however the difference goes from 8 sec-

onds to load to 3 seconds to load. Because in the case of using separate files, the file reader needs to 

be loaded, then the file needs to be loaded and processed once for each character present in the 3D 

view, which is usually all of them. 
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The application Fbx-Conv was used to convert 3D models into the application and the output format 

was G3DB, which is a binary format, which loaded faster than the human readable format first used 

G3DJ.  

An –I must be added the command: fbxConv  -i -o G3DB. Since the normals in Maya becomes inverted 

when exported, thus the models in the interface becomes visible only on the inside.  

4.3.4.3 Texture use 

The application uses two types of textures: diffuse and specular. A diffuse texture or layer, determines 

the colour of the object and contains a red, green, blue and alpha channel. An object with a 100% red 

channel and 100% alpha channel will appear red when rendered. Specular Layer is a black and white 

colour layer. White will appear as shiny, while black will appear as flat.  Specular textures were used 

to make the event cubes look more realistic and organic when the light hits it from an angle. The same 

specular texture was used for all objects to save memory and decrease loading times. 

4.3.4.4 Memory load 

Since LibGDX uses OpenGL, it cannot rely on Java's automatic memory management. Everything in 

LibGDX that uses OpenGL, such as textures and 3D models, must be cleared from memory manually.  

The application’s events are represented by cubes as to not take up to much memory. The 3D charac-

ters are however more complex, but are always reused, so only need to be loaded into memory once, 

no matter how many times the character shows up in the interface. 

This in combination with the small amount of textures means that the application is memory light on 

desktop computers and smartphones.  

LibGDX has a Disposable interface, which adds a Dispose method to the object. This application used 

an array where all disposable objects are added, and when the application is exited or when it re-

freshes its calendar events, it disposes of the objects in the array. Only event cubes are dynamically 

disposed after used, characters are not since they have a high probability to be used in the futures 

even if they are not currently needed. 

4.3.4.5 3D placement 

All objects sizes and the spaces can be changed in a file in the application. This is so it is to test differ-

ent looks and densities of information. The interface is set up so that that changing the size of an event 

cascades all other sizes and spaces as well. This would also open up to a possible preferences panel 

where users can decide what density of information they would like. To get this to work, spaces and 

sizes needs to be dynamic and dependent on other objects.  The origin of a 3D object built with the 

LibGDX ModelBuilder [35], for example with the createBox() method,  has its origin set in the centre 

of the object.  This meant that all objects coordinates had to be corrected, to half the width of the 

object.  

3dObject.position.x = 1 + 3dObject.width / 2 

This puts 3dObject's left edge at exactly the x coordinate 1 of the object.  

Objects not created by ModelBuilder, can have its origin anywhere and is specified in the imported 

file, but keeping with the convention of LibGDX, its origin was always set to the centre. 
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4.4 Battery test 
Fig 4.7 shows the Android test, and was run on an 18 month old Google Nexus 5 rendering the inter-

face at 1920 x 1080 pixels. For testing the battery life using a web browser, PCMark [29] was used, 

which tests the battery life when running a web browser. 

 

Fig 4.7 The 3D calendar can run 82% as long as the PC Mark test running a web browser benchmark. 

Fig 4.8 shows the laptop test which was run on an 8 months old Surface Book 3 rendering the interface 

at 2160 x 1440 pixels.  The laptop was running the Opera web browser auto-refreshing Google Calen-

dar web interface. 

 

Fig 4.8 The 3D calendar can only run 63% as long as the opera web browser running Google Calendar. 
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5 Analysis and Discussion 

The study was done with experienced computer users. It could be possible but hard to test, since most 

people today have prior experience with computer interfaces, that completely new computer user 

would find it easier to learn 3D interfaces since they mimic reality closer.  

Monitor size and resolution was the biggest factor when using 3D interfaces. The requirement for 

bigger monitor sizes might be alleviated with interface improvements, and working with 3D interfaces 

on small devices, or even laptops, was not something that was desirable. When further inquired, the 

reasons were that it was hard to get an overview and the interface functions becomes hard to read.  

The calendar application was better in this regard, since it does not feature the complex interface of a 

professional application.  

Discussions from users of non-workstation class computers without prior experience doing a lot of 

bookings centred largely on ease of access. This might be improved with a more complex application 

that is can do multiple things at the same time, such as a combined email and calendar application. 

5.1 Controls 
Camera controls was not a problem with either experienced and inexperienced users and the one 

mouse button and touch controls worked intuitively.  Some attributed this to prior experience navi-

gating 3D environments in video games and this makes sense since in many ways, they feature some-

what similar mouse controls.  

Although from discussion with experienced users, the need for alternatives to mouse and keyboard 

was something that was desired. Touch controls is something that solves this largely, but then there 

was concerns about monitor size and performance problems on devices that features this.  

Interesting alternatives where devices where you can gain extra control where the device also tracks 

your wrist angle in addition to the devices 3D position, similar to the controls used with the Vive [13]. 

They could provide the user with a more intuitive way to change the pitch and position of the camera 

by rotating your wrist, which would otherwise require a keyboard modifier in addition to mouse 

movement.  
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5.2 Interface complexity  
Generally, the complexity of a user interface seemed to be a factor of intimidation, where even users 

of Autodesk products of 15 years, thought that these application was not meant for end users(see Fig 

5.1). Sketch Up [36] was brought up as a good example of a less intimidating user interface(see Fig 

5.2). 

Fig 5.1 The Revit [37] interface. Features a complex interface that can intimidate a novice user according to the experienced 

users that where surveyed. 

 

Fig 5.2 The Sketch Up [36] interface. Fewer buttons with easy to understand icons make it less intimidating according to the 

experienced users that where surveyed.  

The calendar application that was created for this did not suffer of this, even though it uses mainly 

text buttons, because it does not feature any complex functionality.  It is possible, had the application 
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featured more complex functionality, that this would have been an issue. Commonly used applications 

such as calendars and web browsers, rarely feature complex functionality or can hide it in preferences 

panels, since most users don’t need them. 

5.3 Virtual and Augmented Reality 
When using virtual reality or augmented reality headsets, 3D interfaces provides an advantage. The 

prospect of having remote meetings with Virtual Reality headsets and discussing and sketching rough 

models for architectural plans where discussed and thought to be a good feature. But the use could 

extend to planning a project’s time with a group calendar.  

Virtual reality has been something that has been trying to get started for a long time, but hardware is 

finally capable of rendering the complex interfaces, environments and graphics necessary for the ex-

perience to feel adequate. The lack of compelling software has also been an issue; and applications 

with 3D interfaces are required or they will never see common use. 

5.4 Web interface and ease of access 
The application is a standalone application that must be run on the user’s computer or phone and 

requires Java to be installed on desktop operating systems. The preferred method of the surveyed 

people doing planning and management is to have everything run in the web browser, then being able 

to move between different devices and not being dependent on a single one. LibGDX supports this by 

using WebGL. The performance was however not good enough for this. In the future, and paired with 

performance improvements to the application, it could be made to run better.  

The integration with other products are also important. Google Calendar has integration with their 

other services, and application used for email such as Outlook has its own calendar integrated into 

the application. 

5.5 Performance and battery improvements 
Although performance as it was, was not a mayor hindrance, there are a few improvements that could 

be made to make it run better on slow performing devices and in web browsers. 

Although big battery consumption was also not a problem, any performance increases would also 

improve battery usage. Another consideration is that when your laptop or mobile starts to heat up, 

you feel that your application is using too much resources, and hence has a negative effect on the user 

experience. The application is made to run at lower frame rate when running in the background on 

desktop operating systems, making it take less resources when used in conjunction with other appli-

cations. 

5.6 Future software developments 
For 2D interfaces there are many tools that can help with development. Such tools are not as evolved 

for 3D interfaces and they therefore take longer do develop.  There are many such tools for 3D game 

development such as Unity [38] and Unreal Engine [39], but they are not well suited for application 

interfaces, similar tools would help the development of 3D interfaces and therefore make them more 

common. 

Vulkan [40] is a new cross-platform 3D API that will replace OpenGL. It is a complete rewrite from 

the code found in OpenGL and focuses on CPU performance improvements, this frees up a significant 
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workload off the CPU, which can then be idle or perform other tasks.  OpenGL also has only support 

for single threaded draw calls, whereas Vulkan is built from the ground up for multi-threaded use, 

making multi-core laptops and smartphones use their hardware more effectively.  All in all, Vulkan 

will make 3D interfaces run more efficient on the same hardware. 

5.7 Interface improvements 
Monitor size and resolution is the biggest detriment against using the 3D interface, improvements to 

zooming and text scaling could help with that. 

5.7.1 Zooming and camera movement 

The zooming feature in and out could have been made to more mimic the Google Calendar, where 

when using the scroll wheel on the mouse or pinching your fingers on a touch screen would automat-

ically lock you to 3-day view, whole week, two months, three months and so on. The difficulty here is 

that the application would need to do a lot of calculations to figure out how many days are visible in 

the viewport given zooming factor and angle.  

The camera moves left and right when switching between weeks, but when then focusing on the event 

that was clicked it snaps into place. A camera to smoothly moves its focus to the event would make 

for a less choppy experience. 

5.7.2 Icons 

It was brought up that buttons with icons feels better than text buttons, at first it is easier to under-

stand a button with text, for example undo, but many of the experiences users that where surveyed 

felt that it looked more complex and after repeated use and icon representing the task, is easier to 

identify and locate. 

5.7.3 Aliasing and text readability 

The first solution to rendering text was rendering 2d text on top of a coloured texture and saving the 

framebuffer and then applying it to the object. But this process could take up to 2 seconds for ten 

events, this is too slow and since the normal amount of events would be a lot higher, this method was 

discarded. Instead the interface loads 3D models representing each character in the alphabet. This 

improves loading times, but decreases readability.  

Text rendered as a texture can have faster and higher quality filter applied to it to make it easier to 

read. Anytime when image objects’ real pixel dimensions are not shown one-to-one on the screen, 

some sort of processing needs to be made to determine what colour each pixel should be. For textures, 

this process can be very fast and done at higher quality.  Implementing a super sampling method that 

could be switched on for powerful computers would surely improve the experience and make it less 

uninviting. 

Another good feature to have would that the description texts of events, as well as dates and times 

would subtly increase in size as you zoom out, making it easier to read them even from afar. The effect 

could stop at a certain distance.  

5.7.4 Creating new events  

The way the application creates new events does not align with the way Google Calendar does it. Since 

clicking or touching and empty area and dragging, rotates the camera, the use could never be exactly 

like how it is in Google Calendar, but it could be improved so that it would have put a new event where 
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the users clicked, but not uploading it until the upload button was clicked. This would reduce the 

number of steps the user need to go through for a such a simple and common task. 

5.7.5 Fun factor 

The question of fun was something that came up in the discussions and was a big factor for the expe-

rience.  Graphical improvements, such as lens flare, shadows, sun changing position and background 

changing colour could increase the fun factor even more.  Sun, clouds and possible weather effects, 

such as rain and snow, could sync with a weather update service, and the calendar would then double 

as a simple weather application as well.  

Normal Layer, a red, green and blue layer, and can further simulate details on the object, by bouncing 

off lights according to the value of the colours, making them less flat and more realistic.  
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6 Conclusion 

The survey found that a majority of the users did not find the 3D interface for Google Calendar was 

superior to the 2D version. This could be solved if the application had further features mirroring the 

quality of life improvements of their 2D interface counter parts. They can largely in many cases be 

copied directly from a 2D interface as an 2D overlay over the 3D one. 

Further, the surveyed felt that 3D interfaces can be more intimidating and should therefore hide com-

plexity as much as possible to make the user feel less intimidated. Hard aliasing on text and 3D ob-

jects, makes the interface seem unforgiving and uninviting.  Using depth on 3D text, sans-serif fonts 

and improved anti-aliasing methods improves text readability and features should be put in sections 

do decrease the perceived complexity.  

The survey also found that 3D interfaces depth provides a better way to get a good overview and hence 

provides a better way to view information when at a higher density.  Small screens lessen this ad-

vantage, but could be fixed with an interface that scales with pixel density and screen size and removes 

less common functions from the screen. 

3D interface performance on today’s hardware is adequate, but higher performing hardware can make 

3D interfaces use higher quality rendering techniques and run in web browsers and on low power 

devices, making them more desirable for everyday use. 

The surveyed agreed that 3D interfaces were more fun, although further graphical improvements 

could improve the fun factor even more.  This together with performance increases and the potential 

for use with virtual- and augmented reality devices will most likely mean that 3D interfaces will be 

more common in the future. 
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